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in Brazil. The methodological guidelines position statistics as a tool for
understanding the social context in which students live and suggest that statistics
be considered as essential for the formation of a critical attitude on ‘eurrent
social, political, cultural and scientific issues in the study of interdisciplinary ‘ot
cross-cutting themes.

In contrast, at the time of the study, the United States had no national curriculum,
with each state responsible for its own mathematics and statisties Standards.
Newton, Dietiker, and Horvath report on an analysis of the standards,from41 states
about the role of statistical reasoning and the statistical’ psocess.. The" findings
suggested that procedures are overemphasised in the curriculatpexpectations as
defined by the standards (particularly in the lower grades) with Tittle expectation
that the curriculum encourage statistical reasoning,

Uganda has a compulsory curriculum, but aceording to“Qpolot-Okurut and
Opyene-Elu the statistical content in the curriculum 4s‘mostly formula-based, and
only 10% of the curriculum at the elementary“levehis on statistics. The focus is
primarily on simple exploratory data skills; othet conténtsis optional, which, in
practice, means that teachers concentrate on mathematies not on statistics. And
often texts are not available, which means.teachers have few resources to use in
teaching statistics.

Wessels describes the revised appfoach tolstatisties in South Africa. The goals
align with the goals of preparing learnersfor the social and economic needs they will
face as adults in the twenty-first century and“as eofsumers of interpretations of data.

Chapters 5-9 discuss the training of teachers to teach statistics and is a
consequence of specific examples oficourses for teacher preparation and professional
development presented in the Conference Topic 3, Analysing current practices in
teacher education regarding thé teéaeching of statistics, while more general topics
related to the training of teachers are included in Part IV. As countries increasingly
are recognising the need to\shifi their currieula to include statistics and probability,
those responsible for teaching thisheontent are primarily teachers trained to teach
mathematics. Providingfappropriate preparation and professional development
for teachers to teach statisti€s is done through programmes offered by government
institutions, professional“statiStics associations, academic and teacher education
institutions, private grgafisations, and in some countries, through collaborative efforts
among these entities. Thepapers in Chaps. 5-9 include a discussion of a university-
based programmie in the United States, university outreach initiatives in Germany,
collaborative efforts_among institutions in Iran and in the Philippines, and a
comparison of the training to teach statistics in Costa Rica and Panama.

Froelich deseribes a new curriculum in statistical content that requires the
cooperation'of mathematics, mathematics education, and statistics faculty for future
seeondary mathematics teachers at a major state university in the United State. The
curricuduim, however, does not focus on how to teach statistics.

According\to Martignon, curricula across all states in Germany now include
mandatory competencies in data analysis and statistical reasoning from elementary
school to“grade 12 with the focus in most states on statistical literacy. To prepare
teachers to carry out these new mandates, some universities have introduced regular
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seminars for future and experienced teachers on educational problems in stochastics,
and some states include statistical questions on data analysis and visualisation in
the central final examinations for future teachers.

The Iranian Ministry of Education designed a new course in stati
students in the second or third year of high school that emphasi
reasoning and the use of technology as a tool for analysis according

to teach this course, with much of the work initiated by the

Society. Along with the Isfahan Mathematics Hou‘a

Teachers” Society of Isfahan, they started an annual sed statistics

competition among high school students and with the an Statistics

Research and Training Centre (ISRTC) developed an ele i¢ sife in Farsi for the
P

popularisation of statistics.

Reston and Bersales describe examples in
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institutions. Two government organis the Philippine Statistical System and
the Commission on Higher Educati ted with the Philippine Statistical

f how individuals,
k tog to achieve reforms.
chool curriculum that

implementation of a nation-wide course 1 ility and statistics for teachers
and the preparation of texts and reference material for teachers.

statistics during teacher prep rammes and in structured professional
development activities in

In summary, papers inc
statistics curricula and teache found around the world. The examples can
provide a base for com with situations in other countries and highlight the
need to recognise the re ce ofiimproving the statistics education of students and

teachers in ever itr )




Chapter 1
Statistics School Curricula in Brazil
Téania M.M. Campos, Irene M. Cazorla, and Veronica Y. Kataok&

® \
Abstract In Brazilian basic education, National CQi P ters recommend
the inclusion of probability and statistics asgp atics. Despite the
innovative character and methodological gu focu on the formation
of a scientific spirit and on civic preparation, pbability and statistics
faces difficulties because of lack of training fo didactic materials, and

availability of software, among others. T, ore, S s educators in Brazil have
hard but promising work ahead.

1 Introduction

Basic education in Brazil consists of elementary and secondary education, totalling
12 years. Elementary educatio ised of two phases: the first consists of
cycles 1 (6-8 year-olds) 1ds), and the second consists of cycles
3 (11-12 year-olds) and s), totalling nine grades. Secondary

To establish content and their development, according to the specificities
of each school level, th istry|of Education (Ministério da Educagio) prepared
a document in
parameters were d first for application in cycles 1-2 of elementary
education (Ministério ucacdo, 1997), then for cycles 3-4 of elementary
education (Minjisteério da Educagdo, 1998), and finally for secondary education
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Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
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(Ministério da Educagado, 2002, 2006). The NCP were designed with the aim of
“establishing quality goals to assist students to face the world today as participatory,
reflective and independent citizens, knowledgeable of their rights afid¥duties”
(Ministério da Educacgdo, 1997, p. 4).

This chapter presents an analysis of the mathematics in the NCP related"to
probability and statistics, using a methodology for content analysis (Bardin,2006).

2 Objectives and Contents

Probability and statistics are inserted in the NCP recommendations in mathematics. In
elementary education, they are part of one of the four.content bloeks, the “Information
Handling” block. In secondary education, they age part’ofionéef the three blocks, the
“Data Analysis” block. This status shows the“recognition“of the importance of
developing statistical reasoning in the intellectual and eivieiformation of students.

* The objectives of cycle 1 for elementarys education are: (a) to develop
procedures to collect, organise, communicate,“and interpret data through
tables, charts, and representations/that ase frequently used in daily lives; and
(b) to understand that most events ofyeveryday life are random in nature by
exploring concepts of chance and uncertainty, that arise intuitively in situations
where the student performs experiments and observes events (Ministério da
Educacao, 1997).

* The objectives of cycle 2 for elémentary education are: (a) to appreciate the use
of statistical language as a means of communication and to facilitate ways to
solve and communicate strategies:andsesults; and (b) in the field of probability,
to identify characteristies’ of predictable or random events from problem
situations (Ministério da Educacid, 1997).

* The objectives of cycleg3, for‘elementary education are: (a) to encourage the
formulation of hypotheses from systematic observations of quantitative and
qualitative aspects of reality, establishing interrelationships between those aspects
(variables) by“making use‘of mathematical knowledge, and to select, organise,
and produce relévant mfermation in order to interpret and assess those relations
critically; and€(b) to promote understanding of patterns and trends in data by
drawing infetences from the frequencies and measures of central tendency of a
population sampléi(Ministério da Educagdo, 1998).

¢ The objectivesyof cycle 4 for elementary education are: (a) to build the sample
space ofiequally likely events by using the multiplicative principle or simulations
to, estimateithe probability of the success of an event; and (b) to go beyond the
reading,of information and think more critically about the meaning in the
information. Thus, the proposed topic should go beyond mere description and
representation of data to include investigation of the data and decision-making
based,onsthat investigation (Ministério da Educacdo, 1998).

¢ The objectives of secondary education are: (a) to enable students to master the
language of probability; (b) to raise some equiprobability hypotheses; and (c) to
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associate statistics with observed results and frequencies of corresponding
events and make use of such statistical frequencies to estimate the probability of
a given event (Ministério da Educacgdo, 2002, 2006).

The content suggested for the proposed objectives can be group der four
categories, ranging in intensity and complexity as students progress the
levels of education.

e Collecting, organising, and representing data: sim an tables,
absolute and relative frequency; construction of bar charts, harts; line graphs,
histograms, and frequency polygons.

 Interpreting data: for cycles 1 and 2 of elementary e
involves essentially the reading of tables and q)hs.

a, are

ion, data interpretation
3 and 4 and in
ected to produce
easures of central
ity (mean deviation,

secondary education, in addition to reading dat;
and interpret a number of statistical meas
tendency (mean, median, and mode) and m

variance, and standard deviation).
e Drawing and assessing inferences: 4 elementary and secondary
education only, drawing inferences fi sing measures of central

tendency and frequencies to estim
¢ Understanding and applying pr i chance: notions of chance and
uncertainty; probability of a single e e 4 elementary and secondary
education only, building a tree diagram sing combinatorial analysis to

3 Methodological

The formulation of hypo
content. However, the ro @ pol
guidelines, whergpstatist 0

not seem to be explicit in the objectives or
heses becomes more evident in the methodological
idered to be an essential tool for the formation of
a critical attitud ocial, political, cultural, and scientific issues in the
study of interdiscipli oss-cutting themes.

The guidelin o recognise the role of statistics in understanding the social
context in whichystudents live and therefore as a tool for their civic education. In
relation to infor ported in the media, the NCP emphasise statistics as a
language to ibe reality, recognising the relativity of statistical measures and
how they % dled in accordance with specific interests.

gestion in the guidelines is that systematic observation of phenomena
i of knowledge may help students develop an investigative spirit
s is seen as part of the scientific method. Students should use

eses and inferences, even informally.
Finally, the NCP recommend the use of a calculator and a computer, especially
spreadsheets, to minimise the tedious nature of data processing and maximise data
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analysis, as well as to simulate random experiments that can help students develop
an intuitive meaning of probability, observing, for example, the relative frequency

of an event over a long run of repetitions. Q
4 Final Considerations

In conclusion, probability and statistics education in Brazil’o
interpretation of data where it is seen as a language to descri i
emphasise the formalism of concepts and formulas. How altho e guidelines
mention terms such as population and sample aiﬂl;se frequencies as
estimates of population values and probabilities, t hav iscussion about
sampling and the variability of sample means and m ferences to quantiles
(except of the median) or to box plot.

The analysis conducted in this chapter mayghelg discussions of the NCP
guidelines during the process of teacher training esearchers interested in the
process of teaching and learning statistic, aking comparisons with
the curricula from other countries.

Finally, we should mention tha
schools still faces major challenges/in
of teachers; (b) didactic books, which ha ptual mistakes and present the
content in a fragmented way; (c) the scarcity of didactic materials; (d) research
results that are not yet available to s¢hools; and (e) the lack of free software as well
as other obstacles. Taken all togetheryin Brazil statistics educators still have hard
but promising work ahead.

ysis and
d does not
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Chapter 2
Statistics Education in the United States:
Statistical Reasoning and the Statistical

>

Jill Newton, Leslie Dietiker, and Aladar Horvath

Abstract Two important components of statistica

and the statistical process. This chapter su

ar 1stical reasoning
i that analysed 41
mathematics state standards documents as the isted 1152006 to surmise the

extent to which learning these components is exp students in the United
States. Most prominent among the findings were % epresentation of isolated
statistical procedures and the correspo expectations addressing
statistical reasoning and the statistical pro

1 Introduction

Statistical literacy has been conc
& Garfield, 2004; Franklin et
for statistical literacy are:
Utts (2003) states that “the

tualised in many ways (e.g., Utts, 2003; Ben-Zvi
however, often highlighted as important
tatistical r€asoning, and (b) the statistical process.
phasise calculations, and more need
to focus on understanding ho ical studies are conducted and interpreted”
(p. 74). Similarly, Burri mden (2005) propose that “students seem to be
mastering statistical pr res and vocabulary but are not able to use statistical
reasoning in a i and that “an over-emphasis in school syllabi on
answering questio than posing them, and making decisions based only on
data displays pr es roach based on absoluteness of data that stifles the
development of statistical thinking” (p. 4).
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The goal in the analysis described in this chapter was to report on expectations
that students in the United States will use statistical reasoning and carry out the

statistical process. The investigation was complicated by the fact that ike the
majority of countries in the world, the United States does not havela
mathematics or statistics curriculum. Rather, each state has its ow atics

and statistics standards.

The analysis, then, became an examination of a set of stafe
analysis was framed using the Guidelines for Assessment and Inst
Education (GAISE) Report published in 2005 by the Amerfeah Stati
(ASA). The GAISE Report proposes four process compo
investigative process: (1) formulate questions, (2) colle:
(4) interpret results (Franklin et al., 2005). These compon c
data analysis standards proposed by the National Councihof Te of Mathematics
(NCTM, 2000): (1) formulate questions that cansbe a ith data and collect,
organise, and display relevant data to answer se and use appropriate
statistical methods to analyse data; and (3) dey, aluate inferences and
predictions that are based on data. As part of a | is chapter summarises
the analysis of the state standards using omponents in the GAISE
Report to address the following questigns:«(1) To what extent do the K-8 US state
mathematics standards promote stati ing?(2) To what extent do the K-8
US state mathematics standards expec y out the statistical process?

the statistical
se data, and
istent with the

a, (3)

2 Method

All of the statistics gra ions (GLEs) from 41 state standards
documents were collected, s coded into the appropriate process
component (Franklin et al.,

1. Formulate questions; @., arify the problem at hand; (b) formulate one (or more)

questions tha@m be vered with data;
2. Collect data: i

collect the data;
3. Analyse dat selectiappropriate graphical and numerical methods; (b) use
these methods,to analyse the data; and
terpret the analysis; (b) relate the interpretation to the

coded as applicable for more than one process component. For
aders in South Dakota are expected to “gather data and use
complete a scaled and labelled graph”. This GLE was coded as both
d Analyse Data. Expectations for statistical reasoning within each
nent and expectations related to conducting the statistical process
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3 Results and Discussion

General findings. In the 41 state standards documents, as they exist

in grade 8. Table 2.1 summarises the number of GLEs coded
component. Results show that students are much more d‘:n exf
data and interpret results than to formulate questions and co

Statistical reasoning. When students were expecte go d statistical
procedures to evaluate or reflect on these proc%)res LE ‘was coded as
statistical reasoning. For example, sixth graders in ida are cted to “find the
range, mean, median, and mode of a set of data’. G is type do not seem to
require statistical reasoning. In contrast, eighth
“recognise practices of collecting and displaying da may bias the presentation
or analysis”. Some GLEs expected both doing pra
For example, seventh graders in Washin
and collect data from a population,/describingshow the questions, collection
method, and sample population affe . Forty of the 41 states analysed
include at least one GLE that prométe i
the relative frequencies of GLEs that p
process components.

Only 28% of the GLEs across

tatistical reasoning across the

e 41 states promote statistical reasoning. In
addition, expectations for statistical reasoning were much more prevalent in GLEs
addressing data collection a is than in question formulation and
interpretation of results. The frequenc LEs that promote statistical reasoning
increases from four GLEs inder 113 GLE:s in Grade 8, indicating that
young students are expecte ittle statistical reasoning.

Table 2.1 Numb tations (GLEs) by process component

Collect Analyse Interpret
data data results Overall
Number of GLEs 423 968 867 1,711

Table 2.2 f statistical reasoning grade level expectations (GLEs)

Formulate  Collect  Analyse Interpret

questions data data results Overall
13 119 325 66 475
112 423 968 867 1,711

s component GLEs 12% 28% 34% 8% 28%
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Statistical process. Only 41 of the 1,711 GLEs (approximately 2%) include the
expectation that students plan and carry out the statistical process. For example,
third graders in the Department of Defense schools are expected to “
implement a plan to collect and organise data to address a give
However, some GLEs include several process components that m.
state’s expectation that students move beyond isolated process compon

example, third graders in Oklahoma are expected to “pose ¢ %
D

collect,
students
all four

record, and interpret data to help answer questions”. This GLE
to carry out the statistical process from beginning to ie.,

process components). Less than 30% of the GLEs include n one process
component in a single GLE, and only 7% of the total i e three'or four process
components. However, nearly half of the states eit e$s study design
explicitly or combine all four process componen one suggesting that
students should carry out the entire statistical pr ddition, 15 GLEs
address the iterative nature of the statistical For ple, sixth graders
in Tennessee are expected to “make conjectur te new questions for
future studies”.

4 Conclusion

The study set out to determine whether K-8 state standards in the United States of
America promote statistical reasonifig and expect students to conduct the statistical
process. In both cases, the answer 1s that most states do but to a very limited extent.
The procedures associated with ical process are undoubtedly an important

expectation that the curriculu g0 beyond these procedures to encourage
statistical reasoning.

Several important i tions for teacher education programmes emerge from
this analysis. Fi.a o oach to the statistical process is needed in order
for teachers to und the importance of spending time assisting students with

ata collection (this analysis found these process
derrepresented in the state standards). Second, teachers will
need to be prep ilitate discussions with students around the expectations
that promote reasoning. That is, in many states (to varying degrees),

o % as moved beyond calculating means and constructing graphs,

question formul
components to be

at teachers know how to implement these new expectations.
mportant that teachers begin to see state expectations as a
irement. That is, teachers working in states that expect students only
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Chapter 3

Statistics School Curricula for Uganda

Charles Opolot-Okurut and Patrick Opyene Eluk Q

Abstract This chapter describes the statistics c’i for ols in Uganda,
M3 dary schools and

explaining the statistics content for each yeé
The secondary school curriculum has ordinary level components. In
the two courses offered at the ordinary level andya advanced level, statistics

textbooks and technology, are des

practice for statistics within matherat different levels.

1 Introduction

“Planning without accura res is a common feature of the economy of most
developing countries” (Oy 982, p. like Uganda, which the use of correct
statistical data could remed 1 data partly derive from statistical activities

in schools. This chap cribes the statistics school curricula for Uganda
including the contextua grouind of the education system, the statistics content

at the primary ;. secon ool levels, statistics teaching resources, and the
assessment format l&
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Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
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1.1 Contextual Background of the Education
System in Uganda

Uganda’s education system follows a national curriculum for all
school levels. The education system has pre-primary school, prim:
secondary school, and tertiary levels. The primary level is of 7 yea
the secondary level has two sublevels: an ordinary level lasti
advanced level lasting 2 years. Mathematics and statisti.are a ned course
that is compulsory at both primary and ordinary levels taug e same teacher.
Teachers of statistics are initially trained to teach mathema “Vice teacher
programmes (Opolot-Okurut, Opyene Eluk, & Mwanzw)

2 Statistics Curriculum at Primar

At the primary level, statistics topics incl rap rpretation of information
(Uganda National Examinations Board [UNE 1; National Curriculum
Development Centre [NCDC], 1999) iitend introduce pupils to basic statistical
concepts. The statistics content co mary classes (primary one to
three) includes graphical representation o ta. In the upper primary classes
(primary four to seven) the content includes scales on horizontal and vertical axes,
drawing and interpreting bar graphs; tabular and graphical representation of
information; simple statistical averages; and probability of simple events (NCDC,
2000). Unfortunately, teachers c e on teaching mathematics as only 10% of

the topics in the curriculum arg on
3 Statistics Curr

&

3.1 Statistics iculum at Ordinary Level

t Secondary School Level

ematic8 and 475-additional mathematics are offered at this level
oduced in the primary school. The work covered involves
a from textbooks:

Courses 456-m:
to extend the stai

f data, summarising and interpreting data, and basic concepts of
cording to NCDC (2008) discrete data organisation, analysis and
re done in senior one; averages for ungrouped distribution are in
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data, and experimental and theoretical probability are in senior three. In senior four,
statistical concepts earlier covered are revisited, though some students fail to
acquire the basic foundation in statistics.

Four-seven-five additional mathematics: In a few schools, gifted

statistics topics than 456-mathematics (UNEB, 2005). The g
appropriate organisation of data, data analysis and interpretation %
and index numbers. Laws of probability, discrete a’

expectation, normal and binomial distributions, confidence i
surveys, correlation and regression (UNEB, 2005) are, al
students cover this course in most schools.

3.2 Statistics at Advanced Level

Two courses, principal (P425) and subsidiary ( ematics, are offered at
i B, 2008). In principal
atics. The statistics content
measures of central tendency

mathematics, statistics falls under
includes introduction to statistics, or:
and dispersion, index numbers, probabi aces, functions and distribution
functions, and confidence intervals (UNEB, . Statistics covers about a quarter
of the mathematics curriculum. The content of subsidiary mathematics is similar to
the additional mathematics for ordi level (UNEB, 2008).

4 Statistics Teachi d Learning Resources

ganda is similar to that of other African countries
2002). Teachers who teach statistics rarely have an
ledge of the principles underlying good statistics
and approaches used in classrooms derive from
d as the main authority for statistics content and the
- Unfortunately, textbooks are often unavailable or inaccessible
, most locally produced primary and ordinary level
nts to statistics through “non-genuine data”. This scenario

The teaching of statisti
such as Kenya (Odhia
opportunity to d‘lo SO
teaching. The topi
textbooks, which
de facto curricu
to students. F
textbooks introd

real-life data, statistical reasoning, and problem solving. Meanwhile,
textbooks are mostly imported and expensive. Teaching statistics in
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5 Statistics Assessment Items

The items for Primary Leaving Examination (PLE), Uganda Ce

curriculum (Assar, 2002). Statistics assessment items f
from the 456-mathematics syllabus. Meanwhile, the \stati
for the 475-additional mathematics question paper ar
mathematics syllabus. ’
Statistics items assessed in the UACE S475-mathe
UCE 475-additional mathematics. Worth notingyi
taking subsidiary mathematics is on the decli
P425-Principal Mathematics because passing P
entrance to a variety of university course
The assessment items for the P425-P atics statistics examinations
derive from the relevant curriculum ude introduction to statistics
and index numbers, but confidence i i ttle attention (UNEB, 2007).
Overall, statistics assessment in Uganda
before the introduction of Curriculum-2005 els, 2008), is formula-based. The

aper are similar to the
mber of students
students prefer the
better opportunity for

force students to attempt some istics. However, such assessments produce
students who are ill prepared fo istics required in higher education and for
application in adult life.

6 Conclusion

The observations desesibe is chapter can be useful to educators in Uganda
and other countries t ngaged in improving the teaching and learning of
statistics. Statis eaching faces common challenges such as teacher-centred
and examinati riented instruction, little feedback on students’ assessment,
and the use of t ok as a primary source of problems. To address these
training must focus on preparing teachers to teach statistics
s teaching should embrace the use of technology, cooperative
ent-centred instruction. More varied and motivating forms of
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Chapter 4

Statistics in the South African School
Curriculum Q
Helena Wessels

_

tisti South African
post-1994 school
handling and probability,
pugh all phases of the
e and knowledge of how
ever, teachers are not yet
fully prepared to implement the inten i . An external assessment at the
end of grade 12 influences to a gre ing’approaches and how content
is covered.

Abstract In this chapter, the status and conter!)
primary and secondary school curricula are discusse

mathematics curriculum, the scope of statisti ata
has been broadened to promote statistical thi
statistical process. Because of a lack of content

1 Introduction

Outcomes-based educati dation of the post-apartheid school
curriculum in South Afric i er-centred, activity-based approach.
The new curriculum, revise 2, 1s divided into two parts: the General
Education and Training band and the Further Education and Training (FET)
band (Department of E ion JDoE], 2002, 2003a). The GET band consists of
three different st ation (grades R-3, where R indicates the grade
before grade 1), Int iate (grades 4-6) and Senior Phases (grades 7-9), while the
FET band spans 2. All learners in the FET band have to take either
mathematics or mathematical literacy. In both the GET and FET bands, the focus of
data handling ani ity is on the development of skills to collect, organise and
critically a terpret data; in the FET band, these skills are used to

rriculum Studies, Faculty of Education, Stellenbosch University,
Private Ba, atieland, 7602 Stellenbosch, South Africa
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establish statistical and probability models to solve related problems. In mathematical
literacy, the development of skills to collect, organise, analyse and interpret data is
also prominent, focussing on the role of learners as consumers of interprétatiens of
data (DoE, 2003b).

In the past, data handling was taught traditionally, aiming at the“drawing"’of
simple graphs of already organised data sets, the description of single data sets,
answering of direct questions about graphs and tables, and calculations.of the mean,
median and mode of small artificial data sets without real undetstanding from
learners or teachers about the meaning or appropriateness of ghesc‘meastres. This
traditional approach taught learners fragmented skills that didnotyprepare them to
interpret data critically, communicate their opinions ‘@nd conclusions, or to be
statistically literate; nor did it prepare them for further studieshia statistics (North &
Zewotir, 2006).

The revised curriculum includes the collgction! tepresentation and critical
analysis of data to draw conclusions, predict and'detecmine chance variation. These
goals are in line with the mission of the Departmenthefs Education to prepare
learners for the social and economic needs they will face asiadults in the twenty-first
century (DoE, 2009). One of the main ideas on all levels of the curriculum is the
solving of problems on social, environpiental and political issues, human rights and
inclusivity by using the statistical process.

Many mathematics teachers in/South Aftica are not yet statistically literate
themselves and lack the confidence to“teach statistics; more professional
development initiatives are needed to prepare them to implement the curriculum
successfully (Wessels, 2009). ThedSixth International Conference on Teaching
Statistics (ICOTS-6) held in Cape, Town in 2002 resulted in considerable advantages
for statistics education in Southl Affica) The teacher training programme that ran
parallel to the conferenceysparked a series\of professional development initiatives
for teachers in South Africa that are still centinuing (North & Zewotir, 2006).

2 Statistics Contentfin the South African Mathematics
Curriculum;'GET Band

In the Foundatigon Phases the development of skills starts with sorting objects and
data according ‘topdifferent features, while developing an awareness that the
selection of attributestused for sorting the data influences the representation of the
data and the subsequent conclusions and predictions. Representation should adhere
to one-to-one,correspondence between an item and its representation.

Central . the’Intermediate Phase is the gaining of skills to collect and
summasiSe data for interpretation and prediction. The influence of specific questions
onthe understanding of the situation and the role of representations in the
clarification @r concealment of different features of the data limiting interpretation
and prediction should be emphasised. The constraining role of data-gathering
contexts in the interpretation of and subsequent prediction from data should be
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made explicit through examples; for example, interviewing only a group of
teenagers on music preferences for background music in a shopping mall as
compared to interviewing people of all ages. Teachers should fostef I€atners’
abilities to critically consider data collection methods, the suitabilitysof different
representations to summarise a data set and interpretations and predictions, made
from data, using discrete data and whole numbers. Calculation of the probability of
an event happening is not required, but awareness should be develgpedithatdifterent
situations yield different probabilities and that many situations havea finite number
of different possible outcomes.

Learners investigate and solve data handling problems in“theMSenior Phase by
using techniques learned in previous phases. Learners should deal with discrete and
continuous data, do projects and use measures of centraltendency, range and
standard deviation. Chance is studied through single’and compound events, simple
experiments showing the difference between the,probabilitysand, relative frequency,
and expressions of chance and probability from real life; for example, “The HIV
test for babies is 74% reliable”.

3 Statistics Content in the SouthvAfrican Mathematics
Curriculum: FET Band

In the discussion of data handling for the FET band a distinction is made between
the content for mathematics and/for mathematics literacy for grade 12. The
content covered in grades 10 and 11Ved to the required content for grade 12 and
will not be discussed separately. Forgmathematics it is necessary to consider the
assessment requirements for the external'examination as a determining factor for
the content in grades 10-12. The learninggoutcomes and assessment standards for
grade 12 have been divided intg Core and Optional Assessment Standards. Core
Assessment Standards afe‘€Xamined by means of two compulsory papers, while
Optional Assessment Standards are examined by means of an optional third paper
(DoE, 2008).

Data handling comptises 16.7% of the second compulsory paper and includes
graphical representation of data; measures of central tendency and dispersion; box
plots, scatter plgts and ogives; calculation of variance and standard deviation; and
fitting lines to datasTopi€s included in the optional paper comprise dependent and
independent events;“Venn diagrams, bias, error in measurement, uses and misuses
of statistic§, effective communication of conclusions and predictions, symmetric
and skewed data, importance of sample size, regression functions and the correlation
coeffieient for bivariate numerical data.

It waS anticipated that the Optional Assessment Standards would become
compulsory after 2010 to provide for the required training of teachers, but the
Department of Education has since decided that these standards will remain
optional (DoE, 2009). This assessment policy has caused many teachers to drop the
optional grades 10-12 Assessment Standards from the curriculum. Learners who
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want to write the optional paper in grade 12 have to attend extra classes after
school. Concerns are that learners who have not been taught statistics in grades
10-12 will not be statistically literate when they leave school a
ill-prepared for the interpretation of statistical information presented j
and for statistics at the tertiary level.

The main focus of data handling in mathematical literacy is info
reasoning, more specifically the critical comparison and interpr
sets to draw conclusions and make predictions, taking into accou:
and bias. The use of numerical and graphical summarie
describe trends and the use and misuse of statistics in society/
used to make predictions about outcomes of games a
Mathematical literacy is examined through two papers: cuses on basic
knowledge and routine applications of data han ility, while the
second paper requires more reasoning about and int ion,and application of
given information.

of error
e used to
ility values are

4 Conclusion

Statistics education in South Afri infancy, and much needs to be
done to prepare mathematics teachers to te roadened statistics curriculum
to promote statistical literacy. Through cooperation between the Department of
Education, university mathematicg| education departments and Statistics South
Africa, preservice and inservice, teacher training courses are presented to attain
this objective (North & Scheib Wessels, 2009).
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Chapter 5
Developing a Statistics Curriculum for Future
Secondary Mathematics Teachers

Amy G. Froelich °

Abstract To support the teaching of statistics in s Q} ms recommended

by the National Council of Teachers of Mathemati inciples and Standards
Assoc

on 2005 Guidelines
¢ faculty at Towa State
ent for future secondary
national mathematics
condary mathematics teachers
stics, and probability, and
ematics and statistics.

for School Mathematics and the American Sta
for Assessment and Instruction in Statistics Ed
University designed a new curriculum in statis
mathematics teachers. Based on reco
committees, this new curriculum engages
with data collection and analysis
highlights connections and differenCes

1 Introduction

In the last 20 years, the t
curriculum has become

ics as a part of the mathematics school
oss the United States. In 1989, the
National Council of Teache athematics as a part of their document
Curriculum and Evalu tandards for School Mathematics (NCTM, 1989)
called for data analysis robability to be taught in the nation’s schools. This call
was repeated a.e a 2000 in the NCTM document Principles and
Standards for Sc hematics (NCTM, 2000). The American Statistical
Association’s Gui; Assessment and Instruction in Statistics Education
(GAISE) Repo rankhin” et al., 2005) for the Pre-K-12 classroom calls for
teaching statisti chools using a problem-solving framework along with a
focus on the sources of variability.
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2 Curriculum Recommendations for Future
Mathematics Teachers

In recognition of the changes in the status of statistics in the school{mathematics
curriculum, two reports on the curriculum for future mathematics teachers were
issued in the last decade. Both the Conference Board of Mathematical' Sciencesbook,
The Mathematical Education of Teachers (the MET Report) (CBMS, 2001),'and The
Mathematical Association of America report, Undergradudte Programsyand Courses
in the Mathematical Sciences: CUPM Curriculum Guide 20044the,Committee on the
Undergraduate Program in Mathematics (CUPM) Curriculuny Guide) (GUPM, 2004),
reinforced the need for statistical training in the preparationyef future mathematics
teachers. The CUPM Curriculum Guide states that{*(f)he emphasis on data analysis
in the 2000 NCTM standards ... make(s) a study of/statistics necessary for those
preparing for secondary school teaching in mathematics” (CUPM, 2004, p. 47). This
report further indicates the importance of having all'mathematics majors (including
future teachers) “study statistics or probability with an approach that is data-driven”
(CUPM, 2004, p. 47). The MET Report goes furtheipby fecommending that future
teachers gain experience in five areas: exploring data, planning a study, anticipating
patterns, statistical inference, and probability\ ¢(CBMSy2001).

At the same time, statistics educators¥focused on student-level outcomes and
guidelines for teaching the college introductory statistics course. In 1992, the Guidelines
of the American Statistical Association/Mathematical Association of America Joint
Committee on Undergraduate Statistics called fof the introductory statistics course to
(1) emphasise statistical thinking, (2) faclude more data and concepts, less theory and
fewer recipes, and (3) foster activeflearning (Cobb, 1992). Building upon this work, the
GAISE College Report (Garfigld et al.;m2005) provides six recommendations for
teaching the introductory statistics course and 23 student learning outcomes for all
introductory statistics courses:‘ITheyguidelines in Cobb (1992) were endorsed in the
CUPM Curriculum Guideg¢€UPM;*2004) as a part of their recommendation for a
data-driven approach to $tatistics and probability study for mathematics majors.

3 A Statistie§ Curriculum for Secondary Mathematics
Teachers

In light of these'reports, the faculty from the Departments of Statistics and Mathematics
at Jowa StatéyUniversity decided to implement a new curriculum in statistical content
forfutare secondary mathematics teachers. The new curriculum includes two required
coursesgf(intfoductory statistics and probability) and three recommended courses
(applied regression modelling, design and analysis of experiments, and mathematical
statistics).
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Following the recommendations of the CUPM Curriculum Guide, the first
required course is an introductory statistics course following the guidelines from
the Cobb (1992) report and the GAISE College Report (Garfield et @al.n2005).
Course content includes descriptive statistics, data collection through random
samples and random experiments, and an introduction to statistical/inference, ‘all
taught with an emphasis on conceptual understanding. Completion of this‘course
gives future teachers content knowledge in three areas (exploring data, planning a
study, and statistical inference) from the MET Report (CBMS, 2001).

The second required course is a course in probability includingieontent in
standard probability distributions. At Iowa State, this course/has been redesigned to
place more focus on data analysis and investigations offedncepts.“The differences
between theoretical probabilities and probabilities_estimatedythrough simulation
and experimentation are emphasised through this appreach (Freelich, 2009). From
this course, future teachers gain content knowledge in the other two areas from the
MET Report (CBMS, 2001) (anticipating patterns and probability) not covered by
the introductory course.

While the two required courses are a good basis for the statistical content
training of future secondary mathemati€sateachers, the content in these courses
only mirrors the content future teachérs will be tesponsible for teaching in the
classroom. To gain a deeper underStandinghef statistics and its connection to
mathematics, additional courses dre necessary. However, as with many other
education degree programmes, there is very liftle room to add courses to the
degree programme for these future teachers and still allow for graduation from
the university in a four-year time frame. Thus, the remainder of the curriculum
(applied regression models, design and analysis of experiments, and mathematical
statistics) is recommended, butadtirequired, for all future secondary mathematics
teachers.

The first two recommended coursesyp8ive students a deeper exposure to
statistical methods. The first“coutsel in applied linear regression models gives
students experience in simple and multiple linear regression and an introduction
to the analysis of varianc¢. The second course in the design and analysis of
experiments exposes students to different experimental designs (one-factor,
two-factor, blocking, €te.) and the analysis of data from these experiments. In
both courses, the focusis on data analysis and the appropriate interpretation of
the results in context.

Finally, the conmections between statistics and mathematics in this curriculum
(CBMS, 2001),arc“emphasised through the mathematical statistics course. Unlike
the traditighal“eouise, this course at Iowa State is focused on the development of
statistical ‘eonceptsithrough both simulation and mathematical proof. The course
content includesia’ study of the distributions of common sample statistics, the
properties ofiestimators, and the connections between statistical theory and practice.
Throughout the course, emphasis is placed on data analysis and on the connections
between mathematics and statistics.
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4 Future Work

Taken together, the two required and three recommended courses
mathematics teachers a firm foundation in the statistical content i

understanding and data analysis through the use of classroo

homework activities, statistical software and java applets, real da and student
course projects. While the pedagogy used for these

ﬁsses p future
mathematics teachers develop their pedagogical content k e 1n statistics, the
current curriculum is missing a concentrated study of h te istics. Future
plans are to develop two one-credit courses cove edagogical content
knowledge in statistics in conjunction with the tW('qui e in introductory
statistics and probability. N

5 Conclusions

The curriculum in statistical content for future secondary mathematics teachers at
Towa State was designed based on re m national committee reports.
The courses in this curriculum are gen to be easily adapted to other

Kliemann, & Thompson, 2008). T ooperation is the first step to providing future
secondary mathematics teachers with ‘appropriate training in statistical content in
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Chapter 6

Future Teachers’ Training in Statistics:
The Situation in Germany Q
Laura Martignon °

®

Abstract This chapter describes some relevant fegr f th ning in statistics
and probability future mathematics teachers regeive in . It also discusses
aspects of the stochastic courses taught in s ell as;some of the relevant
textbooks on the subject.

1 Introduction

National school systems differ greatly as to ount of time allotted to different
areas of mathematics in school. Germany’s educational system, similar to the
educational systems of many othefycountries (see, for instance, Coutinho, 2008;
Innabi, 2008), had traditionally been réluctant to allot a significant portion of school
hours to data analysis and statis the last decade this has been drastically
changing, and national curti tes of the federal republic (Ldnder) see
the achievement of comp analysis and statistical reasoning as
mandatory from elementary sc rade 12. A crucial impetus for this change has
been the weak achieve of, German school students in international student
assessments such as Pr me/for International Student Assessment (PISA) on
tasks belonging certainty”. In fact, 25% of all questions in PISA
2003 dealt with p istic or statistical tasks, and the lack of competency of
German students imgsolv ch tasks was a drawback to their overall performance.

Since recent/reforms yin’ 2005 that follow the dispositions of the educational
standards (Bild rds, i.e., the adaptations of the National Council of
Teachers of M s Standards (NCTM, 2000) to the German educational
1 icula in all states of the federal republic now recommend
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introducing statistical concepts and methods beginning in primary school and
fostering competencies in statistical reasoning through secondary school in all
school types. The emphasis on data analysis and data visualisation is stfongyin all
states, but only some programmes in a portion of the federal states,for instancé
Sachsen-Anhalt, also recommend fostering elementary probabilistic réasoning
during the first school years. A crucial factor that has enhanced_the interest of
school teachers in school statistics has been the inclusion of/questions testing
statistical competencies in the final central examinations taken bysschool students
at the end of secondary school. For many years, questions of this type, iffany, were
not mandatory but could be selected from an additional poéliiToday questions on
data analysis and data visualisation belong not only imhthe final eXxamination but
also in the biannual central Comparison Exams (Vergleichsarbeiten) for all school
types, which have become mandatory since the inception of the'new educational
standards in 2005. This, perhaps more than any etherfactorphas, motivated teachers
to take special extra courses (Lehrerfortbildungem), offered regularly both in
schools and universities by instructors mostly from universities, in order to receive
training in statistical competencies.

2 Training Future Teachersin'Statistical Thinking
During Their University Studies

Perhaps even more so than in other mdathematical fields, the gap between disciplinary
statistics and school statistics has to be,taken seriously into account when preparing
future school teachers of statistics’whoghave to be aware that they will be providing
future citizens with “statisticabliteracy™. Tn other words, future citizens need to be
endowed with tools for interpreting statistieal information in the media, for dealing
with relative and absolute risks; andsfor understanding the effect of base rates on
the predictive accuracy ef‘meédical tests. This requires assessments of the validity
of features characterisingfinancial investments like risk, liquidity, and time horizon.
It means also ugderstanding data visualisation, as commonly used in newspapers
and brochures, and understanding the meaning of correlations as well as of
conditional probabilities:iSuch goals had been absent from traditional German
university courses 1n stochastics that combined descriptive statistics, inferential
statistics, and probability, typically at a very formal theoretical level, with
applications, if any,“more in abstract problems rather than in day-to-day decision
making. These‘courses had been — and, by and large, still are — taught to all
students, regardless of whether they are interested in pursuing a mathematical
careeror in becoming future teachers (Lehramtstudenten).

Mathématics educators in Germany are now being heard in their request that
stochastic education be treated with the same intensity as other mathematical areas,
like geometry education or algebra education. For instance in the state of Bavaria,
mathemati¢s educators are planning to include statistical questions in all central
final examinations for future teachers. In several Bavarian cities (like Erlangen,
Regensburg, Miinchen, & Wiirzburg) courses in Educational Aspects of Stochastic



6 Future Teachers’ Training in Germany

(Didaktik der Stochastik) have recently been introduced in the regular programmes
of future teachers. In other states the introduction of such courses has been less
uniform, although many universities have reacted with enthusiasm to the Spirit of
innovation regarding the preparation of future teachers (of both primary. and
secondary schools) in statistics. Some German universities with strong gtoeups'of
mathematics educators have introduced regular special seminars for future teachers
on educational problems in stochastics.

3 The Special Situation of the Universities of, Education
in Baden-Wiirttemberg

A strong emphasis on statistics training of future teachers iSgbeing placed in the six
Universities of Education (Pddagogische Hochschulen) in“Baden-Wiirttemberg.
This type of university systematically combinesnstructiony in content knowledge
with instruction in pedagogical content knowledge. For the special case of
mathematics instruction this means thagfancourse; saygon arithmetic is taught in
parallel with a course on the peculiartties_of fostering pupils’ understanding of
numbers.

A close look at the situation of pfactising elementary school teachers shows that
up to now they have seldom had any statistical tfaining at all. The universities of
education are working to improve this situation. One of the forms in which teachers
are recently acquiring both content knowledge and pedagogical content knowledge
in elementary statistics and in basic prebability theory is by direct contact with staff
at the universities. This contact/h@ppens,in different modalities: on the one hand,
students of these universities perform theig practical training (Praktikum) in their
schools, and on the other handjteachers regularly participate in so-called additional
crash courses in specific educationalssubjects (Lehrerfortbildungen).

The experience at the®Universities of Education in Baden-Wiirttemberg is an
example of a successfulyconjoint action of university staff and teachers. Crash
courses on elenjentary statisfi€s and probabilities for future teachers of primary
schools are made pgssible by the openness of teachers. Teachers have, by and large,
been extremely helpful,“givifig interviews on their reactions to the new statistical
and probabilisti¢ topics in the mathematics curricula and on their personal progress
in implementing this.new content. Their frequent comment is that they would need
more time in_classforimplementing these topics in statistics and probability: it is
important to note, they say, that in spite of all the novelties in the curricula and all
recommengdations for early inclusion of statistical (and, to an even lesser degree,
probabilistic)practices, the number of hours devoted to mathematics in school has
femained unaltered. Teachers’ main concern has therefore been that they have to
steal” hours from the usual mathematical subject matters without impoverishing
children’s knowledge and training in those subject matters. This issue is crucial
because ‘the biennial evaluation tests, centrally organised by the Ministry of
Education, still mainly focus on arithmetic and geometry. The first evaluation tests
at the end of 2007 placed no emphasis on statistical ideas. This will change, as has
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recently been announced by the representatives of the Ministry who periodically

visit schools, although it is difficult to imagine statistics becoming preponderant, as
it should become.

4 Textbooks and Software

The introduction of the German version of the software Eathom (
Maxara, & Prommel, 2006) has fostered real-life applicatio i

software Tinkerplots (Biehler, 2007). Another importan
publication of the book by Biichter and Henn (20! in the Springer
Series for future teachers (Leharamtstudenten). Eic ogel have written a
book on elements of data analysis and probal the first years of
secondary school that will certainly have an 1 on statistical education in

ibution has been the

Germany (Eichler & Vogel, 2009). The commun ematics educators who
specialise in Stochastics in the German Society of s Education (Gesellschaft
fiir die Didaktik der Mathematik, GDM) ucial role in promoting a more

careful treatment of educational issuesfin s ic§ycourses for future teachers. In
this regard the periodical Stochastik i e, founded in 1979 and published by
members of this community, should be because it regularly provides
teachers and students with peer-refereed artic d excellent reviews of books and
materials devoted to educational aspects of statistics and probability in school.

References

Batanero, C., Burrill, G., Reading, SS , A. (Eds.). (2008). Joint ICMI/IASE Study:
Teaching Statistics in Sc the cs. Challenges for Teaching and Teacher Education.
Proceedings of the IC. ly and 2008 IASE Round Table Conference. Monterrey,
Mexico: International C sion/On Mathematical Instruction and International Association
for Statistical ation. w.stat.auckland.ac.nz/~iase/publications

Biehler, R. (2007). Ti
frither Sekundars

: Eine Software zur Forderung der Datenkompetenz in Primar- und
e supporting data analysis in primary and early secondary
le, 27(3), 34—42.

a, C., & Prommel, E. (2006). Fathom 2: Eine Einfiihrung (Fathom
berg: Springer.

=W. (2007). Elementare Stochastik. Eine Einfiihrung in die Mathematik
ufalls. (Elementary Stochastics: An introduction to the Mathematics of
). Berlin/Heidelberg: Springer. (First Edition 2005).

[eaching statistics in elementary and high school and teacher training. In

National Council of Teachers of Mathematics. (2000). Principles and standards for school
mathematics. Reston, VA: Author.



Chapter 7
An Experience on Training Mathematics
Teachers for Teaching Statistics in Iran

$

Abstract In order to have a more statistically literg iety, anian Statistical
Society, in cooperation with the Iranian Assgeiation ematics Teachers’
Societies, convinced the Ministry of Educatior ude statistics course in
the national high school curriculum. This chapte es/ some activities of the
Isfahan Mathematics House related to prepari ematics teachers to teach
statistics in high school. It may provide ountries in their efforts to
improve statistics education and prom: isti iteracy among their citizens.

Ahmad Parsian and Ali Rejali

1 Introduction

A large proportion of the general pepulation in Iran does not have a developed
sense of quantitative and stati oning, as seems typical in much of the
world. The teachers and, schgo 0 not encourage talented students to
continue their studies in tics. There is no awareness of the
usefulness of statistical rea ods. With lack of encouragement and
because of their ignorang he ortance of statistics in all walks of life, very
few talented students c @ statistics as their field of study at the university, and
very often statis,l r0 arried out by nonspecialists.

Attempts by the atistical Society (IRSS) to popularise statistical concepts
in Iranian society were cessful, so other organisations were asked to help. A
few statisticians stitutes responded. Some of the activities are listed in the paper
presented at the Joint ICMI/IASE Study Conference (Parsian & Rejali, 2008).

C. Batanero, G. Burrill, and C. Reading (eds.), Teaching Statistics in School
Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
DOI 10.1007/978-94-007-1131-0_7, © Springer Science+Business Media B.V. 2011
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Some statistical concepts have been taught in Iranian schools for the last
30 years, but they were either taught as a part of mathematics courses with emphasis
only on theoretical aspects or in a statistical methods course in other curgiculas, such
as social sciences (Parsian & Rejali, 1998). Prior to year 2000, theyMinistry ‘of
Education designed a new course in statistics (Rejali, 1997) that is"taught to all
students in the second or third year of high school, but the problem of‘lack of
specialists in statistics in the school system remains. Mathematics“teachers still
teach this course without being prepared to do so.

To make the goals of statistics education clear to mathematics teachers who are
teaching statistics, Isfahan Mathematics House (IMH) in coopetation with IRSS
started to prepare mathematics teachers to teach statisties. It was‘agreed that the
teachers who want to teach statistics should be familiar with statistical concepts and
methods and have some experiences with statistical, problems’ (Larsen, 2006;
Jordan, 2007). They should know the differenge between'statistical thinking and
statistical methods (Garfield, 2002; Sanchez & Blanearte, 2008), and the difference
between mathematical reasoning and statistical reasoningitMeletiou, 2003; Gattuso
& Ottaviani, this book). They should recognise that teaching statistics without the
involvement of students in various proje€ts.does not help students to learn the art
of statistical thinking (Melton, 2004; Kahn, 2005)..They have to raise awareness of
the importance of the subject (Gattuse, 2006), and they should believe in the
importance of using statistical softvare to de real/statistical analysis (Connor &
Davies, 2008).

Having agreed on the above constructs, the organisation of lectures and
workshops throughout the country gvas started, and expository journals accessible
to mathematics teachers published papers on statistical reasoning and statistics
education. In these articles, publieglectures and workshops, the usefulness of
statistics was illustrated by, explaining reaklife examples and discussing the abuse
of statistics and the differenceybetween statistical thinking and statistical methods.
IMH, in cooperation with the“"IRSS and the Mathematics Teachers’ Society of
Isfahan (MTSI), started@an annual team-based statistics competition among high
school students of Isfahan 4n 2006. Moreover, IMH, with the help of the Iranian
Statistics Reseafeh and Trainifig Centre (ISRTC), has developed an electronic site
in Farsi for the popplarisation of statistics (www.mathhouse.org).

2 Challenges forithe Pre- and In-Service Training
of Teachers

Meost of the statistics teachers in schools have a mathematical background but are
unfamilidr with statistical concepts, methods, and reasoning. Many teachers do not
havé anyfeel for data. An attempt to change this situation with some recommendations
was explained in a previous paper (Parsian & Rejali, 2008). Since there was no
proper in-service programme for teachers who teach statistics, many of whom did
not have a background in statistics, IMH developed lecture notes for mathematics
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teachers to help them understand the concepts of statistics and learn methods for
teaching these concepts at the school level. These notes have been distributed to
many mathematics teachers throughout the country.
IMH developed a programme in continuing education for mathematics
who want to teach statistics in schools or are already doing so. This p
first developed for mathematics teachers of Isfahan in cooperation_wi
was implemented in the summer of 2004 as a workshop with acti
the participants. During the workshop, the volunteer teachers w
programme worked in teams. The curriculum for the w
cooperation with teachers and statisticians. After observin
workshop, IMH in cooperation with the IRSS and
Mathematics Teachers’ Societies IAMTS) ran Worgop
teachers in eight provinces of Iran in the summe
readiness to run the workshop at other sites.

3 Follow-Up Observations

esses in promoting statistics
year, teams of high school

sessions of the Iranian Math i ducation Conferences (IMECs). Many
mathematics teachers, w istical knowledge, preferred to use any
extra time to solve mathe i
discussions on statistical asoning. Teachers developed enough
confidence so they now teer to coach teams of high school students for the
annual statistics comp . Teachers are also more willing to deliver talks on
statistical conc d and on probability at IMECs and the weekly
colloquiums of I ese observations led the other mathematics teachers’

societies to inVitei workshops in their provinces.

4 Futu S
c

is

stical goals for teachers, a complete follow-up study on the
e workshops on teachers should be done by IAMTS; the impact of
on students and general public should be studied by IMH; new
resources for/teachers and students should be published by IRSS; a forum for the
uld by developed by IMH to continue their discussions on statistical
teaching methods; teachers should be encouraged to participate in national statistics
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conferences; motivated statistics educators should be trained; and, finally, lessons

from other projects should be studied to expand these efforts to enhance statistics
education in Iran.
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Chapter 8

Reform Efforts in Training Mathematics
Teachers to Teach Statistics: Challenges Q

and Prospects
Enriqueta Reston and Lisa Grace Bersales . °

~N

Abstract This chapter describes some reformqE in Philippines on
the inservice training of mathematics and statistic . It presents the
Philippine experience as an example of how 4r als, government, and private
organisations work together to achieve reforms. gl some work developed
through a government-aided project involving ry mathematics teachers
and the institutional efforts of the Philip gsociation in the inservice
training of statistics teachers through is described. The challenges
encountered in these reform efforts basis for recommendations
towards improving the training and p athematics teachers to better
succeed in teaching statistics.

1 Introduction

For most countries, the t i
mathematics curriculum and 1

of, statistics at the school level is part of the
ore managed by mathematics teachers who
frequently lack specifi and preparation in teaching statistics (Batanero,
Godino & Roa, 2004; old)} 2008; Giambalvo & Gattuso, 2008). This is

particularly tlu‘ e e Educational System comprising 10 years of
elementary and se education where mathematics is the basic subject in
which statistical TO ity concepts are taught. Based on the Revised Basic

: P
Education Curriculum ofjthe Department of Education (DepEd), data organisation

cs Education Department, University of San Carlos,
us, Cebu City 6000, Philippines

e Philippines, Diliman, Quezon City, Philippines
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and graphical displays are introduced at the elementary level starting in Grade 3,
while probability and averages are introduced in Grade 6. At the secondary level,
the topics include probability and descriptive summary statistics. Only
science high schools and a few private schools offer statistics as a sep
usually an elective, in the secondary level.

As to preservice preparation of mathematics teachers, the tea
curriculum requires only one three-unit statistics course i
programme in Education, major in Mathematics (Commi
Education [CHED], 2004). Thus, individuals, privat‘
government initiate various reform efforts to enrich

rganisa
tics teachers’
statistical content knowledge and pedagogical skills. ‘ chap amines and

analyses two reform efforts directed towards the iﬁrvi of mathematics

teachers at the local and national levels. .

2 Local and National Reform Effor

ilippines. In 2007, some 200 elementary
Cebu City Government to enroll in a
customised 24-unit Certificat for Elementary Mathematics Teachers

aimed to enhance elemental
skills, assessment sche atics and communication proficiency, use of
technology in teaching, alues (Department of Education, 2007).

Among the e!t cou i s programme, Teaching Statistics for Elementary
Math Teachers an igatory Approaches in Elementary Math Instruction were
of particular interest t cs educators. In the first course, teachers’ statistical
agogical skills related to teaching basic statistical
concepts were through formal class discussion, interactions, and

1. Aside from coursework, teacher educators handling the courses
ast two class observations to monitor and evaluate how the teacher

teaching practices.
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2.2 The Training of Statistics Teachers by the Philippine
Statistical Association

At the national level, reform efforts were made by the Philippine Statistical
Association (PSA) towards more intensive training of statistics teachers. PSA is
the country’s only national professional association in statistics{“andpits reform
efforts are primarily done in collaboration with two government orgamisations,
the Philippine Statistical System (PSS) and the Commission on Higher, Education
(CHED). The main agency involved in statistical capaCityy building is the
Statistical Research and Training Center (SRTC), theyPSS trainingpdnd research
arm. Aside from training, SRTC sponsored the writing|of'teference material that
elementary teachers in various subjects can use {odillustrate thefuse of statistics
(Bersales & Patungan, 1999), a high school textbodk fer third and fourth year
high school mathematics students (Bersales, 2003)yand a tertiary level introductory
statistics book.

The PSA also examined curricular resoufces for statistics instruction by
conducting a nationwide evaluation of imtroductorypstatistics textbooks available
locally. The results were presented at ifs 2005 annual*conference with the theme
“Are We Teaching Statistics Correctly.to Oug, Youth?”. Based on the results, PSA
recommended improvements in (1)/the availability and the selection process for
better textbooks and (2) the competency“of statistics teachers. In line with the
second recommendation, PSA collaborated with SRTC and conducted a pilot
training of statistics teachers in 2007 (Philippine Statistical Association, 2007).
After a high satisfaction rating by“the pilot training participants, in 2008 the PSA
launched a CHED-funded natienwide course for statistics teachers named
PSA-CHED Training Course for CollegexTeachers of Basic Statistics. The course
included topics in probabilityand probability distributions, sampling distributions,
point and interval estimation, hypothesis testing and basic tests, and correlation and
simple regression, and previded hands-on computer sessions with exercises using
actual data. The course was,conducted in 11 different venues nationwide with 298
teacher-participants from '53.¢€0lleges and universities. Course evaluation by
participants yielded @sy positive results with a median score of 4.5 on a scale of
1-5 (Philippine Statistical Association, 2008).

An analysis of‘these reform efforts revealed that both programmes focused on
strengthening teachers’)l content knowledge and pedagogical approaches in
teaching statistics. Further, the development and review of curricular resources
used in teaching Statistics were also addressed. However, these two reform efforts
were carried outtby independent teacher training programmes at school and
university levels,and differed in their emphasis and orientation. The certificate
programme,for elementary math teachers was primarily aimed at developing
teachérs’ pedagogical content knowledge in teaching statistics within the school
mathematics Jcurriculum, while the training programme for college statistics
teachersewa€ more content-oriented. Further, the teacher educators who taught the
statistics course in the Certificate Programme are college statistics teachers who
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may not have benefited from PSA-CHED Training Course. Thus, there is a need
for coherent instructional design framework for teacher training that addresses

teachers’ professional development needs in more integrated ways.
3 Conclusions and Future Directions
The Philippine experience provides an example of collab«‘ion a ernment

institutions, professional statistics associations, academi itutions offering
statistics programmes, and teacher education institutions i rofessional
development of mathematics-trained teachers of statist weyer, the need for
coherent instructional design framework for teac‘tr inin tistics was also
revealed.

It is important that future actions contribute
with the global reform movements in statistics_g
procedural knowledge in statistics to conceptual %
and reasoning. Garfield and Ben-Zvi (2 p
professional development projects in I United States for preparing
knowledgeable and effective teach based on six principles of
instructional design described by McClain (2004, cited in Garfield &
nes of similar research-based
etter preparation of teachers.

ocal reform efforts
at shift focus from

policy makers about the state of statistics education at the school level. A suitable

approach might be the use of a arch, similar to that described by Arnold
(2008) where a community o as established in New Zealand to help
secondary mathematics te. eir statistical content knowledge and
pedagogical skills in respon in the statistics strand of the new 2008

New Zealand school mz@
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Chapter 9
Statistical Training of Central American
Teachers

M. Alejandra Sorto

$

Abstract The statistical preparation and traing Ti and secondary
teachers in two Central American countries, Pana ica, are described
and compared. Teachers in both countries that duate with a college degree
have several courses in statistics, but the purpos gurses is to prepare the
prospective teachers to do a senior research proje necessarily to teach the
subject. Primary teachers that graduate hool in Panama have no
preparation in statistics.

1 Introduction

Central American countries have just tecently started the process of developing and

implementing new educationa , which include, for the first time, the
teaching and learning of statistics i and secondary levels of education. As
a consequence, governments i ese countries are starting to make
important decisions with respe preparation of teachers. These decisions are

usually made based on irjical evidence due to the lack of human capacity to
carry out educational st and to the fact that some developing countries do not
participate in raati parison studies like the Third International
Mathematics and Study (TIMSS) and Preparatory Teacher Education
Study (PTEDS).

Rica governme that Costa Rican teachers had statistically significantly
higher score ers from Panama in all eight items related to statistical
e 2008). About 92% of the Costa Rican teachers could correctly
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Panama. Further, about 40% of Costa Rican teachers correctly answered items
measuring statistical knowledge for teaching compared to about 30% in Panama
(Sorto, Marshall, Luschei, & Carnoy, 2009). To better understand these this
chapter describes and compares the preparation and training of teachers/in s

in both countries.

2 Teachers’ Education ® °

In comparing teacher preparation between Panama and ta Ric e Table 9.1),
several general points can be made. First, all Costa Ric chers (Grades
1-6) have university degrees, while in Panama, te s can opt for a

Normal School degree (which is equivalent to with an additional
year of postsecondary training) or a universit
The statistical content course varies according

fferent institutions that
of prospective primary
teachers in Panama opt for the Panama take the Maestro degree,

which includes no statistics training.

Table 9.1 Comparison of degree type and statistica

Teacher possible degrees
(and y of
Teaching level university ‘training) Courses with statistical component

Panama Primary school M

None

(a) Descriptive statistics,

(b) Inferential statistics, and

(c) Quantitative research methods
ra (4 years) (a) Statistics,

(b) Probability, and

(¢) Quantitative research methods

e
e

Secondary scho jc

Costa Rica Prim’s 1 illerato (4 years) (a) Research methods and
(b) Teaching practice
icenciatura (5 years) (a) Research course,

(b) Quantitative methods I, and
(¢) Quantitative methods II

Secon 1 Profesorado (3 years) (a) Statistics and probability
c Bachillerato (4 years) (a) Statistics and probability,
(b) Inferential statistics, and

(c) Quantitative methods
Licenciatura (5%2years) (a) Statistics and probability,

(b) Inferential statistics,
(c) Quantitative methods I, and
(d) Quantitative methods II

~
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A primary teacher with a 4-year degree (Licenciatura) in Panama receives one
descriptive statistics course, one inferential course, one course in quantitative research
methods, and two mathematics education courses. Costa Rican primary teachess in a
4-year degree programme (Bachillerato) study statistics as part of @\ classtoom
research course, and those who take a 5-year degree programme (Liceneiatura) take
two extra quantitative research methods courses. The rationale for_the unusual, at
least when compared to the typical United States primary teacher ¢ducation, amount
of statistics content in both countries is because the degree of Licenciatura, by
definition, requires candidates to submit a research projectfor which;if agiantitative
method is appropriate, students are expected to use their statistical knowledge.

At the secondary level (Grades 7-11), mathematics{specialist teachers in both
countries receive considerable preparation in mathemati¢siandstatistics content. In
Panama, secondary teachers attend a 4-year programme (Licenciatura) with two
separate courses, one in statistics (non-calculugsbaseéd)-andyanother in probability
(calculus-based). In addition, they take one quantitative method course.

In Costa Rica, there are up to three levels of degreesitotrain secondary school
teachers depending on the institution of higher education. A 3-year programme
(Profesorado) requires one course in statistics and‘probability; a 4-year programme
(Bachillerato) requires in addition an inferential statistics course and one quantitative
methods course; a SY2-year programmey(Licenciatura) requires all courses of the
previous level with an additional quantitative methods course. Courses for secondary
teachers are more complete than those for primaryschool teachers. For example, the
statistics course is calculus-based with a focus on concepts related to mathematical
statistics and probability theory. Thefinference course focuses on sample techniques,
sampling distributions, hypothesis testing, and linear regression. Educational
research method courses also puf#angemphasis on quantitative analysis. In their
senior year at the university, prospective secondary teachers are also expected to
complete a research project (Zesis de grade)ias a requirement for graduation.

An effort to improve the secondary teacher preparation in statistics in Costa
Rica is a research project#€onducted by scholars in the Department of Mathematics
at the National University of /Costa Rica. They have examined the official
curriculum programmes, textbooks, and students’ beliefs about the learning of
statistics at the upper seeondary grades (Chaves, 2007). Chaves found that even
though teachers and studentsibelieve statistics is important, there is little emphasis
on statistics at the school level primarily due to lack of time and the absence of
statistical contentiin, national assessments. In order to help improve this situation
the Bachillerato and“Licenciatura programmes at The National University of
Costa Ricad offer an elective senior course on statistics and probability education.
This coursepincludes topics such as current issues and future perspectives,
epistémological Bfoundations, statistical reasoning and learning difficulties,
Statistieal curricula in the secondary school, and teaching techniques. Many of the
soutces listed in the bibliography are from statistics educators from Spain and
Latin America (e.g., Batanero & Godino, 2003).
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3 Teachers’ Professional Development

Both countries provide opportunities for professional development in

although required, only a small fraction of teachers attend.

In Costa Rica, however, a National Pedagogy Centre (Ce
Didéctica, CENADI) is in charge of the professional develepme
and secondary teachers. Costa Rican teachers have opportuniti
extensive professional development both during vacatiens
these trainings, CENADI contracts public univer
mathematics education to offer a series of courses. tedc ile courses held
during teachers’ vacations are voluntary, school ye ses are mandatory for
i e in certain areas.
Secondary teachers from Costa Rica participate es based on their areas of

and submit a yearly professional develg he Costa Rican approach
in Panama. The professional
development in statistics for seco
conducted by mathematics department focuses on training teachers to
teach statistics in an integrated way. The ific topics for the professional
development are derived from a suryey of what'the teachers perceive are the most

difficult concepts for the students Martinez, personal communication, January
27, 2010).
4 Conclusion N

Costa Rican teat"s ha portunities to study statistics during their teacher
preparation progra nd 1n their structured professional development activities
than their counte Nama. This could explain the different results on the
survey conduct Sortolet al. (2009) between teachers from the two countries
with respect to istical knowledge. The low scores on statistical knowledge
osta Rican teachers and about 30% correct for Panama)
fact that their preparation focuses on learning statistics for
purposes and not necessarily for teaching. Primary teacher
mes in Panama’s Normal School need to add statistics content
iculum, while secondary teacher preparation programmes, in both

Id benefit from offering a statistics education course like the one
ational University of Costa Rica.
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Part 11

Fundamentals for Teaching St

Statistics is becoming increasingly important to ’I
and more data available to inform decision-making’
those forming the decisions and those acting

enry, with more
data is utilised by

dgilable. The variety of

experiences in the teaching of statistics in cou the world outlined in
Part I shows that the importance of suc g recognised. Align this
importance with the changing focus i isti computation to inference and
a reconceptualisation of the teac i becomes necessary. This

addressed current problems in the tea
specificities such as teacher
training teachers and bui
organised into Joint Study

ing of statistics within school mathematics
urrent practices, empowering teachers,
collaboratigns. The proposed research questions,
provi landscape for researchers to address
in their conference presentatio ell as the planned topics that were addressed,
what eventuated in thes ntations was common underlying themes in relation
to fundamentals that we n to'be impacting generally on statistics education and
thus specificall , teaching and teacher education. Some of these
fundamentals, incl hnology, project work and assessment were the focus of
specific Joint St ut other fundamentals were not obvious in the Joint
e. These fundamentals have been brought together in
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C. Reading

Authors in this part propose certain fundamentals that impact on the way that
statistics is approached: appreciating the different perspectives on statistics that can
be taken as a foundation for teaching statistics (Chap. 10); strengthening the role
that probability plays in the statistics curricula (Chap. 11); and recegnising thé
differences between mathematical thinking and statistical thinking (Chap, 15).
Authors also give consideration to how these fundamentals can be supported‘during
teaching: taking a modelling approach for learning statistics (Chap. 12); using
technology to support new approaches to teaching statistics (Chap, 13); using a
project-based approach to better support statistical thinking (Chap»14); and
revamping assessment approaches to better measure statistical‘thifking (Chap. 16).

As a guide to a general approach to teaching statisticspBurrill and Biehler (Chap.
10) present four different perspectives that can be taken on‘theiteaching of statistics:
aframework for statistical thinking; statistics as a procesgdifferentfrom mathematics;
statistical literacy and stochastics. Teachers are advisedmto ,choose a specific
perspective to suit the needs of the context and“thelearners.“Based on four criteria
for deciding whether an idea is fundamental, Burrill andsBiehler present seven
statistical ideas that are fundamental to teaching in the mathematics classroom. They
describe the way in which mathemati€sw.and ‘statiStics approach each of the
fundamental ideas and suggest how eagh fundamental idea should be taught.

Focusing in particular on probabilistie, thinking, Borovcnik (Chap. 11) explains
that probability is a complex conCeptiandyis negded to deal with statistics. A
detailed interpretation of probability is providedifrom different perspectives that
have been taken over time: Laplacian, Frequentist and Subjectivist. Explaining the
present and predicting the future hage been critical aspects of life for centuries and
Borovenik elaborates on how these have been achieved by relying on divination,
causality and creationism. More(réeently, probability has developed as another tool
to aid in this process fuelling the debate of\randomness versus divination, causality
and creationism. Thinking probabilisticallyinvolves conflict between strategies and
intuition and is unfortunately oftefyneglected in teaching. Various arguments are
provided for challenging#these who hold the view that randomness does not exist
and thus probability does,not have a role in school curricula. These culminate in
suggestions to support the déVelopment of a significant role for probability in the
mathematics curricla.

Continuing the theme“of different perspectives on probability, Chaput, Girrard
and Henry (Chap. 12) prepose that using a modelling perspective to teach statistics
can achieve a symthesis' between approaches. More experimental activities and
more statistical software available in schools have led to choice when introducing
the concept of ‘probability but Chaput, Girrard and Henry warn that students must
still understand the difference between models and reality. They propose a three-
step edel for teaching modelling. However, there are difficulties in using models
in statistics Wwhen compared to using models in other areas such as geometry. For
example, the learning of statistics begins after naive conceptions have set in while
geometry leafning begins earlier; and when learning statistics, models are more
removed from reality, that is, more abstract, than in geometry. Teachers must be
aware that simulations are an artificial reproduction of the theoretical model of a
situation and that there will always remain the problem with justifying to students
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the equivalence of a computer simulation with real random experiments or pseudo-
concrete descriptions.

Impacting critically on the way that both teachers and studentsfapproach
statistics is the difference between mathematical and statistical thinking. Gattusso
and Ottaviani (Chap. 15) compare mathematical and statistical/thinking but
maintain that despite the differences statistics is currently taught as ‘part of
mathematics. Students need chances to develop statistical thinking and understand
how it is different from mathematical thinking. In fact, there are €ertain skills that
are utilised in learning statistics that contribute to more gffective learning of
mathematics, including: working within contexts; posing good'questiens; “rerouting”
logic during the analysis process; constructing representations; and‘€Ommunicating
results. Important implications for teaching are provided imeluding the fact that
while students are doing statistics they are alse’deing mathematics and that
assessment needs to be revamped to include methods’of revealing understanding.

With the increasing focus on statistics education MacGillivray and Pereira-
Mendoza (Chap. 14) point out that projects proyide andinvestigative context that
nurtures the learning of statistical thinking. Theypadvocate the use of a practical
framework to demonstrate and learn statigtieal thinkinggnamely a data investigative
cycle that incorporates stages: defining problem/planning; collecting data; analysing
data; and interpreting data is propos¢dibased¥on various other cycles. Samples of
projects are provided and MacGillivray‘and Pereira;Mendoza maintain that projects
that are suitable for use with students should b& used when training pre-service
teachers and in-service teachers so that the teachers will be more likely to use such
projects with their students.

The use of technology can provide strong support in implementing new and
different approaches to teaching statistics, especially the modelling approach, and
Pratt, Davies and Connor,(Chap. 13) eXxamine the affordances of technology in
teaching statistics. There are new, interesting and as yet under-utilised ways that
technology can be used to facilitatéllearning in statistics. These include using large
data sets that were previeuslyyunmanageable, and using dynamic digital graphical
representations to aid analysis. Various issues that discourage the use of technology
when teaching statistics are explained. For example, even if a technology-focused
curriculum encourages the use of technology, the assessment regime will ultimately
have a strong impaet on whether technology is used in teaching. One aim of teacher
training programmes should be to increase the technological pedagogical content
knowledge (TPCKy), of pre-service teachers so that they focus on technology as a
teaching tooland netjust on technology as part of course content. Various ideas for
encouraging such an approach are explored.

With thelehanging focus on what is important in the learning of statistics there
needs*to be changes in the way that this learning is assessed. Garfield and Franklin
(Chap,46) fecommend that teachers broaden the way they view assessment by
consSidering assessment of learning, assessment for learning and assessment as
learning when designing assessment tasks. They propose three foundational pillars
of assessment that should underlay all assessment design: cognition, observation
and interpretation. Principles are provided to assist educators to design statistics
assessment that complies with the requirements of each of these three pillars.



C. Reading

Recommendations include collaborative activities for assessment and opportunities
for pre-service teachers and in-service teachers to learn how to assess student
learning. Some issues, such as high-stakes tests and the use of tech
hinder the broadening of one’s view of assessment are considered.
Those responsible for teaching statistics need to consider the
presented in Part I as a foundation for reconceptualising how stati
presented to learners. While it is recognised that changing thog
underpin one’s teaching is challenging, Part II also presents
strategies to facilitate such change. With these fundam‘l S & op those
involved in statistics education should use the detailed i ion on teacher
knowledge, teaching and teacher training presented in to advance

a revolution in the teaching of statistics. .
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Chapter 10
Fundamental Statistical Ideas in the Scho
Curriculum and in Training Teachers
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Gail Burrill and Rolf Biehler

Abstract This chapter considers several perspm’e
statistics and summarises some of the literatuze, rel

particular looking at the relationship between p statistics. Adapting
criteria from the literature, each perspective is e dentify statistical ideas
that seem to be fundamental for understanding a able to use statistics in the
workplace, in personal lives, and as citizens® ext considers the possible
tensions between mathematics and statistics,in thesway each discipline approaches
these fundamental ideas and finishes i i

1ty al

1 Introduction

Documents such as the Princip
Council of Teachers of Ma
Statistics Curriculum (New
Standards for Mathematics in
2004) provide convinci
about the content thai
educators agree
using and interpreti
reasoning and s
supporting pro

ndards for School Mathematics (National
tics | , 2000), New Zealand Mathematics and

d Mini of Education, 2006), and the National
5-10 in Germany (Kultusministerkonferenz,
nales for why statistics is important and are explicit
uld /be in school instructional programmes. Many
importance for students to gain competence in
as part of critical citizenship and the need for statistical
in personal decisions, in the workplace, and in
ss in othet fields and disciplines (Franklin et al., 2005).
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In general, a vast difference in approaches to the statistics curriculum exists
among different countries, as can be seen by the discussion in the chapters in Part I
of this book (for example, Newton, Dietiker, & Horvath; Opolot & Opy
& Bersales). The preparation of teachers to teach statistics also v
Usually school subjects are aligned with university subjects in teach
teachers study the respective university subject in some depth. Statisti
often taught by mathematics teachers who have not had a specific ucation
themselves.

This chapter looks closely at what statistics educat(. nt, from
several perspectives, in describing a set of fundamental i statistics that
should be taught in school mathematics and that every nt sh ow by the
time he or she leaves secondary school. The chapte sg that part of this
learning is clarifying the distinction between ‘LH atic statistics, and
highlights issues related to these fundamental ideas o be addressed in
training both beginning and practising teacher cs.

To establish a base for the work, four perspecti chaepresent diverse ways
of thinking about teaching statistics, are describ Xt section.

2 Perspectives on Statistic

2.1 A Framework for Statistical Thi

One perspective is provided by Wild and Pfannkuch’s (1999) often quoted framework
that focused on the thought pro ved in solving problems in statistics. The
framework has four dime s: 1nvest1ga ive cycle, interrogative cycle, types of
thinking, and dispositions. f thinking, those specific to statistics
are recognition of the need for ansnumeration (changing representations of
data to increase underst. , teasoning with statistical models, consideration of

variation, and integratin istic§ and context. The framework was not intended to
illustrate how cci de cross grade levels.
The Wild and ch framework considers variability as the defining

ingredient in statistical reasoning. They quote Snee (1990, p. 118), who defined
statistical thin “thought processes, which recognise that variation is all
around us and p everything we do, all work is a series of interconnected
processes, andupi ing, characterising, quantifying, controlling, and reducing
variation portunities for improvement”.

ics as a Process Different from Mathematics

Another perspective that views statistics as a process for dealing with variability in
data is described in the Guidelines for Assessment and Instruction in Statistics
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(GAISE) K-12 Report (Franklin et al., 2005). GAISE is based on two beliefs the
authors claim distinguish statistics from mathematics: the centrality of random
variability or variability in data in statistics as opposed to the determini
of mathematics, and the role of context; in statistics context provi
whereas in mathematics context provides the opportunity for applic

The GAISE framework has four components, each formulated in of
variability:

* Formulate a question — anticipating variability Withou.hich n is not
statistical;

e Collect data — acknowledging variability by designi r S;

* Analyse data — accounting for variability using distributiens; a

* Interpret results — allowing for variability and '{in e data.

The conceptual structure of the framework is,co two dimensions: the
first is described in terms of problem-solving’p es, e the key processes
include posing questions, random sampling, des periments, comparing
variability among individuals and groups, assoc 0 variables, generalising
from sample to population, and distingtishi association studies and
experiments.

The second dimension of the fra
levels, reflecting an increasing s

ised of three developmental
e ability to understand and
to particular grades; each level
depth of sophistication in using

inherent in a context, measure ility, and induced variability with a focus
on variability within a . The s
abstract concept of variabi i
covariation. The third level de
in model fitting.

o &
2.3 StatisticalN

hance variability, and the focus is variability

A third perspec
instead of prod

t of statistical literacy, where learners are seen as users
ata or statistical results. Schield (1999) defined statistical
of arguments that use statistics as evidence. Watson (1997)
red hierarchy that set goals for statistical literacy: the ability to
§ic statistical terminology, (2) understand it in context, and (3)
s made without proper statistical justification. Gal (2002) claimed
al literacy needs of adults are to be able to (a) interpret and critically
ical information, data-related arguments, or stochastic phenomena

reactions to statistical information, such as their understanding of the meaning of
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information, their opinions about the implications of this information, or their
concerns regarding the acceptability of given conclusions. This work included the

identification of five necessary components for statistical literacy:
1. Knowing why data are needed and how data can be produced;
2. Having familiarity with basic terms and ideas related to descriptive s ;
d tabular

3. Having familiarity with basic terms and ideas related to gra
displays;
4. Understanding basic notions of probability;

5. Knowing how statistical conclusions or inferences are !eN

2.4 Stochastics .

teaching”, which is
omprising probability
ental ideas for teaching

stochastics that included probability; saj on and product rules for
probability; independence and compound/ | probability; equidistribution;
combinatorics; random variable and tions; simulation; sampling;
and the Law of Large Numbers. These ted'as fundamental because among

other things, they (a) are powerful as each he ate probability as a mathematical
theory; (b) can be taught at different levels in the curriculum, from primary school
to university, and students can progtess in formalisation and completeness; and (c)
appear in most random situations. A major difference between the frameworks for
statistics and stochastics is that s not describe thinking processes but does
describe concepts.
In general, stochastics a:
sense that probability has not
mathematical branch
phenomena, and decisio
of stochastics and statisti
Germany and som
Each of the a
well as statisti
between statisti

implications for what is taught in the
role of a servant of statistics but also is the
models nondeterministic relationships, random
der fincertainty (see Borovcnik, 2006 for a comparison
ing). The stochastics framework is influential in
uropean countries.

tives refers in some way to probability or chance, as
section elaborates in more detail on the relationship
ability.

tatistics and Probability

educators tend to say “not more probability than is needed for
statistics” (es£., Moore, 1997a). This point of view may be too narrow compared
general education if we take elements of probability literacy into
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account (see Borovcnik, this book). What counts is that inference in statistics is
based on probability, and many curricula make a distinction between statistics
without probability (descriptive statistics, exploratory data analysis), and
statistics with probability (inferential statistics). The latter is often taughtiat
upper levels after probability has been introduced. Both the stochastics and
statistical literacy perspectives identify probability, chance, as_central“in’ the
work of statistics. GAISE (Franklin et al., 2005) suggests that probability should
only be emphasised in the ways it is used in statistical thinking.

A fundamental idea in statistical inference is that empiricabdistributions have to
be interpreted and seen from the perspective of hypothetically:assumed theoretical
distributions. But a probability model is more thanijust a static' description
of a probability distribution over a sample space. Probabilityymodels signify
“data-generating processes” or data-producing “chance,setups®as Hacking (1965)
called them. According to the Law of Large Numbers'the theoretical distribution is
fictitiously identical to the empirical one when the Sample size equals infinity. Due
to finite sample sizes the theoretical distributign canneyer be established for
certain, and several models consistent with empirical{data may emerge. This
position has two implications.

1. Probability should not be taught “data-free” bufywith a view towards its role in
statistics. Probability models should béintroduced as models to predict real data
from random experiments and how empiricahdata may randomly differ from the
theoretical distribution even if this distribution is assumed to be true. Schupp
(1982, p. 210) once formulated an allusion to @ famous sentence of the philosopher
Kant: “Statistics without probability is blind, and probability without statistics is
empty” [authors’ translation] £Fischbein (1990) and Freudenthal (1961) offered
similar arguments.

2. Data analysis should notbe taught completely “model-free” but with a view
towards theoretical distributions and underlying processes.

Inspired by the work gf‘the 1970s with Exploratory Data Analysis (EDA), data
analysis without probability tookiroot at the school level and opened the road for
more genuine ddta analysis in'the classroom without the straightjacket of inferential
statistics (Tukey, 1972)y The emergence of EDA supported a view that “data
analysis” withoutgprobability is important because looking at data only with a
probability lens/may distort the message in the data. Tukey (1972, p. 51) stated ...
“‘data analysis’\instead<of ‘statistics’ is a name that allows us to use probability
where it is needed“and avoid it where we should”. On the other hand, Tukey
considered(inferential statistics as the next step after EDA.

The philesophical differences between EDA and other types of statistics received
little“attention (Biehler, 1994). However, the question of how early data and chance
shouldafid €an be connected in school has been tabled at curricular discussions.
Some researchers (e.g., Pfannkuch, 2006; Rubin, Hammerman, & Konold, 2006)
argued for the' need to develop a sense of informal inference prior to a more formal
approach:
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4 Fundamental Statistical Ideas

Given the above considerations as starting premises, how can ideas fun

allow the relationship between the mathematical and nonmathe
become perceptible, express universal features in ways t’

students, and describe ideas that are both meaningful fo idual mathematical
topics and something other than basic mathematical concepits.

Adapting Heymann’s criteria for fundamental ideas i ematics and Heitele’s
criteria for fundamental ideas in stochastics, the a s ter suggest that
fundamental concepts in statistics should share so mmonality within the
different perceptions or ways of thinking ab teac tistics, be able to
connect the discipline to other experiences in the d and to aspects of culture,
illustrate the structure of the discipline perhap pecific characteristics

across time as students mature in their atistics.
Based on the different perspectiv tatistics described above and
using these four criteria, the followij are suggested (with references to

1. Data —including types of data, ways of collecting data, measurement, respecting

book).
2. Variation — identifying and
(Sanchez, Borim, & Couti
general phenomenon o
the change.
3. Distribution — includi tions of tendencies (Jaccobe & Carvalho, this book)
and spread (Sanche i
reasoning a‘t sta
variables from t
(Reading & Canada,
4. Representatign = gra
including th
book).

variability to predict, explain, or control
. The term “variability” is used for the
tion” for describing the total effect of

ariables from empirical distributions, random
ical distributions, and summaries in sampling distributions
00Kk).
ical or other representations that reveal stories in the data
f transnumeration (Gonzélez, Espinel, & Ainley, this

structural srelationships generated from theory, simulations, or large data set
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approximations, quantifying the variability in data including long-term stability
(Borovcnik, this book; Girard, Chaput, & Henry, this book).

7. Sampling and inference — the relation between samples and the pop and
the essence of deciding what to believe from how data are collected\to
conclusions with some degree of certainty (Harradine, Bataner man,
this book).

Given that these ideas are critical for teachers to know a % in their
instruction, the next step is to consider how teachers, 'nde mathematical
ways of thinking, will come to understand them.

5 Teaching Fundamental Statistical Idea
in the Mathematics Classroom

ance, & Medina, 2006;
and statistics differ in
methods of reasoning,
tatistics is often taught in the
ests some ways within the current
o disciplines, statistics and
and differences (see also Gattuso

Many statistics educators (Franklin et al., 2005; R
Scheaffer, 2006; Gattuso, 2008) contend_that
their essential defining characteristics;
precision, role of data, and data collecfion
mathematics classroom, the discussi
culture of school mathematics in
mathematics, are alike and then points out ten
& Ottaviani, this book).

5.1 Bridging Between ics and Statistics
Opportunities exist within 't matics curriculum to build bridges to the

fundamental ideas in st in particular with respect to variation, association,
and modelling, and dev rmal notions of inference. One such opportunity
exists with the t iv to expand the concept of mathematical function
to model random ncies. Batanero, Godino, and Estepa (1998) suggested
that one of the t se in which judging association is important is scatter
plots (the othe being’ contingency tables and comparison of samples) and
recommend th iation be described in terms of intensity varying from
independenc nal relationships. If an association has been identified
between t variables, regression methods can be used to fit different types
tions to predict one of the variables (dependent variable) as a
o r. The adequacy of a mathematical model for a situation can
certainties to those in statistics. Categorical bivariate data analysis
articipation in athletics, for example) might be related to the
probabilistic siotion of independence and possible associations explored.

gi
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5.2 Tensions Between School Mathematical

and Statistical Thinking

Many topics that may on the surface look the same in mathematics/andystatistics
require very different types of thinking. The following relates tensions as‘relevant
to each fundamental statistical idea.

1.

Data: Data are typically used in mathematics classtooms ‘inhthe context of
“visualisation of numbers” and the study of functions, but the, workrarely reaches
the level of context-related reading between and beyond the'data,in the sense of
Friel, Curcio, and Bright (2001). Measurement is donewith standard magnitudes,
often without regard for error, and little consideration ishgivén to measuring
categorical attributes. Probability is developed“frofm, rules;“and data enter the
picture as an application of the rules rather than as a‘wayitoe develop the notions
of probability.

. Variation: Variation has a different nature in th€ two diseiplines. Mathematics is

often taught in school as being exact and precises Statistics is about “noise”, that
is, how to measure and control variability. Real‘datafin statistics are contextual,
containing uncertainty and error 4while data\in many school mathematics
classrooms are typically assumed topperfeetly fit’a mathematical model. The
teaching of functions in particular “oftenpundermines statistical concepts, for
instance, when data lie exactly on a function graph.

. Distribution: Distributions are developed in'the context of teaching statistics

only and do not evoke specific ténsions with concepts taught in mathematics.

. Representation: Statistics and mathematics differ in approaches to representations

of data in several ways includingfthexfollowing: most statisticians begin with a
graph; many mathematics¥students and teachers “crunch numbers” without
paying attention to a visualyrepresentation of the data; and while in statistics
different graphs or representations are used to identify different aspects of the
same data (transnumgration), graphs in mathematics are often used in showing
the same relationship in different representations (tables, graphs, and symbols).
Association and modelling relations between two variables: Cartesian coordinate
plots are typically used in mathematics classrooms only to draw graphs of
functions andmet as scatter plots for bivariate data. As alluded to earlier, the
potential forfusing mathematical modelling as a bridge between mathematics
and statistics, imgparticular to bivariate quantitative data analysis, is seldom
exploited;gen, the“contrary, the mathematics educators who do research and
developmentin mathematical modelling (Blum, Galbraith, Henn, & Niss, 2007)
often payjlittle attention to statistical aspects, in particular to the central aspects
of data in‘the'process of modelling. Data collection plays no systematic role in
going from a real situation to the mathematical model nor does comparing
mathematical results to empirical data. In such models there is no need for a
statisticaldlens, for example, to check residuals or think about how the context
mightrelate to the choice of a model.

Probability models for data-generating processes: Drawing random samples
from population data and sample-to-sample variation can be modelled with
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probability models. Moore (1997b) argued that when students study probability
with a formal approach, they will learn formalisms without understanding the
phenomena described by this mathematics. Therefore teaching probability has
to be enriched by broad phenomenological experiences, in which'simulation
can play a prominent role. However, this modelling applies énly to, those
samples “randomly drawn” from a population or from a random.allocation and
assignment. This fundamental aspect is often neglected in a typical'mathematical
treatment of probability, which then undermines statistical undetstanding. This
modelling will depend on assumptions, such as independence orequiprobability,
which do not always hold, and are often taken as given andnotite be considered
or checked.

7. Sampling and inference: As Freudenthal (1974) pointedyouty with regard to
sampling: what is important for statistics is sample-te-samplevariation and how
this variation decreases as the sample size inereasés-“Amlintuitive understanding
of this property can prevent students from believing in thelaw of small numbers,
an unrealistic stability of samples with “sprall? sample sizes (Tversky &
Kahnemann, 1971). The mathematical approach to “proportional reasoning,
however, often undermines the statisti€al.approach¥for reasoning from samples.
Percentages in mathematics are offen.applied\in simple contexts, where the
reference is set and the units are cléapand constantyCareful statistical statements
made about margin of error and/confidenee intervals are replaced by simplistic
“inferences” from “sample” to “population”,Jassuming a perfect proportional
relationship. Ignoring uncertainty and variabjlity, sample results are reported in
point estimates rather than integfal estimates in many media reports. Preparing
students for statistical thinking\requires that discussions in mathematics
classrooms make this differencerexplicit.

With regard to inference'there are the following tensions. In mathematics, deciding
what to believe is straightforwards conclusions follow deductively from definitions
and agreed-on principles. ln,statisties, reasoning is partly inductive, and conclusions
always uncertain. The degree of| faith in a statistical conclusion depends on the
integrity of the eatire inyestigative process, while in mathematics a proof makes
you certain. In statisties, how"the data were collected and the role of randomness
determines how you “eandimterpret the results, while in (pure) mathematics, the
reasoning is independent of the data. However, justifying the validity of mathematical
models requires feasoning\more akin to statistical reasoning than to reasoning in pure
mathematics.

¢ Preparing Teachers to Teach the Fundamental
Statistical Ideas

In nearly“all countries, statistics is not a separate school subject but is taught by
teachers of mathematics, and training for teaching statistics occurs, if at all, as a
“catch-up” in the form of professional development for practising teachers
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(Coutinho, 2008; North & Schieber, 2008). Prospective teachers often receive their
mathematics education training in mathematics departments and, consequently, the
education of teachers of statistics at the school level is oriented toWards the
scientific discipline of mathematics. Without some direct intervention in<theit
training, teachers’ “philosophy of mathematics” may create a temsion ‘with 'an
adequate “philosophy of statistics”. Cuoco, Goldenberg, and Mark (1996) deseribed
mathematical habits of mind that included multiple points of viewf mixof deduction
and experiment, emphasis on language, and willingness to conjecture, tinker, search
for patterns, guess, and visualise. What are the statistical habits ofimifnd teachers
and students should develop as they grow in their understanding ofithe fundamental
concepts in statistics? Resources to help think about thisjguestion might include the
principles that informed the work of the Quantitative Literaey Sgries (Scheaffer,
1990; Cobb, 1992; Rossman & Chance, 2004). Passible statistical habits of mind
are listed below:

» Use real data (call attention to variation and noise, pay attention to the source of
the data in deciding what to believe);

e Build intuitions (use simulations to ,generate Sampling distributions, predict
before calculating, ask questions abotit cliance based’on data);

* Begin with a graph (investigate ass@ciations, analyse different representations of
distributions, emphasise visualisation asya tool for learning about relationships —
both data-driven and mathematical functions),

» Explore alternate representations of data (eontrast what can be learned about
shape, centre, and spread of distributions ‘from different representations to
understand relationships and cofingctions among variables);

» Investigate and explore beforé introducing formulas (use simulations to model
probability distributions, allew-students to play with chance events and to
experience variability);

* Use student projects and experirhents fo engage students in doing statistics
(collect data to investigate questions, consider ways to reduce variability).

The preparation of teachers should not only include the fundamental statistical
ideas described @bove butshoiild also help teachers move interchangeably between
the two disciplines,/onseious of the differences and making links between the two
that enhance studeat learning’in both.

Several questions emerge for the statistics education community: The criteria for
selecting the fundamental statistical ideas were given earlier in Sect. 4. Do the set
of fundamental statistical ideas meet those criteria? Do these ideas give a sense of
the structure and characteristics of statistics? Do these ideas share some commonality
within the'different\perceptions or ways of thinking about statistics? Do these ideas
conneet statisticsifo other experiences in the world and to aspects of culture? Do
these idéashdevelop and deepen throughout the school curriculum? Are these
critéria the right criteria? What do we look for and what do we measure as evidence
of progress?

The bottom line, however, is how can we enable those who train teachers to
make visible the fundamental ideas in statistics, given the variations across
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countries in the constraints and conditions in which teachers are prepared? Part IV
in this book is about the challenges and experiences in training teachers to teach
statistics, and can begin to provide a framework to address this crucial e.
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Chapter 11

Strengthening the Role of Probability
Within Statistics Curricula Q

Manfred Borovcenik

Abstract This chapter illustrates probability as Qr f thi , which has its
own existence even without a theoretical study., Whi hinking is usually
omitted in teaching, it is deep-rooted. The s, of probabilistic models as
compared to other, possibly primitive approache to judge. This might

perfectly to real situations. This runs rrent trends to reduce the link
between probability and data to rel
interpretation seems to be required.
and probability for teaching statistics are de

ces’of such views on randomness

1 Introduction

In this chapter, philosophic sycho al issues related to the understanding
of chance and probability are and implications for teaching statistics are
discussed. The deliberati compass official and private conceptions. The latter
embed the concepts of mness and probability in a wider context, which may
account for thei‘c i .

As humans we out what we could have done better yesterday, and we
also care about we do for tomorrow. Like the child in Doris Day’s “Que
sera”, we refuse to acce at “the future is not ours to see”. We look for anyone
who can disma ture: astrologists, gurus, and statisticians. Consistently,
any concep ill be judged by the extent to which it contributes to
. Hereby, “prediction of the future” comprises predicting the

C. Batanero, G. Burrill, and C. Reading (eds.), Teaching Statistics in School
Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
DOI 10.1007/978-94-007-1131-0_11, © Springer Science+Business Media B.V. 2011
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unknown, that is, making inference about possible causes, or events in the past; it
also includes inference about an unknown population.

Teaching focuses on the interpretation of probability as relative fre
seen in curricula worldwide or in a famous discussion by Berry (1
(1997), Moore (1997), and Witmer, Short, Lindley, Freedman, and Sc
in the American Statistician. This approach is easier to understa
objective (Moore, 1997). Endeavours centre on the relationship
probability reducing probability to a subsidiary concept, which i
analysis of suitable (simulated) data-sets.

Randomness is a reservoir of phenomena, including u bility, lack of
patterns, lack of control over outcomes, and fairness. P ility 1 one concept
for dealing with randomness; as such it faces competi eptions. To ignore
private notions and to try to reach sound conc& SO0 possible hardly
convinces learners that their efforts will pay offiin t tochastic notions are
also intertwined with philosophical (Hacking ological (Fischbein,
1975) components, since intuitions play an emi the understanding of
concepts (Kapadia & Borovcenik, 1991).

The philosophical Sect. 2 summ ion of probability and
characterises randomness by three debates; ness—divination, randomness—
causality, and random evolution—creationi on thinking probabilistically,
elaborates five general features of . Finally, the educational situation
is reviewed in Sect. 4, leading to argume a strong role of probability in
statistics curricula.

2 Philosophy of Prob Paradigms of Science

The concept of probability ha ed only relatively recently and has received
different interpretations even today are subject to controversy (Batanero,
Henry, & Parzysz, 2005 is sgction, philosophical interpretations of randomness
are summarised. th ions debate and complemented by the concept’s
overlap with three “dimensions”: divination, causality, and creationism.

g Other Interpretations of Probability

rpretation of probability has grown in importance since the
oulli (1713/1987), which described a “theoretical” convergence
quencies to the underlying probability. However, there are more
ted interpretations; the following are two of the different types of
information for which probability may stand.

2.1 Freque

Objectivist information where probability is described by (1) proportions of
(equiprobable) cases, favourable to an event (Laplacian view); or (2) frequencies
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of an event in independent identical repetitions of a random experiment
(Frequentist view).

* Subjectivist information (Subjective view) where probability is descri
qualitative knowledge of the event, perhaps of experts (possibly transferr
similar contexts, or gained by assumptions beyond any scrutiny);
degree of confidence in the statement (event).

(1

Since the debates on the foundations between Bayesians (Su
objectivists (Barnett, 1973; Hacking, 1990), subjectivistiviews d their
way into applications with moderate positions (like Ber;

e 3).

information is available, it has a priority; if it is missing (o N
knowledge is used instead.
@ N
Early endeavours to take control of the future cted to the course of the
sun. Astronomy has been accompanied by astrology, ch is connected with fate.
Since the origins of astrology, predicti s been connected to devices,
which bear an element of rando Gods and Gambling, David
(1962) discriminated between two aspec tion: to explore god’s will and
to surrender crucial decisions to god.

In ancient times, randomness was personified by female gods like the Greek Tyche
who changed the course of action her moods. Fortuna, her Roman counterpart,
is complemented with Tustitia: with sceptre and sword, later with a scarf to blind her
eyes, she is the allegory of jus ess. Blindly drawing balls from an urn,

Tustitia was revived to sy 1se random Samples as fair, when statistics bureaus
justified random sampling t m census (Kiaer, 1899).

, qualitative

2.2 Randomness—Divination

explain the pres redict the future, and probability (with an objective view)
h of mathematics. At times chance was connected to deist
following references in Batanero et al., 2005):

ere” (Diderot, 1796/1983, p. 103);
.] future would not arrive with certainty, we cannot see how the
reator could preserve [...] his [...] omnipotence” (Bernoulli,

2.3 Randorﬁ% ity
With the Renai@ ausal paradigm emerged from astronomical issues to
a c

evident principle that a thing cannot occur without a cause which produces it”.
(Laplace, 1814/1995, p. vi).
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Causal approaches have the advantage that once one recognises the mechanism
of how a specific cause establishes the effect one can predict the future. Laplace
gave the first definition (based on equally probable cases) of probability; him
probability is merely a substitute for ignorance in an otherwise purely i
world. Probability gains a genuine position by the success in ther
the nineteenth century when macroscopic causal laws were explai by
models at the microscopic level. This encouraged theoretical
twentieth century to eliminate causality by referring it back to r (Styer,
2000). However, the dispute in the foundations is ongoin’e t es allow
a deterministic view on quantum mechanics (Diirr, Goldstein, ka, & Zanghi,

: .NN

of the

2.4 Random Evolution—Creationis

Another philosophical question is the relatic
creationism. If an all-knowing god exists
be reconciled with randomness and free/will. As randomness means unpredictability
it conflicts with omniscience. If g action of any individual in
advance, how may the individual 1? If no free will exists, no
responsibility can remain with the indi he debate between Darwin’s
evolutionary theory and creationism is similar t9 the causality-randomness debate
in physics. Is nature created by a supernatural being or has it evolved solely due to
random effects? Here and there the question can be put within a scientific debate
but has to remain unanswered.

3 Thinking Probabili
and Strategies

While mathematici
probabilistic mo
modelled, whic
To characterise
of probabilisti

: Competing Intuitions

e thinking probabilistically in terms of adequate use of
als are often faced with the context of situations to be
ssibly 1¢ads them in directions different from standard models.
i robabilistically is a genuine didactical task. Five features
are now elaborated.
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overseas conference one might be surprised. With highly surprising events,
however, individuals are inclined to think about alternative explanations such as
“God’s interference”. Similarly, “rare events” serve as a basis for ion in
statistical tests.

To consider probability as an index of surprise may explain so
paradoxes. According to the conjunction fallacy (Tversky & Kahne
people wrongly judge the conjunction of two “events” as more pfot an each
of the single events. This fallacy will not be elaborated here &
illustrate matters. An index of surprise might lead Wron,t
judgement for the conjunction if it is less surprising to se
together than a single event, which might happen if onedvent s

suggest the other one. .

ndirect

vents acting
to strongly

3.2 Feedback from Probabilistic Situ

with both spinners, and (b) playing on imes one might well lose all the
games with the left spinner.

people feel confronted with a one-offisituation. So how should one develop intuitive
thought on the merits of measuring suceess by relative frequencies on the long run?

player is in the same situa
speculation about underlyi
thinking rather than know .

If selecting the bette: on were always rewarding, then learning by trial and
error could correct misle ceptions. However, with random situations such
learning is missing. are perceived as artificial, as are the possibilities
to measure success! ive concepts might also fail; they might, however, have
once proven to b
is wrong? It is [temarkable that people tend to return to their previous unaltered
private concepti
Fischbein

ation: Why did &e lose? This prompts
ight lead to a preference for magical

developed the notion of primary (raw) intuitions, which are
evelop without formal education, and secondary intuitions,

ear also between intuitive interpretations and formal ones (acquired by
n children, such contradictory interpretations may annihilate the formal
..] It is recommended that the student should be made aware of his tacit
cts in order to strengthen the control of the taught conceptual structures over
intuitive ones (1987, p. 205).
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Fig. 11.1 Falk spinners

3.3 The Causal Alternative to Rando

A causal view of a situation is always a nati robabilistic perception of
it. Especially if conditional probabilitiesnare involved, causal perceptions are
reinforced. If one of two events m i ted as cause C and the other as
effect E, two sorts of confusion are’con . either the “cause” C is thought to
be independent of the “effect” E, or the co al probabilities are “reversed’:
P(C|E)=P(E|C). While the first is prompted in time-bound contexts, reversing is
popular in diagnostic contexts. Fop‘example, in the experiment of drawing twice —
without replacement — from the urn” with two white and two black balls,
possible questions (Falk & Ko are:

(a) The first marble draw
drawn is also white?

(b) The first marble dra id rom you and laid to the side. Then the second
marble drawn is w hat\is the probability that the first marble is white?

Causal thinkgi and time-bound; in (b) people are convinced that
what happened lat relevance for previous events. They equate missing
causal influence nce and answer 1/2; causal schemes seem to attract
more trust tha ic” probabilistic rules; the results were replicated by
Borovcnik and 0/2003).

In discussi ional probabilities P(X|D), Tversky and Kahneman (1980)
pes of situations: D as a causal event if it is perceived as cause
gngstic event if X is a possible cause for D. Faced with the causal
D)=0.99 of a medical test being positive given that a person has
eople tend to equate the diagnostic probability P(D|+) to 0.99; of
uch lower depending on the prevalence of the disease (Gigerenzer,
formula enhances the difference between causal and diagnostic
but it is hard to learn. Moreover, the usual development of statistics

is\the probability that the second marble
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leads to a violent clash as “prior” probabilities in this formula are genuinely
subjective and thus are beyond any frequency interpretation.

3.4 The Conflict Between Actions and Reflections

Operations and (future) actions are on a different cognitive leve
To ask a person to give an estimate of an unknown probabi
than to ask which of the options to choose if, for example,
illustrated by the Kahneman and Tversky (1972) exampl
sequences of coin tossing is the more probable: (a) H
In in-depth interviews, mathematics students — at t
the possibilities as equally likely (Borovenik & Bent

a be

003). But, when they
equel (a), accepting
unfair stakes of up to 2:1 (which amounts to a proba ).

The conflict between actions and reflections, Borovcnik and Peard
(1996), is connected to the outcome ap ? (1989), who explains a
i e context of tasks, which
allows a direct choice of an action i ing other information: “This
ing two general features: (a) the
d (b) the reliance on causal as

tendency to predict the outcome of a sin
opposed to stochastic explanations of outcome
1989, p. 65).

The question remains / comparatively easy task is disputed so much,
even by matherrﬁc' 0s Savant, n.d.). Why are people so emotionally laden?
Of course, experts the solution with Bayes’ formula; yet some still
refute it! Agai rcumstantial evidence that stochastic concepts are
hierarchically ked bélow other concepts. This statement is in accord with

to those the e the first 6 years of education (Peters, 2008).

ept probabilistic reasoning may be explained by the following

with our first choice, randomness has given us our part —
... If we change our choice and reject what fate has attributed to

take responsibility if we lose. We are inclined to surrender our own

sourced to divination. Now the outsourcing in financial markets has
changed to‘computer programs with poorly understood algorithms.
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4 Implications for Teaching

Implications for teaching include review of some issues from the
debate on the role of probability, listing of reasons for a strong role
and suggestions for addressing probability in teaching.

4.1 The Role of Probability in School Curriﬂs
An investigation among researchers within the didact ochastics (Nemetz,

i .

1997) revealed the following reasons for probz.i va from curricula
internationally: probability is (a) orientated too muc ds mathematics; (b) too
: ¢) only required to

be addressed by using
obability. Reason (b)
o clarify and understand
1ally, probability concepts
ich are “games”). Reason (c)
lity (see Sect. 4.2). In fact, inference
ies (see Harradine, Batanero, &

a
ba R

simulation and interactive animations when
neglects the influence of gambling and
such games is better than trying to ig
originate from games and insurance
ignores probability as a tool to inv
is included at high school level in som
Rossman, this book).

4.2 Joint Study Discus About Probability

The ICMI/IASE Joint Study nce focused on teaching statistics; yet the
presentations in Panel 2 | terplay of Probability and Statistics in Teaching and
in Training the Teache well as the presentations of Carranza and Kuzniak

enry (2008) “invited” the audience to explore an

(2008), and Ch‘, ira
agenda on probabil,
e Crucial issu a elling approach and the role of pseudo-concrete

models;
¢ Problems wit

uentist approach towards probability;

of approaches based on a reduced interpretation of probability;
. j obability and its potential role within frequentist approaches;

. ive of real applications and artificial situations;

[ pling including real sampling and simulation.

esponse to the first point relates also to the other points. Probability
is a complex/concept. To facilitate understanding, didacticians focus on models
which body the theory-like urns, or (b) come as close to the real situation as
possible and that are taken into reality via simulation and attain the status of real
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existence. In both approaches the difference between model and reality collapses;
resulting data is taken as factual, neglecting the circumstance that it is restricted to
the model used (see Chaput et al., 2008 or 2011, this book).

Here, a peculiarity of probability models is worth mentioning: t!
character. Even if models miss a perfect fit, some characteristics
from them for making decisions transparent. The case of taking out.an 1
policy for a car, discussed in Borovcnik (2006) is but one e hile the
frequency interpretation is useful for the company, because it al money
in the long run, it is irrelevant for the policy taker, because'it i ituation.
Interestingly, there is a solution to this problem without elici erson’s exact
subjective probabilities.

In technical systems, another example concerns t iability of units and
complex systems (Borovcnik, 2006). Two issues&a 1 whether there
is a link between probability of failure and data. First, is missing to estimate
the probability; if there is data, they result £r life tests and it is
speculative as to how to transfer to normal cond gcond, the assumption
of independence between units in systems is u able and there is hardly a
way to check it. Moreover, how does onéh of 10-'2? Beyond doubt,
such a value has more of a figurative

The following theses are
people who suggest that ra
allows one to think about_the
thinking, which might @
probability theo*This ate

probability’s role when opposed by
t exist. Randomness is a concept that
e have a strong affinity with other kinds of
directions different from those predesigned by
special challenges for teaching.

* Only in rare cas
a clear messa it

sults from data handling speak for themselves and allow
erring to probability.

abilistic thinking in contrast to logical, causal, or mystic
o clarify the abundance of personal thought will help to

could serve both as prototypes for modelling and for clarifying intuitions.
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¢ A restricted notion of probability as frequency in the long run ignores valuable
qualitative sources of information. Moreover, it hinders applications in contexts
of reliability, or risk, and impedes a sound interpretation of methods o
statistics.

¢ Probability is only one kind of approach to a problem, which mig
be solved by, for example, differential equations. This corrobor
probability models have more the character of scenarios.

e Clarification and demystification of conditional probabilit current
causal ideas is a prerequisite for understanding conc i statistics
like type I and II errors, or p values.

¢ Probability enhances the role of random samples fo
samples to populations. Moreover, inferential statistic
with conditional probabilities and a sound und

4.4 Perspectives on Teaching

Following are some arguments for a
curricula (a) probability is indisp
inferential statistics; (b) probabili type’of tool for modelling and/or
“creating” reality; and (c) probability offer of thinking, with which one can
reflect on reality. From these arguments one may see that to abandon probability
within the curricula means reducing the repertoire of intellectual possibilities.

The position of probability, within mathematics curricula is disputed as
probability seems to be ambig rone to private (and therefore officially
unacceptable) conception icians who teach probability strive for a
direct path to “clean” conc

* The didactical approachsha challenged such a view as inappropriate. By
learning only mathe e misconceptions remain unaltered, as we may
see from studies suc f Diaz and Batanero (2009).

e Chaputet al. expressed: “The construction of mental images relative

"7 To meet this problem, they suggested activities of

1s establishes a further source of problems as Carranza and Kuzniak
noted a tendency to avoid subjective views in teaching: “Thus the
is truncated: the frequentist definition is the only one approach taught,
udents are confronted with frequentist and Bayesian problem situations”.
They argued for a duality between the two aspects of probability, to reduce to one
aspect provokes special problems of comprehension on the side of the learners.
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¢ Yet another source of complexity for learning is the overlap between probabilistic
and deterministic reasoning. Ottaviani (2008, p. 1) referred to Fischbein in
accentuating that probability and statistics belong to a line of thoug ich is
essentially different from deterministic reasoning and continued t i
not enough to show random phenomena. To enrich the child’
experience, it is necessary to draw the distinction between what is ran
what is chaos”.

Modelling and simulation are the usual suggestions to ge witl ifaceted
character of probability. The arguments of Carranza an i ) confirm
that we need wider approaches if teaching is to be successful: ver, Girard

(2008, p. 2) remarked that “teaching probability by mod and simulation is not
easy [...]. The link between statistics and probal‘y iS S clarified [...]".
Ottaviani (2008, p. 2) considers the need for further 1 h, “as the risk could be
that [statistics and probability] continue not to erge ol and, worse still,
in our learners’ minds”.

Simulation or interactive animations may
mathematical sophistication. Simulation ;should : panied by the idea of a
which helps to explore it.
There is a need for a reference concept wi frequentist approach. In the

fundamental ideas. The ideas of Héitele (1975) are undisputed as the discussion by
Batanero et al. (2005) showed. iption of the named ideas clearly reveals
their didactic value. Yet, Heitel like the contents of a textbook reflecting
the aim to replicate the r-mathematieal structure. An outside perspective
addressing “What purpose neepts serve, what other concepts are available
for the task, and what an concepts fail to give?” is Borovcnik (1996),
who centres his “progr on information as key idea.

Probability isgignifi uliar kind of thinking, which is not preserved in
its mathematical*c oncurrent and overlapping modes of thought
interfere with it. Thi shows that modelling and simulation are only two
steps towards t ectionjto disclose probability as a cultural phenomenon that
may clear our t ht and clarify our expectations when we apply related methods
to problems und ainty”.

Batanero, C., Burrill, G., Reading, C., & Rossman, A. (Eds.) (2008). Joint ICMI/IASE Study:
Teaching Statistics in School Mathematics. Challenges for Teaching and Teacher Education.
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Chapter 12

Frequentist Approach: Modelling
and Simulation in Statistics

and Probability Teaching

Brigitte Chaput, Jean-Claude Girard, and Michel HefiEy

Abstract In this chapter, a question is posed aboug
approaches to the notion of probability, classicak(or

secondary teaching. Different conceptions of probabili
are considered, some didactical difficulties of thed option are underlined,
and the modelling view point is presented. A ¢ ription of a modelling
process of a random situation for teacher: ining dary teaching is proposed
and it is developed for the example of @ queue. Finally, the status of simulations on
computers in classrooms is clarified eir di

1 Introduction

bability in secondary schools has evolved
ally, this teaching was based on the
erged in the early eighteenth century
/1756, p. 1) in his Doctrine of Chances

During the last 30 years, teachi
considerably in many countries.
classical definition of probabili
and was notably defined by
(original text):

If we constitute a Fracti ereof/the Numerator be the Number of Chances whereby an

Event may hap tor the Number of all the Chances whereby it may either
e a proper designation of the Probability of happening.
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At the end of the twentieth century, the development of data analysis, the
evolution of mathematics teaching towards more experimental activities, and
the allocation to primary and secondary schools of computers withdstatistical
software has led, especially in France, to another fundamental epistemological
choice for the introduction of the notion of probability. This choice“is based ‘on
observations of the well-known phenomenon of the stabilisation_of the ‘relative
frequencies of an event associated with a random experiment whg¢n it4s pessible to
repeat this experiment a sufficiently large number of times. This\*8tabilised” value
is then considered as an objective measure of the probability, of this évent. Some
authors of textbooks propose this approach to give a definition;.called “frequentist”,
to probability (Renyi, 1992/1966, p. 25): “We will call\psobability“of an event the
number around which the relative frequency of the consideredyevent fluctuates...”

Thus, the notion of probability can be introduced'thzeugh these'two approaches,
which are not independent of philosophical options; objeetivist and subjectivist.
The modelling perspective achieves a synthésis between these two approaches.
Recent didactic studies have led to teaching based”on thisymodelling process using
simulations of models in statistics. Such a cheice neeessarily involves some
implications for teacher training.

2 The Modelling Perspective to'Link the Classical
and Frequentist Approaches in Probability Teaching

The link between the classical and frequentist approaches must be clarified for
secondary teaching (Garuti, Orlandonig & Ricci, 2008). In the twenty-first century
the French curriculum, likegthat of other countries, opted for a modelling
perspective: probability is a theoretical value of the degree of confidence that one
can give to a random outcome. Thisjprobability can be either worked out a priori or
issued a posteriori from gbserving its relative frequencies or estimated subjectively.
In this framework, to repsesent alrandom drawing of subjects from a population, a
probability distfibution of séme observable characteristics has the status of an
interpretative modeliofithe data which can come from a real observation of this
population. This_perspeetive’ concurs with the general process of contemporary
statistical thinking (Wild & Pfannkuch, 1999), which allows the application of
powerful theoreticalresults in correct mathematical conditions, notably in statistical
inferences or in data‘analysis.

Such a/didactie) choice links the classical and frequentist approaches of the
notion of probability. At the same time, it contributes to the learning of a modelling
process. The'confrontation between theoretical results obtained from an accurately
construetédmodel and an experimental reality is important in a scientific process
and'must therefore be present in a school curriculum. It is pointed out that in
statistics, mofe so than in other fields, it is possible to provide the students with
models which are simple enough to be easily understood. Teachers have to ensure
that students make a clear distinction between model and reality.
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Presenting probability with a modelling approach for mathematics teacher
training requires clarification of the modelling process which leads from an
observation of a random situation and its perception, to its desc
comprehension, and finally to its signification, according to the
described for primary teaching by Biembengut (2007).

subject of different
conceptions, objectivist and subjectivist, in a dualit acking (1975, p. 12)
pointed out:
It is notable that the probability that emerge: -faced. On the one side it
is statistical, concerning itself with stoch

it is epistemological, dedicated to asse rees of belief in propositions
quite devoid of statistical background.

¢ Classical or logical, based on physical considerations of symmetries in the
random generator or on similafities in the wording that describe the random
situation, which enables the e ‘probability to be given to such symmetric

* Frequentist, which co
experiment itself and a
random experiment is_tepeat
independence canno @ lea
accepted.

obability is included in the random
ed relative frequency when the same
ependently in the same conditions, but this
ly defined in reality and must be subjectively

On the other e subjectivist or Bayesian conception of probability
considers that the probal of a random event, or a distribution of probabilities,
is a personal degree of belief a priori put on a random situation, evolving with the
experimental da a conditional probability. During the Joint ICMI/IASE
Study Conference terrey, Carranza and Kuzniak (2008) presented the duality

modification of this a priori probability by referring to Bayes’ theorem.
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Even if it is not ignored by teachers, the subjective conception of probability is
rarely taken into account in basic probability teaching. However, Albert (2006)
proposed activities based on this conception and gave references for tea
the debate between objectivists and subjectivists. Moreover, mathematici
an axiomatic standpoint defining the probability as a mathematical
used to model random situations (Batanero, Henry, & Parzys 00
probability can be understood either as an intrinsic value in a ragdo
independent of the observer, or as a subjective value deh1 observer’s

knowledge, or as a theoretical value in an interpretative

So, we come to a fundamental didactical question: C introduce these
historical and philosophical controversies in the second achin probability?
4 Which Conception of Probabilit d .

Be Used for Secondary Teaching?

In the 1990s, the teaching of probability had to into account the rapidly
growing use of computers in data handling (Bichlerfpl 991), and statistical thinking
became an object of study that coul nored/in order to enhance citizenship
education, as stated by the official Reflecti ematics Education Committee,

presided over by J. P. Kahane, in its report he French Ministry of National
Education (2002, p. 53, authors’ translation):

statistical language with its pro
teaching of statistics is, by natur
a teaching about randomne.

ntax and semantics has to be learned; the
ith the teaching of probability, it is actually

Understandably, these ations link statistics and probability. The
tendency to teach prob through a frequentist approach has grown in many
countries, including Fr nce 1991. This objective conception leads to definitions
like the one giv.) Al yi, 1992/1966, p. 26, authors’ translation): “The
mathematical theo obability does not deal with subjective judgments; it
relates to objectivespro s that can be measured as physical magnitudes”.

As a result, different interpretations of the notion of probability are now

presented in sec ching:

1 value corresponding to the idea of chance, computable as
s an equally likely assumption somewhere; and

measurement obtained by the observation of a stabilised
iwericy when the same random experiment is repeated a large number
er the same conditions.

The French choice in secondary teaching is to adopt an objective conception, with
both classical and frequentist approaches inseparable, because focusing on
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» The classical approach only leads to reduce the understanding of probability to
the counting of elementary events and to the overuse of combinatorics;

» The frequentist approach only, because of its empirical nature, generatés didactic
issues like the confusion between the observation of reality (stabilisedfrequency)
and theoretical knowledge (probability).

In fact, the definition of probability given in some books or curpi€ulanguidelines
as a stabilised relative frequency raises serious epistemological problems,\because
one can only estimate a value of a probability through empirical frequencies and
cannot take this value for a definition of a mathematical objeets, In this approach,
reality and mathematics domains are confused.

A meticulous wording of the Law of Large Numbers, even in the/simplest form
of Bernoulli’s theorem, presupposes a mathemati€al definition¥of probability and
should not be introduced in a context in which model/andyreality are mixed up.

So, which approach would be the best to usépwhen teaching at the secondary
level? This question is all the more tricky. If a modelling approach is adopted to
teach probability, these different conceptions can be overcome by presenting the
probability of a random event as a theoreticalmiedel Jof a ratio of cases or a
stabilised relative frequency or a degregfof belief.

5 A Modelling Approach for Teaching Statistics
and Probability

Through scientific reasoning, fthe,_modelling perspective moves the debate
between subjectivists and objectivistsiback to the choice of the most relevant
probabilistic conception. Probability is then defined in an axiomatic way as a
theoretical object (Steinbring, [ 1991) hideally quantifying the possibility of a given
event, intuitively estimatedga, priori-calculated, or experimentally measured in its
practical uses.

The 14th International Cemmission on Mathematical Instruction Study (Blum,
Galbraith, Henn, & Niss, 2007) reviewed the situation about the use of modelling
and applications in mathematics education.

A presentatign®of a_model accounts for various levels of abstraction and
formalism. Firstfor a didactic purpose, some basic models may be presented in
relation to reality“by using everyday words. Then, the objects from reality are
idealised byfselecting relevant characteristic properties. In this process, one obtains
what we call pseudo-concrete models. This is the case for the two colours Bernoulli’s
urnimodel (Hensy,s2001a) which can be applied to a population (for example, in
situationsgefirandom sampling for polls) in which individuals have one characteristic
in, thé proportion p. A draw at random of one individual from the population is
represented by a draw of a marble at random from the urn. By definition, this ideal
urn cortains marbles “undistinguishable by touch” (as described in some problems),
which implies the implicit hypothesis: an equal probability of all the marbles in a
draw at random.
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Among different types of representations, mathematical language and
mathematical symbolism allow strong descriptions on which general properties and
algorithms can operate. These representations will be called mathemati els.
Below are described three steps in the didactic analysis of teaching @ mo
process: pseudo-concrete model, mathematisation and validation (H 1a).

5.1 Pseudo-concrete Model and Description‘ Re

The first step of a modelling process consists of describ e co e situation in
usual language and building up an experimental pro ntaining a set of
instructions to be followed in order to carry out a ime to reproduce it
under the same conditions, if necessary. This descri
hypotheses which are intended to interpret t!
use an urn model, then they have to decide that t
have the same chance of occurring.
Consider the example of a queue.
isolated and the frequency of such ap event in
neither on the time chosen for th eryati
A minimum theoretical knowledge’e
observations into working hypotheses. Fro actic point of view, this stage is
called a contextualisation of previous knowledge. In the queue example, it can be
assumed that the probability of a cdstomer’s arrival in a very short time interval is
quasi-null (rare event), that the arrival of a customer in a given period of time
depends only on its duration ( ous phenomenon through time), and that
two arrivals in disjoint intervals are in dent (phenomenon without memory).

ds to the creation of
jon. nstance, if students
epresent events which

arrival of a customer is
iven period of time depends
r on the previous arrivals.
sformation of these empirical

5.2 Mathematisa nd, Formalisation

tep of the modelling process: translating the working
otheses. Students are required to translate the
into a simplified and mathematical symbolic system, and
istics of the real objects which are idealised in order to
design a releya obabilistic model. For instance, for the urn model, the discrete
i 1 on an abstract set is used to model the situation.

ple, the work hypotheses are interpreted by formal hypotheses:
the probability of a customer’s arrival in the time interval
not depend on t (homogeneous phenomenon); let P(At) be this
supposes that P(At)/At tends towards a constant ¢ (the rhythm of
the arrivals) when At tends towards O (rare event); for this P, the customers’ arrivals
in two oint time intervals are independent events (phenomenon without
memory). These hypotheses lead to a Poisson model for the number of customers
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showing up in a time interval [0, T] and to an exponential distribution for the
duration of the waiting between two customers (Henry, 2001b; Borovcnik, Bentz,
& Kapadia, 1991).

5.3 Validation and Interpretation in the Context

The third, and final, step consists first in translating ghe mathematical results
according to the previous pseudo-concrete model, then givingithem a meaning to
create answers to the original problem in the real world, and then again comparing
these answers with the model hypotheses. Finally, the answers have to be put into
perspective to estimate whether the model was adequate for the feal problem. In the
previous example of the queue, one has to check whethemthe statistical data fit the
Poisson model in a relevant way.

6 Didactic Difficulties Linked to a Modelling Process

The French curriculum of the twentysfirst] €enturyyin statistics and probability
suggests the teaching of probability/1a‘modelling. This perspective is similar to the
construction process of the Euclidean modeliin géometry at compulsory education
level (Henry, 1999; Girard, 2004), because in both cases the starting point is the
observation and the description ofl real objects. In geometry, more so than in
statistics, it is easy to find modelling\activities in real situations that children can
understand. In this case, young€hildremdiscover real geometric objects, represent
them by geometric drawingsg(or on computer screens with dynamic geometric
software), then the propeftiesyof the objects are progressively drawn out and
idealised, and finally the mathematical objects can be defined as figures. This
conceptual jump generatg§difficulties for the students who gradually find out about
the scientific process. This modelling process is usual in mathematics education, for
example, the progressive building of different sets of numbers, or equations written
to solve concrete problems in which students have to choose unknown quantities.

Statistics and prebability belong to a different context compared to geometry,
and have been treated differently over time. In France, the first difference is that
geometry teachipg@pstarts at elementary school and lasts 10 years, while statistics
and probability_teaching (unlike in other countries such as United States of
America, United Ringdom, Spain, Brazil, and Australia) starts only at the end of
middle school and i the first 2 years of senior secondary level, when students have
reached the“agesyof 15-16. Naive conceptions have been settled already in their
minds asfthéperception of randomness which is not univocal and is linked to many
différent beliefs (Kahneman, Slovic, & Tversky, 1982; Lecoutre & Fischbein,
1998). A late/introduction of probability in secondary teaching conflicts with these
naive conegptions. So secondary school students often have misconceptions about
probability (Batanero & Sanchez, 2005).
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The second difference, in France, is that most of the geometry problems are
posed and solved in the Euclidean model context. A model is seldom used to treat
practical problems; at best it concerns pseudo-concrete problems and mostyef the
time the associated modelling is already completely detailed for students. On thé
contrary, in almost all statistics and probability applications, the moédelling stage
has to be present. Exercises are presented in a concrete packaging and.their contexts
are close enough to the learning situations involved to enablé the students to
transfer them to usual probability distributions. If the learning pegiod is tog short in
time, there is a strong risk that such an approach may not make,sense:to the students.
In spite of these difficulties, the French curriculum has taken uip,the modelling
perspective. For example, the official guideline for Grade 11 (16-17-year-olds)
edited by the national French experts group on_mathematics school curricula
(Groupe d’Experts sur les Programmes Scolaires) gives thisidefinition (GEPS,
2001, p. 68): “One will make the list of the elementaty“mathematical properties of
the object ‘distributions of relative frequenci¢s®andyone will define a probability
distribution as a mathematical object which has the’same properties”. The following
comment is also provided:

Modelling a random experiment means @$Soctating a “probability distribution with it.
A frequency is empirical: it is calculated fromsexperiméntal data, whereas the probability
of an event is a ‘theoretical value’.. /Thanks| tompractial examples, students should
understand that modelling means chooSing a probability distribution.

7 Simulations of Models imthe Teaching of Statistics
and Probability

Modelling is also present in vasious simulation activities. Simulation is an artificial
reproduction of a theoretical modelof the Situation (Girard, 2004; Parzysz, 2009),
analysing its behaviour ifresponse to input variations, and eventually planning the
consequences of similariehanges within a real context. In the past, when building a
sailing boat a scale modeliwasimade some months in advance to follow during the
different building stageés,and to anticipate any possible failures. Similarly, for
manufacturing anaircraftwind tunnel tests are made on a scale model of a plane.
The training offastronauts’and plane pilots makes use of flight simulators that
include theoreticalymodels of foreseeable incidents.

Currently_in, statistics teaching, computer tools allow, for example, the creation
of numerogds sample simulations based on probabilistic models of populations and
the_determination Of various parameters through a frequentist approach, or the
testine- of some Jtheoretical models by comparing their behaviour with the real
observedidata.

But the status of a computer simulation in class must be analysed, according to
Mills (2002)4and its didactical pertinence must be discussed, according to others
(Burrill, 2002; Zieffler & Garfield, 2007).

In many countries the statistics curriculum for students of different ages
introduces simulations, but the term simulation involves more than what is actually
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required from the students: representing the outcomes of a concrete experiment.
Accepting this restriction does not raise the problem of a subjacent theoretical
model necessary to achieve the task or even reveal the absence of this médéhin the
students’ minds (Parzysz, 2009). Thus, in simple situations such as thsowing dice’,
equal probability is implicitly accepted and associated with a uniformidiscrete
distribution which is supposed to control the random numbers used“in’ the
simulation. However, no theory of what uniform distribution megns has previously
been developed with students. In fact, the designing of a simulation requires a
minimal knowledge of probability, particularly about probability distributions, that
students do not actually have.

For example, a set of values of a physical quantity isygenerallyimodelled by a
normal distribution, as long as the variations spread around akeenttal value and are
coming from measurement subject to errors or other zandoni“causes. The normal
curve is then a model for a histogram of the siraulated datay

The question is how to justify to students:theyequivalence of real random
experiments or pseudo-concrete descriptions with a’compliterysimulation, judiciously
programmed from a theoretical model. The equivalence is ensured by the fact that both
experiments are relative to the same probabilistic modeljjJas€oncept not yet available to
the students. Another question is how tg'interpret the sampling fluctuations observed
in the repetition of the simulation. Without answers torthese two questions, teachers
are in a difficult didactic situation./This didactic igconsistency is identified in the
French curriculum guideline (GEPS, 2001, p..72,7authors’ translation), which gives
teaching tips for Grade 11: “The respective positions of modelling and simulation will
be briefly clarified: modelling consists of associating a model with experimental data
while simulating consists of producingdata from a defined model”.

In modelling, the Law of LargegpNumbers plays a decisive role. Use of the
computer allows students to weork quickly'en large statistical series, and thus helps
them to understand this law, Yet, using a cemiputer for its mere power and speed for
the sake of presenting a wide rangejef new random experiments is not satisfactory.
The didactic interest of Simulation lies elsewhere: in the analysis of the random
situation, the design ofwmodel hypotheses, and their translation into computer
instructions that{are necessary'betore simulations (Parzysz, 2009).

8 Implications for Teacher Training

As for other mathematical notions, statistics knowledge and probability knowledge
are rooted/in everyday life. Modelling is an essential process and the introduction
of basic probabilistic notions raises specific issues as described above. Students
meet a new difficilty when they have to link probabilistic notions to reality. The
probability theory taught in a finite context is very simple but its abstract model
component is not direct, particularly in the somewhat artificial situations presented
in schools. Modelling is a critical stage in the use of the probability theory,
especiallydin the different statistics applications.

The construction of mental images relative to randomness is delicate. In order to
create these images, it is necessary to present activities in a random context to
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students right from the start of primary school. Later, links between statistics and
probability can be established. As for geometry, the sequence could be observation,
description, model building, reproduction, and representation of randome ents.
The techniques of descriptive statistics are used to analyse and communi
results of these experiments. The notions of sampling fluctuation an could
then be progressively constructed.
Teaching statistics and probability at secondary level still faces
(Girard, 2001), which teachers will only be able to overcome a more
in-depth focus in postgraduate and in-service training. Sptrai ould deal
with different approaches to randomness, the epistemologi is of the concept
of probability and current research about didactic
management of modelling and computer simulations i
populations in the classroom (Batanero, Burrill,

an, 2008).
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The Role of Technology in Teaching
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Abstract In this chapter the merits, or otherwise,q ing te ogy in teaching
and learning statistics are considered. The a that technological
advances offer to teachers of statistics and the at er their widespread

use in classrooms are summarised. When statisti' atistics they get involved

with far deeper concepts and carry out activi equire a wider range of
cognitive skills compared with just ap It seems that pedagogic
developments have not kept pace software design, in that the
opportunity to use computers to eng full statistical enquiry cycle
is not being exploited. The authors beli egifining teachers must be exposed
to such opportunities if they are to appreci key role that technology could
have in facilitating the development of students) understanding of statistics.
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of our existence but w es technology have in the teaching and learning
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technology in the teaching and learning of statistics, recognising however that those
potentials are mediated inevitably by many factors, including inter alia software,
tasks and teaching approaches. Harradine (2008) has noted how in thedateyl990s
statistical investigations began to incorporate real and large data sets as computers
managed the number crunching. However, he has expressed concernhat éven now
pedagogy in statistics education appears to have not moved on. This chapter
explores some of the opportunities technology offers teachers gf statistics while
remaining alert to the issues surrounding their use. The authors’ emiphasis ‘s similar
to that of Goldstein (2003), namely, that it is not goodienough telomly consider
which technology to use, but that, in order for effective learning to,take place, it is
how the technology is integrated into the curriculum andpléarning process and how
the teacher uses it that are vital. In this chapter, we focuspboth on the use of
computers themselves and some specific softwaretools:

2 What Does Technology Offer Teachers of Statistics?

This section discusses the special opportunities for teaching statistics that technology
offers teachers who aim to provideieh learning eXperiences for their students.
Ben-Zvi (2000) proposed the following'categeries of software: statistical packages
(tools), microworlds, tutorials, resources (including Internet resources) and teachers’
metatools. The discussion below considers five jmportant affordances for teaching
that might accrue should these categories of software be more widely adopted.

2.1 Using Representations as Dynamic Tools for Analysis

Traditionally, graphs are ySedto report data, often through displays and presentations.
Exploratory Data Analysis {EDA) encourages deep interaction with data typically
supported by the sort of immediate graphical representation of data that can be
generated by computets,, Computers thus enable representations to be used as
analytical tools duting an ifivestigation rather than only as presentational tools
at the end of the investigation. When graphs are used to try to make sense of
data during analysis, the representations need to appeal to an intuitive sense
of position, spread‘and’outlying values. One example is the hat plot in Tinkerplots
(www.keypress.com/x5715.xml), designed to appeal to students’ intuitive notion
of a modal elump(Konold et al., 2002). Similarly, Cobb, Gravemeijer, Bowers,
and MeClain(1997) developed their mini-tools as part of an intuitive infrastructure
withinafleaming trajectory for statistical ideas based around the affordance of
comiputer software to enable dynamic manipulation of images and numerical
data. McClain (2008) reported teacher use of these mini-tools to develop ways of
thinking ‘about distribution.

There are forms of representation that are as yet underdeveloped. For example,
the manipulation of multivariate data might be better supported through digital
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technology. Ridgway, Nicholson, and McCusker (2008) reported on the development
of new web browser tools (www.dur.ac.uk/smart.centre/) for displaying up to six
variables for the easy exploration of complex data sets.

2.2 Expressing Personal Models

Statistical analysis involves the creation and use of models that'desetibe the data
arising from the phenomenon in question. Teachers of statisties might therefore
involve their students in the activity of expressing personalymodels'that attempt to
capture the inherent structure in a situation. In this way, students might embrace the
full cycle of statistical enquiry (discussed in more détail later) threugh the stages of
reality description and pseudo-concrete model, mathematisation-formalisation and
validation (Henry, Girard, & Chaput, 2008).

Computers offer flexible tools that empower the levels of expressiveness needed
to develop models that fit data. In EDA, students @xpressitheir own informal models
for the data by searching for trends and patterns in the,data, a process often referred
to as expressive modelling (Doerr & Praft, 2008). New-developments in Tinkerplots
promise to provide a graphical probabilistig,language to model the generation of
data sets (Konold, Harradine, & Kasak, 2007). Teachers could use the software as
an authoring tool in which they build medels,for students to explore or as an
expressive tool in which students build their own'models of phenomena.

It is only by engaging with models that students might become tuned towards the
uncertainty in the model (Chatfield; %995). There are opportunities here to compare
the logical necessity of mathematics ahd the vagaries of statistics. Biehler (2008),
for example, has argued that the“automatic graph plotting, now available through
computers and graphing ‘€alculators fitted with data logging devices, offers a
natural platform for discussing idealiséd mathematical functions alongside processes
containing noise as in statistical sitwations. Early work in this area was done by
Ainley, Pratt, and Nardi/(2001), who proposed a pedagogic technique called active
graphing, in which students_carried out experiments to generate noisy data.
Comparison betweenithe data‘artsing from the manual data collection and the smooth
mathematical functions_atising from digital representations raises the issue for
discussion abougthe difference between mathematical and statistical data and the
role of mathematical fungtions as models underpinning data. However, in teaching
statistics we should¥always bear in mind that, in building models for data, the
insightful cefament of Box (1979) that all models are wrong, but some are useful
is highly relevant:

2.3 4 Exploring Models

There are‘anumber of key statistical concepts with which teachers expect students to
engage. Expressive modelling might provide opportunities for students to appreciate
the utility of those concepts in specific contexts but expressive modelling is
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unpredictable and cannot guarantee engagement with any specific concept. An
alternative is for models to be built into the computer software and used to generate
simulations that can be explored by the student, who might see the geal=world
phenomenon through the mathematical model (rather than see the model through
the data). Integrating simulation into teaching can have positive benefits'by allowing
students to experiment with data and statistical distributions (Garfield & Ben-Zvi,
2007, 2008; Engel, Sedlmeier, & Worn, 2008). Such approachés are referred to
as exploratory modelling (Doerr & Pratt, 2008). The computational power is
directed towards providing feedback according to the in=bujlt model in’response
to the action of the student.

Simulations have been used to help students bridge ambiguous statistical concepts.
Some examples are Engel et al. (2008) on explained and unexplained variation;
Kadijevich, Kool-Voljic, and Lavicza (2008) on sampling distributions; Abrahamson
and Wilensky (2007) on different epistemological perspéetives for probability;
Prodromou and Pratt (2006) on determined and stochastic causality; and the Winton
programme for the Public Understanding of Risk (www.understandinguncertainty.org)
on absolute and relative risk.

2.4 Storing and Processing Real,Data

Digital technology facilitates the use of large‘data sets through its capacity for
data storage, easy retrieval and umiversal availability thanks to the increasing
use of idealised data formats. Data‘sets enable the analysis of data drawn from
situations that are meaningful tofstudexnts.

One of the most significant developments for schools in this respect has been
the development of CensusAtSchool (Connor, Davies, & Holmes, 2000; Davies,
Connor, & Spencer, 2003)."On theyRoyal“Statistical Society Centre for Statistical
Education (RSSCSE) webisite (www.censusatschool.org.uk), there are over 30
databases containing 1.3ymillionresponses of real data, collected from learners in
five countries, agdilable for sampling.

Hall (2008) describéd,her use of CensusAtSchool with elementary teachers. She
noted that although the“datapsets were powerful, it was equally important to have
available a dynamicstatistical analysis software, such as Tinkerplots. Web-based tools
that allow the inthitive graphing of data sets, such as the tools in CensusAtSchool
(www.censusatscheol.org.uk/get-data/datatool), are increasing in availability.

Real dafa“sets ‘present issues that are often not present in sanitised data. For
example, difficult'numbers, errors in data and missing values are all qualities of
datadthat mightibe’ avoided in carefully prepared situations. At some point in a
gtudent’sgeducation, these issues need to be confronted since they raise important
questions about the limitations, scope and reliability of inferences that can be made,
as well as techniques for handling the problems (for further discussion of using real
data inStafistics education, see Hall, this book).
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2.5 Sharing and Communicating

Ben-Zvi (2007) has argued for the creation of statistics courses usin

of their students.
Nolan and Temple Lang (2007) showed how a 1;19& data set
(9,000 email messages containing 30 variables for eac sed to teach

statistical practice in a dynamic document environment. Actions allowed by the live
worksheet include interacting with the data, modifyifig,i
and exploring a range of analyses. By allowing
interactive, the authors demonstrated how it could be
might do in carrying out a statistical investigation. ence they aimed to provide
a problem-solving environment in which prag % sticians and statistical
researchers work so that educators/teachers could e effectively teach students.

document to be
t what a statistician

3 Issues Regarding the U nology in Teaching

and Learning Statistics

the way people consume statistics, the speed
roduce statistics and how statisticians do
er of technology as described above to
d students learn statistics (Chance,
007) reflected on experience in using

It is true that technology has chan
and efficiency with which rese
statistics. We might also exp
change the way people
Ben-Zvi, Garfield, & Medi

technology in statistics educati een 1992 and 2007 and commented that ...
as amazing and inspiring technologies may seem, none of them have any
educational effect witho ly constructed curriculum and talented teaching”

(p- 2). In fact, t i ing is such a complex process that the very power
that creates potenti tic change comes hand-in-hand with a set of issues
that threaten to c the possible development. Five of these issues are elaborated.

3.1 Te ay Not Prioritise the Use of Technology

tters is what students learn but there is little statistics education
t teachers using such technological tools (Chance et al., 2007).



D. Pratt et al.

more emphasis on enquiry and investigation, and using new forms of technology
appear, on the face of it, to be time-consuming and so demand a commitment to a

pedagogical approach that many teachers may not share. Q
3.2 Curriculum Specifications May Not Support
the Use of Technology

Teachers’ priorities might be influenced by curriculum s ion. However,
there is much variation in the use of technology bet the s cs curricula
that schools follow within and between countries. In ia, example, all
curriculum documents include emphasis on the u hno ut the extent to
which this enables statistical data investigations,depe e assessment regime.
A common technology used in Australia is the ics calc r, but the flexibility
in the Queensland system is seeing more school, s¢ of a combination of
computers and graphics calculators than in othe

3.3 Assessment Methods M,
the Use of Technology

Even if the curriculum encourag
examinations may be more important
anything else. The actual curricu
by the assessment regimeyi
it remains the case that e
For example, in Queensla

the use of computers, teachers realise that
their students and the students’ parents than
erienced by students will always be driven
dagogic guidelines. In many countries
do not allow the use of technology.
essment for senior school is school-based
centrally moderated asse; ; it 1S mandatory in mathematics (including statistics)
to include alternative as ent§ such as investigations. In contrast, the emphasis

in New South es is ntirely on a final statewide exam and this has
probably contribut e lack of progress in developing students’ statistical
conceptual understandi achers who consider the use of technology in their
classrooms ma congerned that their students will not develop practices that

transfer to such

>

examination contexts.

ay Not Re-skill

achers may not have benefited from the use of computers in their
heir own experience of being taught is unlikely to have included the
edagogy that Chance et al. (2007) have claimed flow from technological
advances, including balancing the role of computers and non-technological
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environments for teaching how to “unlock stories in data” (Pfannkuch, 2008). Garfield
and Ben-Zvi (2007) have supported exposing teachers to innovative software,
such as TinkerPlots and Fathom, to enable them to explore data. The i ion is
that exposure during teacher education might motivate teachers i
experience on and engage their students in statistical investigations
similar software.

3.5 Technology May Not Be Used to Teach Sta Concepts
but Instead May Reinforce Emphasis omyComp on

Technology as a productivity tool has been concge eveloping faster and
faster ways of processing data to calculate routigéland/or icated statistics and,
more recently, with processing very large database pwevern, the way statisticians
do statistics also involves planning the investigal ting data, processing,
analysing results and drawing appropriate,conclu iott, Davies, & Gibson,
ss' that, when teaching the
subject, processing and analysing results 1Sy art of the statistical enquiry
cycle. The way that computers can s is on modelling as well as on
analysis, as discussed above, could ens ents do not lose touch with the
statistical thinking necessary to do statistics they use technology.

4 Challenges for Teac ation

It has been argued that techn ersar of affordances that could revolutionise
statistics education but there sons why that transformation has not yet
happened and indeed @ never happen, except in certain pockets of good
practice. For a ber ‘ofyfcars; statistics educators have proposed that the way
statistics is taugﬁgl e.changed (Stuart, 1995; Chance et al., 2007; Marriot
et al., 2009), and tHa to begin is in teacher education.

4.1 Immersing Beginning Teachers in the Use of Technology

O

% g Statistics

ported on the difficulties teachers face due to their own lack of
owledge of the best use of technology (Reston & Bersales, 2008)

that they themselves were taught (Ball, 1988). When new teachers teach areas in
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which their own conceptual knowledge is weak, they have been shown to revert more
readily to those methods they themselves experienced as a learner (Sedlmeier &
Wassner, 2008). The use of a wide range of technology can present prébléms for
beginning teachers, who are accustomed to a certain style of instruction (Healy &
Hoyles, 2001). Immersion in the use of technology for statistics educatiomshould
therefore be a major feature of any teacher education course. However, ‘teacher
educators should first explore the many ideas being put forward by researechers and
developers (Batanero, Godino, & Roa, 2004).

4.2 How Might Teacher Educationalists Deploy, Technology?

Immersion, though, must involve the full statistical“enquity cycle as discussed
above. Using modern software to express apd.explore models of real data sets,
such as those available through CensusAtSchool gwouldiexpose weaknesses in the
beginning teachers’ own statistical knowledge imya nonsthreatening environment.
Since Lee and Hollebrands (2008) repofted that'teachers’ decisions about using
computer tools were often based on knowledge gained during their teacher education
courses, it is reasonable to suppose thata modelling approach in teacher education
courses might enable the developmént'of a more sophisticated understanding from
the exposed weaknesses. This immersion in‘the use of statistics software in teacher
education courses is of vital importance due fo the gearing effect on eventual
student learning of statistical ideasiand because teacher educators have potential
influence over many students who later become teachers.

4.3 What Might Beginningyleachers Learn About Statistics
Through Using Techunology?

The aim of such“Tmiersion“in teacher education would be to enhance teachers’
technological pedagogical eentent knowledge (TPCK) (Lee & Hollebrands, 2008),
distinguishing bgtween technology as course content and technology as a teaching
tool (Habre & |Grundmegier, 2007). Learning how the special characteristics of
technology might be integrated into teaching to support learning of statistical
concepts cafiibefeonsidered a key aspect of TPCK. Pfannkuch (2008) stated that
teacher educatorsimeed both to build teachers’ statistical concepts and to make
teaghers awarelof how students’ conceptual understanding may develop.

The foeus on EDA, supported by technology, can aid beginning teachers
themselves engage with statistical concepts and the whole statistical investigation
cyele; helping/them to reach a higher level of conceptual understanding of statistics
before eensidering how they might use technology in their own teaching, thus also
enabling students to understand statistical concepts.
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5 The Way Forward

alerted in Sect. 3 can be shared and avoided, and ﬁnallQ
the final section above can be met. Research is needed and evaluate

ing
such developments in teacher education and to help, under d measure
the presumed consequent gearing effect that results e way that teachers
influence many students in their courses. .

References

Abrahamson, D., & Wilensky, U. (2007). Lear es an g tools. International Journal
of Computers for Mathematics Learning, 3-55.

Ainley, J., Pratt, D., & Nardi, E. (2001). No. ild activity to construct meanings for
trend. Educational Studies in Mathem, -146

aper 88—1). East Lansing: Michigan
State University, National Center for Research on er Education.

Batanero, C., Burrill, G., Reading, C., & Rossman, (Eds.) (2008). Joint ICMI/IASE Study:
Teaching Statistics in School Mathematics. Challenges for Teaching and Teacher Education.

Batanero, C., Godino, J., & R ining teachers to teach probability. Journal of
Statistics Education, 12(1).

Ben-Zvi, D. (2000). Toward unders e role of technological tools in statistical learning.
Mathematical Thinking rning, 2(1 & 2), 127-155.

Ben-Zvi, D. (2007). Using romote collaborative learning in statistics education. Technology
Innovations in istics ioft, 1(4). Online: repositories.cdlib.org/uclastat/cts/tise/

Biehler, R. (2008):“Fr iteracy to fundamental ideas in mathematics: How can
we bridge the ten er,to support teachers of statistics. In C. Batanero, G. Burrill,
C. Reading, &

Box, G. E. P. (197, in the strategy of scientific model building. In R. L. Launer &

bustness in statistics. New York: Academic Press.

Chance, B., Ben-Zv eld, J., & Medina, E. (2007). The role of technology in improving

in statistics. Technology Innovations in Statistics Education, 1(1). Online:

o/uclastat/cts/tise/

eijer, K. P. E., Bowers, J., & McClain, K. (1997). Statistical minitools. Nashville,
anderbilt University and Freudenthal Institute/Utrecht University.
ies, N., & Holmes, P. (2000). CensusAtSchool 2000. Teaching Statistics,

da Ponte, .\ P. (2008). Preparing teachers to meet the challenges of statistics education.
In C. Batanero, G. Burrill, C. Reading, & A. Rossman (2008).



D. Pratt et al.

Davies, N., Connor, D., & Spencer, N. M. (2003). An international project for the development of
data handling skills of teachers and pupils. Journal of Applied Mathematics and Decision
Sciences, 7, 75-83.

Doerr, H., & Pratt, D. (2008). The learning of mathematics and mathematical
M. K. Heid & G. W. Blume (Eds.), Research on technology in the teaching a
mathematics: Syntheses and perspectives. Mathematics learning, teaching and'p
pp- 259-285). Charlotte, NC: Information Age.

Engel, J., Sedlmeier, P., & Worn, C. (2008). Modelling scatter plot data
metaphor: towards statistical literacy for pre-service teachers. In C.
C. Reading, & A. Rossman (2008). Q

Garfield, J., & Ben-Zvi, D. (2007). How students learn statistics 18
research on teaching and learning statistics. International Statistic 5(3), 372-396.

Garfield, J., & Ben-Zvi, D. (2008). Preparing schoolteachers nts’ statistical
reasoning. In C. Batanero, G. Burrill, C. Reading, & A. Ross

Goldstein, R. (2003). Integrating computers into the tea
(Ed.), Teaching mathematics in secondary schools — A rea
Open University.

Habre, S., & Grundmeier, T. (2007). Prospective méa
technology in mathematics education. Issues in the Unde
of School Teachers: The Journal, 3. Online: www.k-

Hall, J. (2008). Using CensusAtSchool and Ti
statistics teaching and learning. In C. Bata

Harradine, A. (2008). Birthing big ideas in the
& A. Rossman (2008).

Healy, L., & Hoyles, C. (2001). Software’t
pitfalls. International Journal of Computers atical Learning, 6(3), 235-256.

s. In L. Haggarty
9). Milton Keynes:

views on the role of

athematics Preparation

cading, & A. Rossman (2008).
C. Batanero, G. Burrill, C. Reading,

International Journal of Co
Konold, C., Robinson, A., Kh:

tical Learning, 12(3), 217-230.
., Well, A., Wing, R., & Mayr, S. (2002).

Association for Statistics ationy Online: www.stat.auckland.ac.nz/~iase/publications
Lee, S., & Hollepfands, K% (2008): Preparing to teach data analysis and probability with
technology. In C: ~Burrill, C. Reading, & A. Rossman (2008).
Marriott, J. M., Davies, , E. (2009). Teaching, learning and assessing statistical problem
solving. Journa ] ducation, 17(1). Online: www.amstat.org/publications/jse/
McClain, K. (2008). The evolution of teachers’ understandings of distribution. In C. Batanero,

G. Burrill, C. . Rossman (2008).

Nolan, D., & Temp . (2007). Dynamic, interactive documents for teaching statistical
practice. jonal Statistical Review, 75(3), 295-321.

Pfannkuch, M raining teachers to develop statistical thinking. In C. Batanero, G. Burrill,

Qossman (2008).

att, D. (2006). The role of causality in the coordination of two perspectives
n within a virtual simulation. Statistics Education Research Journal, 5(2), 69-88.
tat.auckland.ac.nz/serj/

ales, L. G. (2008). Reform efforts in training statistics teachers in the Philippines:
nd prospects. In C. Batanero, G. Burrill, C. Reading, & A. Rossman (2008).
Ridgway, J. Nicholson, J., & McCusker, S. (2008). Reconceptualising ‘statistics’ and ‘education’.

In C. Batanero, G. Burrill, C. Reading, & A. Rossman (2008).



13 Technology in Teaching and Learning Statistics

Rubin, A. (2007). Much has changed; little has changed: Revisiting the role of technology in
statistics education 1992-2007. Technology Innovations in Statistics Education, 1(1). Online:
repositories.cdlib.org/uclastat/cts/tise/

Sedlmeier, P., & Wassner, C. (2008). German mathematics teachers’ views on statist
In C. Batanero, G. Burrill, C. Reading, & A. Rossman (2008).

Stuart, M. (1995). Changing the teaching of statistics. The Statistician, 44, 45-54.




Chapter 14

Teaching Statistical Thinking Through

Investigative Projects Q

Helen MacGillivray and Lionel Pereira-Mendoza °
®

Abstract Projectsinvolvinginvestigationsareideag sfo entengagement,
for learning problem-solving in context andpfor ‘s ising components of
learning. They are also a natural environme¢ statistical thinking
through experiencing the process of carrying atistical data enquiries
from first thoughts, through planning, collecting loring data, to reporting
on its features. In addition, they foste a arning, provide learning
opportunities for students of all abilities a ional levels, and can facilitate
rich information for teachers as they
considers the benefits of the data inves

0cgss in a project-based approach.

1 Introduction

e increasingly important in a society
emands for evidence. Hence the need
across all levels of education has grown and
ry which will place even greater demands on society
for statistical capabilitie ughout industry, government and education.

The past tv. ca seen considerable discussion, research and
developments acro els of education to meet the challenges of facilitating the

t

learning of statisti g and reasoning. These have included data-driven
approaches, mote emphasis on data production and the measuring and modelling of

that relies more and more o
to develop statistical skills an
is of core importance in
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variability (Moore, 1997), real data and contexts, and generally a more holistic
approach that reflects the practice of statistics. The emphasis in creating environments
for learning has been on active learning, hands-on experience and problem-Solying.

Although gathering and interpreting data, and statistical thinking pervadeé
everyday living, disciplines, workplaces and research, they aré“remarkably
challenging to learn and teach. Data are inherently messy, and interpretations of
models and analyses, from the very simple to the most complex, fequire jadgement
and understanding dependent on assumptions and context, but avoiding susceptibility
to context “intuitions”. Whether considering development ofzschoel eurficula and
resources, or pre-service and in-service programmes for teachersjthe learning and
teaching of statistical thinking require gradual building uplefconcepts, understanding
and skills, in a coherent, consistent and cumulatiye way thatyengages students in
real contexts and authentic learning experiences."This _is antongoing challenge
requiring cooperation and contributions from statisticians, @ducators and teachers.

The term “statistical thinking” will be used here with“the broad meaning of
making sense of information in which variation and/er uincertainty is present. It is
thus inclusive of chance and data, which shouldbe regarded as intertwining and
interacting elements of statistical thipKing. Sectiohg2 outlines some of the
commonalities in frameworks that havé been advanced for statistical thinking and
how it is learnt experientially. Some Ofithe shared eléments include focus on what
statisticians do in the process of dadta inyestigations, and on articulating this. The
statistical investigative process is often deseribed as the data investigative or
enquiry cycle, and this is increasingly emphasiged as a vehicle for both statistical
problem-solving and learning statisfical thinking. The key elements of the process
and some articulations of it are described in Sect. 2 and the stages of two
articulations provide the structarésfonsSects. 4—7 in discussing the value of its
explicit use in learning and teaching statistical thinking.

One context in which a desesiption of theidata investigative cycle was advanced
was the United Kingdom (UK) National School Curriculum in the mid-1970s.
Holmes (1997) described®thedintroduction and development in the final 2 years of
school study in the UK} of 4 comipulsory project to encourage a more holistic and
practical approach)to_ statistics] reflecting what statisticians do. The project-based
approach is ideal for the,statistical investigative process, and Sect. 3 outlines the
approach of learning statistical thinking within the vehicle of the data investigative
cycle. Referencgis made to this approach throughout Sects. 4-7. Section 8 provides
a small selection of,examples of practical and accessible projects that have proved
of value in engaging'students and teachers in developing statistical thinking within
particular stages ofjin the full process of the investigative cycle.

2, _Statistical Thinking and the Data Investigative Cycle

As stated,| the term “statistical thinking” is used here in an inclusive and
encompassing sense as envisaged by the analysis of Wild and Pfannkuch (1999).
The framework of their model for statistical thinking is that of empirical enquiry,



14 Teaching Statistical Thinking Through Investigative Projects

and aims to generalise and synthesise from a combination of the literature and
qualitative research into the approach and thinking of professional statisticians and
statistics students during the process of investigating and solving real, Waguely
described problems. The authors comment that they are “not conegrned with
finding some neat encapsulation of statistical thinking” (Wild & Pfannkuch, 1999,
p. 224), nor do they address the full spectrum of statistical thinking. Their focus is
on what professional statisticians do in solving real problems involving the need for
modelling and analysing context information, uncertainty and datayDimension one
of their model is an articulation of the data investigative ‘€ycle.

This is also the focus of Cameron (2009) in a paper written from the viewpoint
of training collaborative research statisticians. Qameron e@mmented on
Chambers’ (1993) description of what statisticians do_asy.greater” statistics
involving three components: preparing data (imcluding plamming, collecting,
organising and validating); analysing data; and presenting,information from
data. In adding an initial stage of formulating aiproblem so‘that it can be tackled
statistically, and another possible stage of researching thejinterplay of observation,
experiment and theory to develop new methods, Cameron’s (2009) model of
what professional statisticians do in the fractice of statistics is not only consistent
with dimension one (the investigative cycle) of\Wild and Pfannkuch’s (1999)
model of statistical thinking, but alsoneeflects.dimeénsion two of their model in
the types of thinking fundamental/o ‘statistics. These include recognition of the
need for data; changing the representationt@ assist understanding and problem-
solving; investigating variation; reasoning with statistical models; and incorporating
statistics and context.

Thus an expression describing the\data investigative cycle provides a practical
framework for demonstrating andileamning statistical thinking. Exact descriptions
of the cycle vary slightly but all share common concepts and structure. Cameron’s
(2009) description was basedyen descriptions by professional statisticians. Wild
and Pfannkuch’s (1999) deseription is the Problem, Plan, Data, Analysis,
Conclusion (PPDAC) c¥elevadapted from MacKay and Oldfield (1994) that
reflects the statistical process (see, for example, Shewhart & Deming, 1986). The
description of the)data-handlifig cycle that featured in the UK National School
Curriculum since atleast the mid-1970s (Holmes, 1997) has become the Plan,
Collect, Process,Discuss (PCPD) cycle that is at the heart of the extensive
pedagogies andfresources produced by the Royal Statistical Society’s Centre for
Statistical Educatien (wWw.rsscse.org.uk/). Marriott, Davies, and Gibson (2009)
included a mapping of the problem-solving approach of the PCPD cycle onto
Bloom’s taxonemyof the cognitive skills of educational objectives as revised by
Anderson ‘and Krathwol (2001). A mapping of the learning objectives of this form
ofsthe~cycleontora two-way classification that combines the cognitive and the
knowledge dimensions of Anderson and Krathwol (2001) is given in www.rsscse.
orgluk/gca/doe/PS Atwowaymap.pdf

Statisticianis and statistical educators are increasingly emphasising the
importanee|in statistical education of including all stages of the investigative cycle,
particularly those that produce data to be investigated — those that involve identifying
the problem or issue, planning the investigation and collecting the data — and the
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stage of interpreting the results of analysis or exploration of the data in context.
That is, the stage described as “analysis” in the PPDAC description, or as
“process” in the PCPD description, should be taught as part of the ovegdll'process
of statistical thinking. Such emphasis requires not just real contexts and real'data;
but placement of components of learning within an overall frameworK representing
whole and complex problems needing the full gamut of the knowledge dimension
in statistics of Anderson and Krathwol (2001): factual, conceptual, procedural
and metacognitive.

3 Projects and the Investigative Cycle

Thus statisticians and statistical educators adyocate“enquiry, and investigation
approaches in the development of statistical thinking, and use of the investigative
cycle as a framework. Learning experiences, sarall“orilacge, can be couched in
terms of investigating real problems with real datayand can'be explicitly embedded
in the framework recommended for the dévelopment ofstatistical thinking. That is,
learning experiences can target parts r all of the investigative cycle — the key
pedagogies are emphasis on investigation andwidentification of the stages of the
investigative cycle in problem-solving.

Holmes (1997) identified and discussed the advantages of projects in statistics
as natural vehicles for the data investigative cyclg and holistic experiential learning.
Although the context is senior schodl, the comments could equally well apply to all
levels of education across and beyond, schooling. Projects may vary in size and in
the time allocated to them, but aréi¢haracterised by incorporating a whole process
from identifying a problem @r issue of imterest through to presenting a report.
Holmes (1997, p. 156) described a projectsas)a piece of work “that would start with
defining a problem, collecting the appropriate data, analysing the data and drawing
appropriate inferences. Adlithis was to be presented in a written project report of
about 15 pages”. Statistical/projects, whether large or small, provide experiential
learning of stafistical invesfigations. Such learning brings together concepts,
knowledge and skills imieontexts that can engage and motivate students as well as
teach them about the nuances of statistical thinking, the vagaries of data and the
challenges of communicating interpretations in context.

This also applies, within teacher education, and as the use of projects is also
accepted as_an_integral part of school learning experiences, the use of data
investigation projects is ideal to develop both statistical understanding and
pedagogy 'fon teachers. Associating the statistical investigative cycle with projects
will“assist in‘edueating teachers to teach statistics, as the cycle may be used to
CapturegStatistical thinking within a pedagogical framework of active learning
through projects. For example, the PPDAC form of the data investigative cycle is
being used i an ongoing study designed to understand primary school teachers’
experiences as they develop confidence in teaching statistical enquiry (Makar, 2008).
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The projects discussed in Holmes (1997) are free-choice data investigations in
which students identify their topic to be investigated, plan and implement a data
collection strategy to investigate the topic, explore and analyse theigfdata, and
produce a written report. This is often a group project because the task needsya
group at all stages, particularly in free-choice data investigations in identifying the
topic, planning, and collecting the data. The strong sense of ownership also
facilitates teamwork as the project moves through the full procesgfof datathandling,
exploration, analysis (if appropriate), interpretation and reporting im,context. At all
educational levels, such projects are advocated for experiential learfiing of the
process of statistical enquiry, because they capture the challenge$yef turning ideas
and questions into plans for investigation, the practicalities and messiness of data
collection and handling, the essentials of choosing and wsingpstatistical tools, and
the synthesis of statistical interpretations in real and‘aughentic contexts. As students
move from primary school through the secondary scheolileyels and beyond, the
same general approach is followed, but the“level, of statistical sophistication
increases and the level of teacher direction decreases.

A significant impetus for learning is student \@wnershipi— of the ideas, the data
and therefore, the analysis (MacGillivragl998, 2002;5€hance, 2005; Lee, 2005).
If students do not choose the topic tobe investigated or if the topic and data are
supplied, then teaching strategies need, to, addressy student engagement in the
problem and all the stages of the ddta inyestigative/Cycle. No matter what the size
or restrictions of a learning experience, what'makes it a statistical data investigation
is its placement within the process of statistical enquiry. That is, if a learning
experience focuses on part of theldata investigation cycle, it is important for
students to understand where it,fits“and, if possible, at least consider the other
aspects of the cycle relevant to théltopic:

Sections 4-7 below censider learning, experiences within the stages of the
statistical investigative cycle as,discussedgin Sect. 2, referring to the descriptions
PPDAC and PCPD of the data‘investigative cycle, as these are probably the best
known. Section 4 considefsthe Problem and Plan stages of the PPDAC description
and the Plan stage of theyP@€PD description. Section 5 considers the Data stage of
PPDAC and the(Collect stagefof PCPD. Section 6 considers the Analysis stage of
PPDAC and the Proeessystage of PCPD. Finally, Sect. 7 considers the Conclusion
stage of PPDAC and the'Dis€uss stage of PCPD.

4 Identifying the Problem and Planning

Whether dataiareltoé be collected, selected or provided, identification of the problem
or topies® béjinvestigated and the plan for investigation are essential and significant
aspécts of statistical thinking and problem-solving (Wild & Pfannkuch, 1999;
Nolan & Lapg, 2007) and need much more emphasis than has traditionally been
given. Onee a general topic or aspects of a topic are identified for investigation,
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other questions can be asked to assist the planning, irrespective of whether data are
to be collected, selected or provided. These include:

* What do we want to find out about? What can we find out about?

* What can we measure or observe? Can we measure what we want?
* Is there anything else we should observe or record ... just in case?
* Should we do a preliminary experiment?

* How can we collect data that are representative?

Whatever the school level, statistical projects and statisticallearning €Xperiences
should involve a number of variables. This provides authenticity'in that almost all
real problems are complex and involve — actually or potentially —“many variables.
This also provides experience in identifying questions, selecting data and method,
and reporting interpretations in context. Even when'illustratingimethods involving
just one or two variables, selecting from withing wider‘context or a more complex
dataset facilitates a more holistic and realistic approach; and therefore more
statistical thinking. This applies across educational leyels; particularly as students
mature. Ridgway, McCusker, and Nicholson 2005), MacGillivray (2005), and
Schield (2005) all advocated the value ofworking withifi contexts with more than
two variables in developing statistical #hinking as«students progress. Examples of
problems and datasets that can ifivelve Jfaany |Variables may be found in
CensusAtSchool data (for example/Turner, 2006).

The Problem and Plan stage(s) of the“gyele include identifying variables,
identifying the subjects of the study, and considering the practicalities. When
students are familiar with appropfiate software, considering what the resultant
spreadsheet of raw data will lopk like is an excellent aid in planning — if the
spreadsheet cannot be visualised 6fidescribed, then the planning is not complete.

Whether data are to be ¢ollgeted (primary) or provided (secondary), the Planning
stage must consider the question of representativeness of data. Data can be used to
make inferences about a larger‘grolip’or a more general situation if the data can be
considered to be representative of that larger group or more general situation with
respect to the question($)hof interest. As students mature and come to consider the
concept of infefring, the“challenges of planning data collections to ensure such
representativeness, /r identifying the representativeness of secondary data, are
greatly assisted thzeugh experiencing the Problem/Plan stage of the cycle. Each type
of statistical inyestigation + experiment, observational study, survey or a mixture
of types — has ‘itsyowndchallenges in planning to achieve data relevant to, and
representativeof, the'problem.

The thigkinginvolved in considering the topic and its context, what variables to
use, what(data to“obtain and how to obtain representative data, is profoundly
statistieal and incorporates almost all of the types of thinking fundamental to
statistieal'thinking of dimension two of Wild and Pfannkuch’s (1999) model. It can
berseen why statisticians and statistical educators are emphasising the importance
of inclusion in teaching statistics of these aspects of data investigations.

Progressive development of statistical concepts and methods should gradually
proceed in types of data, and therefore types of variables, as well as number of
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variables to be considered, and complexities of contexts and topics. The simplest
data are categorical, and early learning is of simple categorical variables. A delightful
paper by du Feu (2005) demonstrated how statistical thinking and projéets can
commence at an early age with categorical data, and motivate and help,devclop thé
earliest concepts of presentation of data and commenting on features:

5 Collecting the Data

Data can be generated through surveys, experiments, gobservations, or from
pre-existing datasets such as those available through the\Internet and other sources.
Offices of National Statistics may also provide a uséful source ofidata for projects at
all levels, although such data often tend to be in at leagt séme form of summary; for
example, it can be quite difficult to access original data or datd on more than two
variables at once. The CensusAtSchool data aim to use students” interest in data about
themselves to engage them in statistical question$ and explorations. The Internet is
arich source of data of interest to older students, and¥also encourages them to choose
their own topics to explore. Topics of inferest includesport, weather, music charts,
movies, as well as more serious topics of socialissuesgelevant to teenagers. Examples
of work involving the analysis of mgdia data car be found in Watson (1997).

The full Collecting the Data stage of theéypdata investigation cycle involves
collection, handling and cleaning of the data. Tn projects with data either provided
or from secondary sources, these key elements can still be discussed, with the
emphasis on understanding the ne€d, for well-collected, representative data. Pilot
studies help in planning collectiofi of good data. For simple projects at primary and
even secondary school, such preliminaries may be as straightforward as trialling
questions with each other,Jbut no matter how simple the project, identifying the
issue to be investigated, and planning)the @acquisition of, or access to, good data are
essential in learning statistical thinking. In both collecting and preparing data for
exploration or analysis, the tepresentation of the problem and of the variables must
be considered, whether wetase dealing with simple or complex categorical variables,
or measurement-challenges:“Data cleaning and data entry, whether students are
using spreadsheets Or summarising data themselves, have many aspects of challenge
and fun. Is theresteally a student who lives 5 km from school but takes 40 min to
reach school? Isithere really a student who estimated 5 s by 3 s but 10 s by 15 s?
We recorded 16 differént colours of cars — how should we group them?

6 »Analysing and Processing

Atthe school level, this stage refers mainly to choosing and using data representations
and summarigs for data exploration. In many ways, the word “process” of the PCPD
version ofithe data investigation cycle is more appropriate for school levels, and the
word “analysis” for post-school levels. It is this component that is most closely
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dependent on the student cohort’s level and the details of the curriculum. But at all
levels, this stage involves not only investigating variation but also reasoning with
statistical models and incorporating statistics and context.

Types of data representations, summaries and commenting on features of data
are underpinned by considerations of types and number of variables; these are
essential building blocks of statistical models. Thus there is naturally a“gradual
development from categorical to count to continuous, and from gingle vasiables to
two variables and more. There is also a need for a gradual development of awareness
of variation, including the important learning development from consideration of
variation within a dataset to variation between groups of data topvariation across
datasets from the same or similar situations or contexts. Ifithis is done in association
with simulations — produced and demonstrated by the teachemis sufficient — strong
foundations can be laid in students’ understandinggef variation and sampling
variation. Also important is the key concept of representativeness of data with
respect to the questions or topics under investigation:

An emphasis on exploring data through graphicalhsepresentations includes
development of summary statistics with associateéddiscussion of both the strengths
and weaknesses of single-valued quantiti€s.in representing features of data. Early
introduction and ongoing use of words such as “gstimate” assist in providing a
lasting foundation for future statistical learning=Datashould be linked with chance
at every opportunity, not only to reinforee concepts/of estimation but also to assist
in embedding understanding of probability n real’and everyday contexts.

7 Interpreting and Discussing

Projects embedded in the data inyestigative,cycle provide a natural environment for
developing both verbal and writtemieommunication skills within each stage of the
cycle, and facilitate cohérentyand gradual development of such skills as students
mature. However, as commented in Forster, Smith, and Wild (2005), there is a need
to systematically teach and dévelop skills in communicating, particularly in the
Conclusions/Discuss stage of PPDAC and PDPC. Benefits of the integration of
verbal and writtenpcommunication within statistical projects go beyond specific
development offthese skills. Lipson and Kokonis (2005) pointed out that report
writing in statiSties, is@ metacognitive activity that facilitates the learning of
statistical literacy and'thinking.

It is als¢ at'this)stage that students can learn about the nuances and pitfalls of
commentingon variation, and allowing for variation in commenting on features
ofsdata, as well @¥Commenting in context. It is of great importance in developing
statistieal thinking to emphasise commenting, interpreting and discussing, and
NOT the definiteness of “answering the question”. There are certainly incorrect
comments amd interpretations that can be made, but the focus should be on
appropriate rather than “right” comments. There should also be emphasis on
distinguishing between what the data are telling us and what might be the
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reasons. Interpreting data in context does not mean drawing conclusions based
on contextual intuition.

Wherever possible, the word “estimate” should be used. If syllabi
level permit the study of the concept of error of estimate, then it is the
understanding that are vital, not the names or jargon. Introducti
estimates through proportions avoids the messiness and complication

those that interpret the interval as one in which most indivia
contrast, such misinterpretation is almost impossible ir‘t' ating
this is just one reason statisticians are increasingly suggesMci

inference through inference for proportions. ‘

ng formal

8 Some Examples of Projects

The following three examples, selected from f ce projects conducted by
students, have proved popular in work t s conducted in Australia,
South Africa, and New Zealand. They/illustrate seme of the variety and learning
or statisti¢al projects; Sects. 8.1 and 8.2
have been particularly popular for ha ience in planning investigations
and trialling data collection, while Sect. 8. tes connecting chance and data.
The Royal Statistical Society Centre’s ExperimentsAtSchool also provide a
number of well-constructed projectlactivities.

8.1 An Experiment lving Measurement Choices

Jelly snakes are a co
stretchiness. However,
of jelly snakes c.p odu
Factors can includ
lending itself to li
that leads to tl
discussions is t
of the unstre

ery that appeals to the consumer because of its
pargntly simple idea of investigating the stretchiness
e range of ideas and designs for experimentation.
r all of colour, brand and temperature, with the latter
science discussion. But the most challenging aspect
ariation in ideas and some very interesting planning
of how to measure the stretchiness, and what measures
e to include in the investigation. Some examples of
to measure the stretch have arisen from students and from
stretch to break and record length at breaking; stretch to a
go and measure length to which snake returns; stretch at
; stretch vertically; and remove head of snake and stretch remainder.
ple of a topic for investigation that can be made as simple or as
complicated as desired. Because of its appeal and potential for diversity in approach,
Conker istics (www.conkerstatistics.co.uk) have chosen it as an activity for the
development of resources.
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Table 14.1 Numbers of commuters at a bus station
Off peak Down Up Total Peak Down Up Total

Lift 35 62 97 Lift 148 16 164
Stairs 26 23 49 Stairs 592 8 600
Total 61 85 146 Total 740 24 76

8.2 A Survey that Involves Human Characteristics

Human characteristics are always a fascinating topic for stude
choices in free-choice projects but the design of questio
it first appears. An example of a survey without question
can also include experimental design aspects is in\d'

hands. Some reports say people tend to place thede
http://humangenetics.suite101.com/article.cf |
it related to how people fold their arms? Because the"dat ategorical, a reasonable

% 1 base

O

are popular
usua’ r harder than
oblems and which
ing eople clasp their
(see, for example,

amount of data is required for meaningful discus ed’on plots and tables, but

that key aspects included the importa i tudy and the randomisation of
the order in which subjects were ask ng and folding.

Many aspects of human behavi
be explored through two-wa
These also lead naturally
for any theoretical concept
study of the use of stai

itional probabilities without the need
4.1 shows data from an observational
a bus station during a peak period and an

off-peak period.
The probabih that going up uses the lift can be estimated by
62/85=0.73 during /off- es, and 16/24=0.67 during peak periods. The

probability that a pers the lift is going up can be estimated by 62/97=0.64
during off-peak ds, by 16/164=0.1 during peak periods. These and other
estimates lead toa wealth'of discussion, and key questions about the context and the
data collection m questions that are core to the data investigation cycle.

very challenging area to teach. In addition, many teachers have
istical content knowledge as well as little, if no, exposure to any specific
pedagogy related to the teaching of statistics. While one can hope that this situation
might change over time, the question facing statistics educators is how to educate
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teachers to be effective teachers of statistics. The word educate, rather than train, is
used because to be effective, teachers need to learn about the appropriate pedagogy

as well as update their knowledge and understanding. Governments s ork
towards a significant increase in the number of teachers specificallyseduc
teach statistics but this requires time and planning to achieve. The au e the

following specific recommendations:

1. Statistical projects should be included in the mathematics edug %
of both pre-service and in-service teacher education pregcammes. Th
since the development and discussion of projects is alre cgral part of
most mathematics education teacher training.
2. The statistical projects used should emphasise the datasi igative cycle as a
vehicle to teach statistical thinking and to lo own statistical
understanding and knowledge. The PCPD or P scription can provide a

statistical questions can be approache of sophistication. By using
projects that can be used with their stidentsjit i likely that the pre-service and

More research should be undertaken into frameworks that will help to structure
the teacher “learning” of statisti ittle is known about effective mechanisms.
nature of statistical understanding and
thinking; a focus on effecti e statistical education of teachers, per

se, is a key area of what ne
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Chapter 15
Complementing Mathematical Thinking
and Statistical Thinking in School Mathema
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cur um within the

Linda Gattuso and Maria Gabriella Ottaviani

Abstract The introduction of statistics into Q‘l
mathematics subject poses multifaceted problems t ics teachers. This
chapter first discusses the relevance of deve tical and statistical
literacy in schools, and secondly reflects on sge recommendations to
teach statistics in the school mathematics and % es faced in the training
of teachers. Then the chapter underli iffere ween mathematical and
statistical thinking and suggests that i nt of their specificities, it is
possible to generate teaching strategi harmonious development of
both mathematical and statistical thin 0o):' Some implications for teacher
training are finally included.

1 Introduction

In the last few decades of t tieth cemtury unprecedented innovation in society
and, in particular, globalisati lysed by modern telecommunications did
justify a new perceived xity of reality, enhancing “the central importance of
mathematics and its app ons in today’s world with regard to science, technology,
communication§, 'econo d numerous other fields” (United Nations
Educational, Scie Cultural Organisation [UNESCO], 1997). The basic
aim of mathematies,in anging society had already been formulated, in the

United States of Americ ithin the National Council of Teachers of Mathematics

C. Batanero, G. Burrill, and C. Reading (eds.), Teaching Statistics in School
Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
DOI 10.1007/978-94-007-1131-0_15, © Springer Science+Business Media B.V. 2011
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(NCTM) Standards (1989), where the concept of “mathematical power” was
presented as the notion of empowering the students to be able to apply their
mathematical knowledge, concepts, and ability in problem solving, commufiication
and reasoning.

In 2001, “use mathematics to solve problems and communicate’/(Stein;, 2001,
p. 17) was listed as one of the 16 Equipped for the Future (EFF) standardsneeded
by adults to effectively carry out their different roles in sogiety:The use of
knowledge in concrete situations — where the active participation of individuals is
required — stresses the concept of “competence”. For mathematics‘theletrriculum
shift from content topics to competences has many consequences from the
pedagogical point of view both for teachers and for stadénts, andimplies a new
teaching/learning style relying particularly on problem-posingrand problem-solving
teaching methods. In particular, giving evidence ofworkplace'needs, Steen (2003)
regarded mathematical thinking as “an essential component,of virtually every
competency. Reasoning, making decisions, solving psoblents, managing resources,
interpreting information, understanding systemsgapplyingtechnology — all these
and more build on quantitative and mathematical acumen” (p. 56). When the
information to be dealt with is quantitative in_natufe and keen quantitative
discernment is required, statistics and statistical thinking play an important role in
the mathematical curriculum.

This chapter aims to emphasise the neeessity of complementing statistical
thinking and mathematical thinking in scheel and generating didactic strategies
allowing statistics and mathematics to evolve together, in a harmonious way.

2  Why Statistics islanght in School Mathematics

To be part of a modern sogiety in‘a.eompetent and critical way requires citizens to
know and to interpret collective/social phenomena in a broad sense, and understand
the variability, dispersion, and heterogeneity which cause uncertainty in interpreting,
in making decisionsfland in“facing risks. To pose and solve problems in everyday
life may require ddta“colléetion and the ability to analyse the data in order to get
information to begfinterpreted and used in suitable ways.

However, infzeality citizens will seldom have the opportunity to control all
stages of the statisti€al process of inquiry, particularly when they have at their
disposal onlydata,collected, organised and interpreted by others to address others’
aims. In this case, statistical competences and thinking become more and more
impertant as they encourage caution before using those data in a superficial way.
That is_why modern citizens require both basic knowledge of statistics and
statistical concepts, and also statistical thinking.

The role of data, statistics and probability in school curriculum has been
recognisedgin the Organisation for Economic Co-operation and Development
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(OECD) study titled Programme for International Student Assessment (PISA).
Mathematical literacy is one of the three domains assessed by PISA in order to
measure how well young adults, at the age of 15, are prepared to meet th ges
of today’s knowledge society. According to the project:

Mathematical literacy is an individual’s capacity to identify and understand thi
mathematics plays in the world, to make well-founded judgements and to_usesa
with mathematics in ways that meet the needs of that individual’s life
concerned and reflective citizen. (OECD, 2006, p. 72)

For PISA assessment purposes the mathematical co&
utilise in solving a problem has been organised fi
space and shape, change and relationships, quanti inty (OECD,
2006). The three first ideas form the heart of any he iculum, but it is
not the same for the fourth. The recognition at dealing with
uncertainty is essential in everyday life is obwiously iiary importance in
promoting the teaching of statistics and eleme obability theory in school
mathematics.

3 Teaching Statistics in the Classroom

Statistics is appearing more and more in 1 curricula; in some countries,
statistics has recently even entered the curricula of elementary schools. The
situation in various countries is des€tibed in the first chapter of this book. Statistics
in schools is linked to mathematics so\mathematics teachers are responsible for its
implementation.

Curriculum developers est a data-oriented approach to teaching statistics
(Moore, 1997; Burrill & C 2005) re students should formulate research

questions; design investigation ect data using observations, surveys, and
experiments; describe a pare data sets; and propose and justify conclusions
and predictions based o .

fo

The GAISE proj ple, has developed useful guidelines for statistics
education (Frankli 005). However, as discussed in the Joint ICMI/IASE
Study Confere (Ba ro, Burrill, Reading & Rossman, 2008), these

recommendatiofis are séldom followed and doing statistics too often becomes
synonymous wi computations and following protocols. Consequently,
ishing school understand very little statistics and are usually unable
al way.
hat the teachers generally have no preparation for teaching
owledge about statistics and almost never any training in statistics
y need a framework for understanding statistics, so that they can
ere their students are coming from and where they are going
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progress in the implementation of statistics in the school curriculum, statistics
education for future teachers is almost non-existent.

The situation is serious for elementary teachers who have litfleéger no
experience in this field, and often demonstrate little interest in mathematies
although they have to teach it. The situation is not much better for seéeendary
teachers. Their mathematical knowledge is more important but_in_some ways,
particularly if mathematics is seen in a formalistic view, this/may<even hinder
their grasp of statistics. Most trainee secondary teachers will fellow'a course
in statistics but very few teacher training programmes include the” didactic
of statistics. In fact, mathematic educators often casually“admit their lack of
qualification in the subject.

In addition to gaps in teachers’ statistical knowledge, hegative attitude and
beliefs towards statistics complicate the situation.*Negativeattitudes are linked
to perceived difficulty, lack of knowledge and gverly formallearning experience”
(Estrada & Batanero, 2008, p. 5). Meletion(2003) argued that beliefs about
the nature of mathematics affect instructional approachestand curricula in statistics,
and act as a barrier to the kind of instruction that would provide students with
the skills necessary to recognise and/intelligentlyidéal with uncertainty and
variability. Although the teaching of mathematics has undergone many changes
and proposes a constructivist approach,|leng-held beliefs and attitudes of
teachers are difficult to change. Statistical eoncepts linked to context should be
approached as social constructs, following the way suggested by the data-oriented
approach. In reality, concepts are too often presented to students without any
links to the real-world context of at the most within artificial examples and
using a traditional and procedural approach that in many cases meet students’
and parents’ expectations.

Obviously, knowing the theory of statistics is not enough to teach it. Teachers
must have the opportunity to deyelop theis,0own statistical thinking. The education
of pre-service and in-service teachers has to be taken seriously. According to
Batanero (2008), initial #nd €ontinuing teacher training courses for mathematics
teachers need to be redesigned gompletely. Future teachers must experience the
same activities (proposed“forfStudents and experience the same difficulties, but
obviously teacher Knowledge needs to be broader and deeper than that of the
students they are_teaching. In fact, many teachers have no experience with data
analysis and do/not understand the role of variability and the idea of distribution,
which are key coneeptsfor the development of statistical thinking.

Today, teacher training is mostly under the auspices of mathematics educators.
However, gtatisticians involved with statistics education, and statistics educators
must cooperate and be involved in developing resources for teachers including
high-quality“teaching materials that, promoting the issue of teaching statistics,
could_help ‘motivate students to learn mathematics. To achieve these goals it
igifundamentally necessary to describe characteristics of statistics and to
identify differences and similarities between mathematical thinking and statistical
thinking.
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4 Statistics and Statistical Thinking

If statistics is different from mathematics, what is statistics? As is the case fomany
science, to define statistics is difficult. In recent years it has been recggnised that:

Statistics has developed from two disciplines: The mathematical study of probabilities and
chance events and the scientific attempt to draw conclusions from datd“in the,face’ of
inevitable error and imprecision. Modern statistics does not simply apply mathematical
results to determine the properties of particular statistical metheds; it includes a concern
for discerning, describing, and confirming patterns and relationshipgyin data.(Thisted &
Velleman, 1992, p. 41)

In fact, “statistics makes a heavy and essential use of mathematics, yet has its
own territory to explore and its own core conceptsfto, guidethe exploration” (Cobb
& Moore, 1997, p. 814). It “is a subject whose goal is t0 Solye real-world problems”
(Moore & Cobb, 2000, p. 617). Statistics may beleonsidered both as a discipline in
itself and as a technique: “A special technique suitable Jfor the quantitative
investigation of mass or collective phenomena, those phenomena (...) whose
measurement requires a collection of obsgrvations”Giniy 1966, p. 17).

The process of statistical investigation” begins“with some study questions
providing a basis for the design used topproduee data, it goes on with the
collection of the data, their explorationhand description, and eventually formal
inductive inference is required if conclusionstaremeeded about the population or
process from which the data were drawn. Theinterpretation of the results coming
from the data is the crucial point where statistics comes in touch again with the
questions that started all the proc€ss. Only at this point does it become evident
whether both the statistical methods used and the statistical reasoning followed
were effective in solving the problems giving rise to the study. The investigative
cycle: from problem, to data(collected, analysed and reported), to problem forms
the core of statistical thinking. Imsthisyvision of statistics, there are concepts — such
as centre and variability —.and measures of concepts — such as arithmetic mean,
median, mode and standard’deviation, interquartile range, range — and not just
numbers and formulae.

To debate the“differences‘between statistics and mathematics is important for
statistics educators” who need “to carefully define the unique characteristics of
statistics and in particular the distinction between statistical literacy, reasoning and
thinking” (Garfield & Ben-Zvi, 2007, p. 380). Each of these three capabilities can
be differentiated“acéording to the level of statistical tools and concepts people
understand afidithe connections people are able to make among them. The focus in
this chapter, is on‘statistical thinking.

To_simplifypthe comparison with mathematical thinking, this chapter uses the
définition_of statistical thinking proposed by Scheaffer (2003): “Data analysis and
statistical thinking ... develop knowledge, beliefs, dispositions, habits of mind,
communication capabilities and problem solving skills that people need to engage
effectivelygifi quantitative situations arising in life and work” (pp. 146-147),
particularly in those situations involving processes and their variation.
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An active group of educators, psychologists, and statisticians have studied and
examined the change in the importance given by the statistics instruction when
evolving from the statistical techniques, formulas, computations and procedures
towards conceptual understanding of statistics (Garfield & Ben-Zviy2004), and
have also made connections between the research results and practical‘'suggestions
for teachers (Garfield & Ben-Zvi, 2008).

5 Differences Between Mathematical ThinKing
and Statistical Thinking in School

In some ways mathematical thinking and statistical'thinking may appear contrary,
but when we underline their differences, we will se€ that'they, may support each
other. Where mathematics exploits deductive  réasoning,<statistics uses more
inductive reasoning. While mathematics promotes™abstraetion, statistics insists on
interpretation in context. Variation and measurement are dealt with differently in
the two disciplines. In summary, reasoning@in mathematics and statistics is different.
A more comprehensive picture of the sttuation can,be found in Rossman, Chance,
and Medina (2006) and Scheaffer (2006).

Although, more and more mathematics .educators encourage a constructivist
approach for mathematics in the classroom, teaching too often is dominated by
presenting deterministic procedures even if most curricula propose a broader view
of mathematics. “One question ha§ one answer”. Traditional teaching is all too
often focused on developing procedures to solve closed problems. Even in the
so-called open-ended problems, thepsolutions are often predetermined. This
misleads students who logk for “what the, teacher wants”. Mathematics is about
logical and deductive reasoning, modelling) optimising, and proving results that
come logically from axioms anddefinitions. Although not all mathematics teaching
in schools follows this Jine,’it is too often procedural, allocating more space to
calculation than to undetstandingh However, more and more mathematics educators
and researchers (are rejecting'the traditional approach and proposing that learning
mathematics shouldidevelop the ability to create mathematical models of real
phenomena, pose hypothesesiand verify them using mathematical tools (Sierpinska
& Kilpatrick, 1998). In statistics, the same question with the same data may lead to
different ways of @mnalysifig and different solutions that are equally defendable. This
requires inductiye reasoning, working with randomness, dealing with counterintuitive
results, drawing uneertain conclusions, and interpreting results.

Mathematics and statistics are different in the ways that they use numbers.
Mathematicsimostly deals with numbers, their operations, generalisations and
ffabstraetions®, while for statistics numbers are “data linked to a context”, which is
esséntial to statistical reasoning as well as to mathematical modelling. When doing
statistics, one/must know the nature of data, and where and how they are produced,
to be able'to go on with the analysis and to draw some conclusions. Mathematics,
on the contrary, may rely on context for motivation in the classroom, or as a source
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of research problems, but its goal is abstracting, finding patterns and generalising.
The context has to be put to one side to grasp the model or the structure. To
synthesise: “In data analysis the emphasis is on answering real questionsfather than
trying to fit those questions into established theories” (Scheaffer, 2003,p. 145).

Variability and variation are found in mathematics and in statistics butywith a
different sense. In the mathematics classroom students study the dependenceof one
variable on the other, and the form of the link between the varigbles. Imystatistics
variability, that is the propensity of the observations for one data'set.to change, is a
fundamental idea supporting the concept of distribution! Looking ar averages
without taking account of variability (spread) is useless and“willynot lead to the
understanding of the distribution, thus missing the wholgypattern.

Furthermore mathematics and statistics have a“different approach to
measurement. In mathematics, measurement goes:withyspatial‘configurations, and
their transformation, and abstraction. For examplé,“at Secondary school in a
geometry problem there is no need for rulers/toishow that two sides of a triangle
have equal length; the equality of the length can be deduced from hypotheses,
definitions, and theorems. Although a figure may help understanding or finding the
proof, its measures do not need to be ac¢uirate and camibe assessed approximately.
Because statistics is mostly about understanding, megasuring and describing the real
world, taking valid measurements is cfueial. Imany investigation, the study question
has to be well formulated and the data‘have te be accurate.

6 Advantages of Doing Statistics and Mathematics
Together in School

Despite the differences between statisticalthinking and mathematical thinking,
there are certain advantages in‘studying statistics in the mathematics classroom.
First, statistics can stimulate fnotivation and develop problem-solving abilities such
as posing questions, amalysing, representing and communicating quantitative
information. If well chosen and€lose to students’ interests, context, which is essential
to statistics, often has a pesitive effect on students’ motivation and involvement also
in mathematics. Aecording t6 Kranendonk (2006), students playing with real data
that makes sens¢ connectywith these data, and they get curious and often go beyond
what they were ‘asked tofdo. Finding a new interest can modify a negative attitude
towards mathematies."Using context also agrees with new curricula in mathematics
that advocdte problem solving imbedded in real-world situations.

Second; much of statistics involves posing questions and finding ways to answer
them™A problemil€ading to the collection of data and analysis, even if elementary,
will ensi€h @child’s mathematical thinking. At the beginning, there is no need for
complex mathematics, but only for the ability to classify and group. The ability to
formulate a question and to be critical about it can be practised even by kindergarten
children (Schwartz, 2006) and will transfer to the study of mathematics; is it not said
that, in problem solving, when the question is posed the problem is almost solved?
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Third, statistical analysis is not a linear process. After collecting and grouping
data, analysis comes next. Comparing groups, looking at the characteristics of the
distribution, identifying clusters, outliers, examining the differences in thé miedians,
means, modes and measures of spread may suggest a “rerouting” in the'analysis'of
data. To go back and forth to find a solution or a proof can also be very helpful'in
mathematics, but in the classroom it is unusual and not often showan. Instead, the
result is traditionally exposed in a straightforward manner withoutrevealing the
trials and errors preceding the optimal solution shown on the board, asfit would
come from some magical inspiration leaving the students helpless:

Finally, the construction of representations is essential in/the study of data. Not
only does the representation have to be adequate andiedmplete;“but it helps to
visualise statistical distributions and give evidence to relationships among variables.
Different representations may also lead to a different'grasp of the'distribution. This is
useful also in mathematics where a graphical representation iSla,necessary prerequisite
to modelling, even if “the standard mathematical medels ignore data production”
(Cobb & Moore, 1997, p. 807).

The competence to communicate mathematical resultsiis nowadays part of the
mathematics curricula recommendagions. In<_ statistics, interpreting and
communicating the results to answef the original question follows statistical
analysis. It requires convincing with /numerical’ argiments placed in their context
and is completed with a discussion of‘the various/possibilities investigated, thus
assuming (more or less consciously) variability and probability. Again, the
development of this competency may benefit both disciplines.

The points underpinned above arfe about conceptual understanding and thinking
both of statistics and of mathematics.‘Besides, it should not be forgotten that when
going through various statistical{pfoeedures, a lot of mathematics is applied. From
elementary arithmetic (especially proportional reasoning) to advanced functions (e.g.,
the least squares method), many, examples,of mathematical concepts and tools are
employed while doing statistics‘andmmathematical learning can only profit from this
use (Gattuso, 2006, 2008)#Teachers must be aware of the benefits of making statistics
part of their mathematics teachingibut at the same time be familiar with the specificity
of each discipling.

7 Implications for Teacher Training

An imporgant keyito the development of statistics teaching is teacher training.
Well-prepared teachers will willingly include statistics in their teaching. With
adequate trainingy teachers will be more confident and they will be able to
éncourage students to speculate and explore phenomena, create their own data
representations, make and test their own conjectures, use appropriate technological
tools, and spegnd time on discussion and reflection instead of limiting the students
to the practice of procedural skills and execution of calculations.
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Teachers surely need to acquire statistical knowledge and develop their statistical
thinking, but they also need training in the didactic of statistics to be able to follow
their students’ learning and reasoning and be able to spontaneously takefadvantage
of classroom situations to promote student learning. The didactic of statistics will
introduce teachers to misconceptions, difficulties, and common errofsinvelyed in
learning statistics and will propose ways to handle them, thus allowing teachers to
develop the self-assurance needed to teach adequately.

Also, it is important to pay attention to the teachers’ concerns about leaving out
some mathematical content by assuring and showingithem that, while doing
statistics, they are really doing a lot of mathematics. It is alse n€eessary to match
mathematical concepts to their applications in statistic§yso that one supports the
development of the other (Dunkels, 1990). Statistics can contribute to the learning
of mathematics by introducing mathematical coneeptsyin realistic and motivating
contexts. Measurement of phenomena (suchgas bullying, free time, fertility,
poverty), proportional reasoning and percentagesipgraphical displays, averages,
data modelling, and inductive reasoning are ali*peinfsyof contact and tension
between statistics and mathematics in school (Biehler, 2008). Research is necessary
to understand how to transform a pogSible uneasywjunction of such different
disciplines into a fruitful one. This may require statistics educators to work side by
side with mathematics educators, respeeting l€ach other and showing how concepts
and knowledge of the two disciplines“may evolve/together in the classroom in a
harmonious way (Ottaviani, 2008).

During their training in statistics teachers should also be exposed to the use of
technological tools. Technology, infact, can assist students in “doing” and “seeing”
statistics and in reflecting on data, Different kinds of statistical tools exist. Some are
useful to visualise data and to analysejitin a simple way, some are more suitable for
developing an understandinggof data and\data exploration, and others are more
useful for understanding cQneepts connegted to probability distributions. Besides
this, the Internet offers a large set ofidownloadable data to support exploratory data
analysis and to assist ip®understanding variability (Garfield & Ben-Zvi, 2004).
By navigating the Internet/t is jpossible to find resources for teachers to use in
classrooms or injprove their Kilowledge of statistics and resources for those training
the teachers. In paftictlar, the International Statistical Literacy Project (ISLP),
under the umbrella of “theVInternational Association for Statistical Education
provides an onlihie Tepository of national and international activities to disseminate
statistical thinkingp(www.stat.auckland.ac.nz/~iase/islp/). Through this, teaching
statistics in school ' mathematics has the added bonus of students acquiring a greater
familiarityfwithiechnological instruments used in everyday life.

Teachet Mzaining should also include discussion on assessment methods.
Mathematicsteachers are used to utilising multiple choice, “right or wrong” answer
or shortfanSwer questions, thus focusing on accuracy of computation, correct
application of formulas or correctness of graphs and charts. These kinds of
questions are/not useful when statistical thinking is involved. To get information
about students’ statistical reasoning processes requires the teachers to identify
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assessment methods that can reveal student understanding of basic statistical
concepts such as variability, visual representation of data, centre and spread (Gal &
Garfield, 1997). The importance of assessment is evident when we
teachers are more and more motivated to do a better job with statisti
assessing the achievement of statistical curriculum is required.
The support of statistics educators and practising statisticians
teachers is essential to help them cope with their new role as sta

8 Conclusion

particularly due
makes it hard for

The “marriage” of statistics and mathematics in sc.)
to the school teachers’ general lack of statistica
them to develop their own statistical thinking chapter shows that
mathematics and statistics are different, at leas that reasoning takes
place, in the way they use numbers, in the wa) riability and variation are
taken into account, and in their approac However, there are good
reasons for mathematics school teach tistics in their classes, such as
while students are doing statistics t! doing a lot of mathematics, and
students with a negative attitude towa
statistics to be taught in an adequate way I mathematics will take a long
time. A lot of research activity needs to be carried out by statistics educators in
collaboration with mathematics ediication in order to offer mathematics teachers
appropriate instructional resources and strategies. There is no doubt that to have
statistical thinking diffused in undamental so that both pre-service and
in-service mathematics teach eive high-quality training in statistics.
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Chapter 16
Assessment of Learning, for Learning,
and as Learning in Statistics Education Q

Joan Garfield and Christine Franklin

Abstract Assessing student learning of statistg s u e challenges to
mathematics teachers at the elementary and secon is chapter describes
some guiding principles for developing or sel¢ essment items, building on
general pillars of good assessment practice as pportant features of the
discipline of statistics. The chapter concludes wi pecific recommendations
regarding the improvement of assessme ing of statistics.

1 Introduction

Assessment plays an important ro
has received much attention in ,the
Garfield, 1997; Chance, 2004,
uses of assessment in th
greatly influenced by the

in teaching and learning statistics. This topic
atistics education community (see Gal &
Weldon, 2007). Ideas about effective
ing and learning statistics have been
cation community (e.g., Romberg,
1992; Mathematical Sciences on Board [MSEB], 1993; National Council
of Teachers of Mathe CTM], 1995) and the educational measurement
community (Pellegrino, dowsky, & Glaser, 2001). This chapter outlines some
issues and challée eg ssessment of student learning of statistics, as well
as offering some g inciples regarding the preparation of statistics teachers.
Particular attentiemy is to the unique aspects of assessing ideas of data
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understanding and exploration, as opposed to assessing other topics in the K-12
mathematics curriculum.

2 Purposes of Educational Assessment

Assessment of student learning provides data that may be used for\different
purposes, such as informing students of their progress and achievemenfinforming
teachers of the effect of their teaching, and providing evidence/of stiident achievement
of desired student learning outcomes. Three broad plmposes of“assessment are
described in Pellegrino et al. (2001): to assist learning, tépmeasure individual
achievement, and to evaluate programmes. This ‘tepoit cautions’ that assessment
results are only estimates of what a person knows and ‘ean do and that every
assessment, regardless of its purpose, rests on three pillars: (a)model of how students
represent knowledge and develop competence ingthe‘subjeet domain; (b) tasks or
situations that allow one to observe student perfommancejand (c) an interpretation
method for drawing inferences from the pétformance evidence thus obtained.

These three foundational pillarsf— labelled, cognition, observation, and
interpretation — comprise an “asses§ment triangle?that underlies all assessment
and must be explicitly connected and designed as a'coordinated whole (Pellegrino
et al., 2001).

Connected to all three pillars is the purpose of assessment. While traditional
descriptions of assessment distingdish between Formative (assessments used to
provide formative feedback to improve'student learning) and Summative (assessments
used to provide a summative /indication of student achievement), more recent
publications examine the purpgses and use of student assessment as falling into three
categories: Assessment of leamning, Assessment for learning, and Assessment as
learning (see Earl & Katz, 2006).Statistics teachers have traditionally used summative
assessment to provide information of student learning, while using some types of
formative assessments aghagents for student learning, that is, to provide feedback to
students to help them better le@fn statistics. The use of assessment as learning, which
could encompass both stimmative and formative methods, situates the student at the
integral junction between_l€arning and assessment. In this unique purpose of
assessment, students engage in new learning by monitoring and adapting their own
understanding vianthe assessment process. Examples in a statistics course could
include having students'create or invent a unique model as part of a problem-solving
activity that hasithem reflect and make sense of their own knowledge throughout the
creation proeess (e-g., Lesh, Hoover, Hole, Kelly, & Post, 2000), or in an authentic
tagk Such as‘comipleting a statistical investigation or project (e.g., Holmes, 1997;
Starkings} 1997). Assessment of, for, and as learning each serve different, yet
intefrelated purposes in helping students learn statistics. It is important for classroom
teachers and yriters of curriculum and assessments to consider each purpose so that
their assessment process can provide meaningful information about, and evaluation
of, student learning.
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3 Assessing Statistical Learning

Regardless of the purposes for which an assessment is to be used, it is i
think carefully about the three pillars of assessment (cognition, ob:
interpretation) in order to develop or select assessment items of the hig
that are appropriate for a given purpose.

0O
3.1 Cognition: Models of Learning and D@
Learning Outcomes
®

The cognition pillar requires a model of how gstud sent knowledge and
develop competence in statistics. National and urric standards provide
listings of desired content for student assessments*(e.g M, 2000; Franklin &
Garfield, 2006; Ministry of Education New Zeal However, in designing

also be considered. The most well-kn
outcomes of student learning is Bloo

e Statistical literacy, unders
statistics
» Statistical reasoning, r
statistical information

» Statistical thinking, ms' g the importance of examining and trying to
explain Varla% where the data came from, as well as connecting
data analysis er.context of a statistical investigation.

delMas (2002).di ed between these related outcomes by suggesting
types of word d inythe assessment of each outcome, while Garfield and
Ben-Zvi (2008 examples of assessment items for each type of outcome.
ideri es of outcomes teachers may be able to produce more

content and instructional methods they are using. Wiggins and
98) stressed the importance of carefully delineating desired learning
goals in designing assessment. They outlined the need for educators to design
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assessments backward from the task, asking at each step of the way: “What is the
evidence I need of students’ understanding? Will this assessment get at it?”” This
is especially important in distinguishing between desired learning go
mathematically based versus those that are statistically based.
Consideration of desired content learning outcomes can focu
important differences in the assessment of statistical learning vers
learning. This is a crucial point to make because statistics is part g
curriculum, and is frequently taught by educators trained in math
several important readings to demonstrate to educators the differe
disciplines of mathematics and statistics (Cobb & Moore, 19975 in et al., 2005;

Rossman, Chance, & Medina, 2006).

One of the differences often seen between mzﬂem statisticians is
how they view and assess data analysis. An ite led analysis” on a
standardised test is often, in fact, a question asgessin: rm of mathematical
computation or reasoning. Some illustrative e e p ed in the following
sections. Often, educators trained in mathemati ta analysis as simply
the computational aspects of the analysis — th: numerical summaries

or creating graphical representations. H; ns view data analysis as
involving the process of formulating & scientificiquestion that can be answered
with data, designing a plan to collec ng the data with appropriate
graphical and numerical summarie the results as they relate to the

* Include real data and real pro
real data that are provided in

contexts: In statistics, it is important to use
text of a statistical investigation of interest

do not represent real pr
* Include recognising an
recognising and examinin ity is equally (if not more) important than the
trend or pattern in th @ A.
* Include oppo#tunities o
In statistics, i
important than
out the proce
* Maintain a nce between items assessing understanding probability concepts
and understa istics concepts.
* When qa iate, require students to provide interpretations of data analysis
as well tions for their analyses and conclusions.

ow data will be analysed is equally (if not more)
omputations and calculations that are used to carry

cludes with a set of guiding principles regarding consideration
ognition in designing and selecting assessment items.

important to construct an assessment blueprint, a table outlining the
earning goals that are to be assessed in a particular course along with
how they will be assessed.
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2. The most important learning goals should be identified and used to drive the
selection or creation of assessment items. “What is tested is what gets taught. Tests
must measure what is most important” (National Research Council, 1

3. Assessment should balance procedural proficiency, conceptual u
and the use of contexts of statistical investigations.

4. The assessment should reflect the values of the discipline of_statis
example, emphasis on data and data exploration, rather tha matical
computations.

® N
3.2 Observation: Assessment Methods and ica
Issues Involved in Collecting Evidefiee t
Learning of Statistics

ks o ions that allow one to
% content. There are many
g uizzes, exams, homework
ions or communications with

re /details on various assessment
development and use of items

The observation pillar involves specifying the ta
observe student understanding and proficiency wit
ways to gather evidence of student le
assignments, student projects, and inform
students (see Garfield & Ben-Zvi,
methods). Attention in this section 1s fo
that could be used in homework, quizzes, minations. The main goal is to
distinguish between the use of these items to assess student learning of statistics (in
particular, data analysis) from st t assessment of other learning outcomes in
elementary and mathematics classes.

There are many factors to

arding the evidence that is observed in
an assessment item or tas way assessment tasks are constructed,
the way scores are given (as detailed in the next section on
Interpretation), and the quali task and response. It is important that the
item or task meets the intended goals for assessment and that the item be scored in
a way that it reveals use ccurate information to the students and teacher.
Students learn to'value w y know will be assessed (Garfield, 1995) so it is
important for teac ess not only what they value, but also what is valued
by the disciplin sessment of statistical learning needs to measure authentic
concepts and skills in data analysis, rather than mathematical skills.

discussed examples of sample assessment items (see Figs. 16.1
h were classified as “data analysis” questions.

to apply the algorithm, or formula, for finding the mean and the relationship of the
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The average weight of 50 prize-winning tomatoes is
2.36 pounds. What is the combined weight, in pounds.

of these 50 tomatoes?
A. 0.0472
B.11.8
C.52.36
D. 59 Q

E. 118
|Source: NAEP Sample Questions; nces.ed.gov/n €po!

Fig. 16.1 National Assessment of Educational Progress (NAEP) item,ex

The table below shows the daily attendance at' vie ters for 5 days
and the mean (average) and the median attend

Theater A Theater B
Day 1 100
Day 2 87
Day 3 90
Day 4 10
Day 5 91
Mean 75.6
Median 90

(1) Which statistic, the mean or the me
typical daily attendance for the 5
answer.

, would you use to describe the
ys at Theater A? Justify your

(2) Which statistic, the m
typical daily atten

median, would you use to describe the
5 days at Theater B? Justify your

Source: NAEP Sample Quest es.ed.gov/nationsreportcard/

Fig. 16.2 National Assess f Edu€ational Progress (NAEP) item example 2

of all 50 observations. This example is simply a
al problem. The mean is used in statistics; however, this
ical reasoning on the part of the student relating the answer

ént (pounds) in the responses to select from. It is difficult to learn something
% student’s understanding of statistics based on their response to

orrect or incorrect. The item is not aligned with important learning

del of student learning as described by the Cognition Pillar.

Fig. 16.2 goes beyond asking the student to complete a routine

hallenging students to notice that Theater A has an outlier of 10,

most appropriate. However, the context of the problem is irrelevant in answering
the two questions.



16 Assessment in Statistics Education

An excellent source of assessment items that ask students to answer a statistical
question, often with realistic data available, by analysing the data and justifying their
conclusions is the United States College Board AP Central Website (AP Statistics
Exam, AP Central). Free response questions, open-ended problems to be solved by
students, are available at this site, along with detailed scoring rubricspstudent
sample papers, and commentary for the sample student papers. Allowing students
to explore real (or realistic) statistics questions and giving them afchange to present
and explain their conclusions to classmates and others, followed by a discussion,
positions this task to become an assessment for learning ‘as'well as‘of l€arning.

3.2.2 Principles for Selecting, Modifying, and Creating Assessment
Items of Statistics Learning

Writing, selecting, and revising statistical agsessment items and tasks are very
challenging for all educators and writers of high-stakes tests, and particularly
difficult for educators trained in mathematics. The,following principles are offered
as a guide for the choice of good assessment itens:

1. Assessment tasks should be situated ifiya context for which there is a good
explanation of what question is béing asked and why data were collected.

2. Assessment tasks should use real or realistic_data (such as rounded numbers
appropriate for the level of the students).

3. Assessment items asking for computations‘should have a context — the item
should show more than computedanswers and the computed answer should have
a meaningful purpose.

4. Forced-choice items should“have meaningful distractors that reveal common
errors in learning/reasoning or misconceptions. These may be identified through
the examination of how students 1éarn Statistics (cognitive model).

5. Free-response items sheuld betused to allow students to create, explain, and
communicate their ufiderstanding. The Advanced Placement (AP) Examination
(Roberts, Scheaffer, & Watkins, 1999) is a model for developing good open-ended
tasks and scoringfubrics;‘developing the item and rubric side-by-side.

6. Decisions about whetherto use forced-choice or free-response items need to be
informed by the purpose,of the assessment.

7. When appropriate for the level of the student, an assessment plan should include
opportunities for stidents to plan, conduct, and describe a statistical investigation.

3.3n. Interpretation: Using Assessment Data to Make Inferences
About What Students Have Learned

Once assessptent data has been gathered, the interpretation and use of that evidence
are important to consider. An interpretation method is needed for drawing
inferences from the performance evidence obtained from assessment tasks. Often,
this interpretation is more of an intuitive process than a statistical one.
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Assessment results may be used to provide feedback to students about the
quality of the student learning, may be used by teachers to identify gaps in student
learning, may be used to document development and progress in learning, and may
be used to assign summative grades. The same assessment items mightbe used for
formative or summative purposes. In addition, aggregated assessment/data may also
provide evaluation information regarding curriculum and teaching,

One aspect of interpretation of assessment results involves thescoringyof open-
ended tasks and projects. While some assessments are scored using a helistic approach,
other tasks have more detailed scoring rubrics, which take more,timeto €omstruct and
apply. The College Board Advanced Placement Statistics progtamme,has provided an
exemplary model (College Board, n.d.-a, b) for the development of scering rubrics and
the training of readers to effectively and efficiently use scoring fubrids for open-ended
problems. In the process of developing and applying rubrigs, thereismuch collaboration
among the faculty raters which leads to improvedyrubrics‘andiassessments. At a more
local level, most classroom teachers tend to develop,and apply their own scoring
rubrics without such collaboration. We recommend ‘a modified version of the AP
method, where teachers and writers of high-stakesiests will share their rubrics with
colleagues and discuss ways to improve andmodifythemyto obtain better reliability as
well as information about student learninig. Howeves, the scoring method needs to be
linked to the purpose of assessment asgwell as|téuthe 1earning model so that the results
provide useful information on the naturc‘of student learning. Some principles to guide
the interpretation of assessment results are provided:

1. Becautious about making inferences about student learning based on assessments.
The quality, nature, and purpose/ofithe assessment should guide the interpretation
of results. For example, scoresion a poorly constructed or ambiguous task should
not be used to draw conclusions‘aboutistudent learning.

2. Select or create assessmefits that include a balance of tasks used to provide
appropriate data for gatheringiformative and summative data, that is, assessment
for learning items as well.as assessment of learning items.

3. Consider using items embedded in classroom activities, or even out-of-class
projects, as assessmentifor léarning as well as data used for interpretation of
important learningeutcomes.

4. When developirig seoring rubrics, seek the collaboration of colleagues to provide
feedback anddmprovements. This collaboration is also suggested for reflection
on assessmentresults,

5. Use assessment asid way of learning more about the discipline itself (statistics)
as well as@@bout student achievement. Rich and open-ended assessment tasks may
build not only“the student knowledge but also the teacher content knowledge.

4 __Alddressing Issues in Assessment

Assessment does not occur in isolation of teachers, classrooms, resources, and
demands of school districts. There are many factors that affect the assessment of
student learning. In addition to the constraints or demands of curriculum, there are
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three important issues to address: the role of technology, the power of high-stakes
tests, and the role of teacher preparation in statistics and assessment.

4.1 Role of Technology

Technology is an important tool in exploring data, performing s % ]
and in helping students visualise abstract concepts. T‘NC neiples and

TV
Standards for School Mathematics (2000, p. 24) stated that ogy is essential
in teaching and learning mathematics; it influences the ati s taught and
enhances students’ learning”. Using technology in the s classroom can allow
more time for the student to reason statistically b.v s computations
or graphical constructions. Simulations can allow to visualise difficult
relationships, for example, how measures of e ar re not affected by
outliers, as well as important theorems, for exampl entral Limit Theorem.
The following recommendations explain h ogy can enhance and
improve assessment of student learning

{.
idin

e Align student assessment with t
technology is an integral part of
learn, then students should be asse
example, software, Web applet, or calcu
the technology was used in the curriculum.

* Provide resources that show use,of technology even if the actual technology,
such as computers or calculators,Nis not accessible to the student. Output, for
example, from computer so alculators, can be provided for students,
allowing them to pract to interpret statistical analysis of data.
Most important is provi tput, allowing the student to develop
and communicate appropri clusions in a statistical context. There is a
crucial need for mor se resources and examples of how assessment items
can be develcgd usi eseechnology resources.

used in student learning. If
culum and the way students
ately with this technology, for
n a manner consistent with how

kes Tests

nd countries require students to take tests that are used for
p outcomes such as funding or international comparisons. These

cd by national, state, or local standards. Unfortunately, these tests
ew if any questions on statistics, and tend to focus primarily on
ther than on data analysis skills, statistical reasoning, and statistical
thinking. There is a need for such tests to include more authentic items that assess
statistical't€asoning, statistical concepts, and data analyses. It is vital that statisticians
become involved with the writing of high-stakes test. As mentioned earlier, the
high-stakes AP Statistics exam (AP Statistics Exam, AP Central) is unique in that it
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does assess the process of data analysis. Designing the questions for this examination
is a deliberate, time-intensive process. The AP Statistics committee (composed of
college statisticians and high school master teachers) made the decision if the,early
years of the examination to integrate technology into the examination by ‘giving
students access to a graphing calculator during the examination and ineluding
statistical output with some of the questions. This allows the committee to‘design
questions that require students to conceptualise the analysis of the data instead of
spending the test time computing (Roberts et al., 1999).

4.3 Role of Teacher Preparation in Statistics and Assessment

Due to the inclusion of data analysis and probability in’the elirsiculum and standards,
there is an increased expectation of teachers regarding,the teaching and assessing of
probability and statistics. Franklin and Mewborn (2006) discussed the importance of
building a nucleus of teachers who can effectively teach the'data analysis required in
the new curricula by improving the pre$esvice and if=sérvice teacher preparation
programmes. The Mathematical Education. of Teachers (MET) report (Conference
Board of the Mathematical Sciences£2001) moted that teachers should gain “both
technical and conceptual knowledge” (p-:34) of the statistics and probability content
that appears in the curriculum for their student§fand that secondary teachers, in
particular, need to “appreciate and understand the major themes of statistics” (p. 44).
The MET report also emphasises thelnecessity for teacher education to be the shared
responsibility of mathematical scientists and education faculty. Franklin and Mewborn
(2006) suggested that this collagbération, be expanded to include statisticians and
statistics departments. This,collaboration teacher preparation must also extend to
preparing teachers in the area of desired asséssment in statistics where statisticians
help mathematicians and mathematieal'educators understand how to design items that
assess statistical learning®andythe ability to analyse data. Ball (2003) and Ferrini-
Mundy and Findell (201Q)promoted the development of statistics courses for teachers
where content, pedagogy, ‘and¥assessment issues are an integrated part of the course
curriculum. Ideally, thesgcourses would be taught in collaboration with statisticians.
Given that statistics,is a‘relatively recent addition to the mathematics curriculum,
there is a critical need for adequate and accessible resources for these teachers so
that they may learipto design good items for assessing statistical learning outcomes.
This is a critical area‘of research in statistics education.

5§ Summary and Recommendations

In this chaptep’'some general issues regarding assessment of student learning of statistics
were outlined. Guiding principles were offered for each of the three pillars of an
assessment triangle: cognition, observation, and interpretation. These pillars are used to
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consider the overall quality and use of an assessment. These three pillars also relate to
assessments used for different purposes. A good assessment item that has been designed
with the three pillars in mind could be used as an assessment of learning (
in a final exam); an assessment for learning (an item used as a review
exercise in order to provide formative feedback for students); or an

assessment beyond evaluation and grading, to use asses
part of the learning process. Distinctions between assessmen:
as opposed to assessing mathematical learning were
writers of high-stakes assessments were encouraged t essments that are
appropriate and authentic to the discipline of statiis

For assessment to influence learning, curriculumi, hing in the most

positive ways, the following recommendations a

learn, as part of their

1. In-service and pre-service statistics educatg
i earning. This includes

preparation, appropriate methods of assessi
general principles and techniques of,
regarding assessment of statistical
2. High-quality and accessible reso
as well as test developers.
3. Collaborative activities that involve deve ent and evaluation of students’
assessments should be encouraged amongst éducators.

ilised by teachers of statistics
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Part I11
Teachers’ Beliefs, Attitudes
and Kn

® 2

Among the different topics of the Study identiﬁeo’r Inte nal Programme
Committee, Topic 2 was focused on Teachersjattit edge, conceptions
and beliefs in relation to statistics education ssions 11 the related working
group made clear that we face a challenge to ingfe ddmprove the quality of
research related to the preparation of teachers t¢ % stics, since research in
this topic is very scarce, in spite of the ion education of teachers has
received in other areas of mathematicsgdueation.

Focusing on this Topic, this part
ICMI/IASE Study. It is aimed at provi is of the relevant research related
to the topic, as well as suggesting future rese ections and recommendations to
train teachers. There are 12 chapters in the part that are arranged into the following
three themes: (a) teachers’ beliefs attitudes; (b) teachers’ statistical knowledge;
and (c) teachers’ knowledge to teach statistics.

Since the study of teachers] beliefs and principles forms part of the
process of understandingyhow teachers ceptualise their work, the first three
chapters in this part dealt e emoti component in teacher education and
the impact of this component ers’ instructional decisions.

In the first chapter o Pierce and Chick analyse teachers’ beliefs about
statistics education, inc g the relationship between statistics and mathematics,
the place of sta.i i iculum, what statistics content is important for
students to learn, a tudents learn statistics. These beliefs can be thought of
as lenses throug
teachers’ previous experignces with the topic, which usually influence the way they
teach statistics ay the students learn statistics. Suggestions for further

have achieved in this Joint

, Estrada, Batanero, and Lancaster clarify the differences among
and beliefs, then describe the main components of teachers’

iencias de la Educacién, Campus de Cartuja, 18071 Granada, Spain
e-mail: batanero@ugr.es
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attitudes towards statistics and review some instruments for measuring these
attitudes. The authors summarise research on teacher’ attitudes towards statistics,
and describe the variables that affect these attitudes. They suggest that prfoféssional
development which engages teachers in a direct exploration of their belief§
may provide the opportunity for changing attitudes. Some implicationsforitsaining
teachers in statistics are finally discussed.

On the basis of the cognitive constructivist framework, educationaliresearch has
begun to look at teachers’ implicit and explicit theories of teachingand learning as
determinants of teaching practices and student learning. Eichler “highlights three
relevant and complementary points that depend on statisties téachers’ thinking
and influence their decisions in the classroom: (a) teaches$’ planning for teaching,
(b) the relationship between teachers’ planning and theirelassroom practice, and
(c) the relationships among teachers’ classroom practices andstudents’ learning.
For each of these issues, the author provides ap,overview of the relevant research
from mathematics and statistics education and; finally, someTesults taken from his
own research on these issues.

The next group of chapters in this part (Chaps.\20-25) summarise research related
to teachers’ statistical knowledge in spegific topics: giaphs, variation, distribution,
sampling and inference, and correlation.

Statistical graphs are essential for gXploringpanalysing and communicating data,
and are tools for transnumeration, 4 basic cemponent in statistical reasoning and
thinking. In their chapter, Gonzalez, Espinel, and Ainley firstly explore the levels
and components in graphical competence, and then summarise existing research on
teachers’ graphical competence. Thiey finish their chapter with some implications
about how graphing may be taught‘and the abilities about this topic needed in
teachers, and learners.

Since it has been a part of the curriculumyfor a long time, students’ understanding
of averages has been one of widest areas gxplored in statistics education; however
research focused on teachers’ understanding of averages is still very scarce. Jaccobe
and Carvalho firstly analyse some studies related to school students’ understanding
of averages and then focus gn teachers’ understanding and professional knowledge
about averages.(The, authors¥€onclude that there is not much difference in the
knowledge of students and teachers, since research shows reliance upon procedural
algorithms and aggeneral lack of conceptual understanding by both students
and teachers. Consequently they suggest that the way to impact on students’
understanding is by,addeessing teachers’ statistical preparation.

Several authors have'suggested that variation is at the heart of statistics; however,
this is nof{a simple concept as it is linked to other statistical ideas, such as
uncertainty,ehange, variable, distribution or outlier. Moreover, understanding of
variation is apresréquisite for other important ideas such as distribution, probability
or infeséncen This concept and the related literature are analysed by Sanchez,
Borim, and Coutinho, who discuss teachers’ understanding of informal and formal
expression offvariation, and their ability to deal with variation in comparing groups
and in random situations. Some studies on students’ understanding of variation that
focussed on these same topics are also reviewed.
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Knowledge of distribution is also supported in the understanding of key concepts
such as centre, spread, and shape. At the same time, this knowledge is needed in
other complex statistical ideas, such as sampling distribution, statistical gonfidence
or statistical significance. Using the metaphor of a “web of statistical knowledge”
as a set of interrelated ideas needed to reason statistically, Reading ‘andy€anada
offer a deep analysis of distribution as an important point in this web.of knowledge.
The authors summarise research studies that have investigated the knowledge
development of teachers as regards the idea of distribution, both While training and
while teaching. They finish with some recommendations forsteacher l€éarning and
future research into teachers’ knowledge of distribution.

Statistical inference is a main tool in research and\management; however the
application and interpretation of formal inference procedureshsuch as significance
tests or confidence intervals is often incorrect. Untilgvery recently, these topics
were only studied at University level; however, in/the past few years, ideas of
statistical inference are being increasingly includedyin the high school curriculum
in many countries. Harradine, Batanero, and Rossman analyse in their chapter the
basic components of statistical inference and summarise the most relevant research
related to understanding of formal inferefice, part'of which has dealt with teachers.
Implications from their survey includg/the need te develop multiple meanings of
sample in students and the possibiligylof teaching informal inference procedures,
before a formal study of the topic.

The last concepts analysed in this part are‘corrélation and regression that expand
to random situations the concept of functional Jdependence. Engel and Sedlmeier
suggest that people’s reasoning abdut association between statistical variables is
conditioned by their experience with\deterministic mathematical functions. In the
study of regression, different mathematical functions are used to model the data.
Understanding regressionyand correlation, requires, however, apart from basic
knowledge about functions, amyappreciatien) of the role of variation. The authors
revise some common errors and fallacies related to the concepts of correlation and
regression and provide some fecommendations to overcome these difficulties.

All teaching requiresyteachers to have knowledge, of both the content to be
covered, and of effectiveiways to teach it. The last three chapters in this part
(Burgess; Godino etialijpCallingham & Watson) discuss the pedagogical content
knowledge that teaghers'need to teach statistics.

Isolated undgrstandings’of fundamental statistical ideas do not guarantee that
teachers are suceessful when dealing in the classroom with statistical investigations
and projects. Burgessiin his chapter presents a theoretical model of the knowledge
that teachgrs needito successfully implement the teaching of statistics through
projects andyinvestigations, as recommended in the new curricula. A summary of
researeh relatedWto teacher knowledge of statistics investigations and teacher
pedagogicalhknowledge to teach statistics through investigations are used to
describe components in this knowledge and offer examples of situations where
teachers cangise each of these components.

In addition to Burgess, other authors have offered different theoretical analyses
of the knowledge that teachers need to successfully manage the complexity of
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teaching mathematics or statistics. Pedagogical content knowledge in the sense
proposed by Shulman is a widely accepted approach to conceptualising teachers’
content-specific belief systems about students’ learning and appropri
teaching. Following Shulman’s research many authors have analysed t
put in play in effective teaching. Godino et al. summarise and comp
research related to the education of mathematics teachers, as well
that statistics educators have offered to describe the knowledge
on these analyses, the authors offer a new framework where d
levels of knowledge that should be taken into account Wl.e ca ematics
and statistics teachers are considered.

As with other topics, efforts to increase teachers’ ped ical dge to teach
statistics should be based on previous evaluation_of th edge. Callingham
and Watson summarise the scarce research related i ate instruments
to measure teachers’ statistical pedagogical also present some
findings from a large-scale Australian study tha eparing instruments
to assess the teachers’ knowledge and discuss thed i

In summary, although each chapter in this pattd ith a different topic, each

paration of teachers’ educators and scious of the efforts needed
to prepare mathematics teachers t:
the different research questions included 1
towards this priority area of research.

o
2

chapter may attract researchers

&
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Chapter 17

Teachers’ Beliefs About Statistics Educati

Robyn Pierce and Helen Chick Q
0. &

Abstract Beliefs have long been known to a& chi nd learning. In
statistics education, little research has been conduc ature of teachers’
beliefs, despite the likely impact these belie on teachers’ activities. This
chapter first considers content-focused beliefs abou i¢s, its relationship with
mathematics, and its place in the curriculum, be % essing beliefs associated

and the impact of beliefs

on teaching are considered, and suggestio er research are proposed.

1 Introduction

Teachers’ beliefs influence the actio
In teaching about measures of
will be influenced by beli
mean, whether students sho
whether technology might help

of teachers conducting statistics lessons.
ency, for example, teachers’ approaches
out whethef\students need to practice computing the
associated with real-world situations,
learn, and whether it is important that students
learn how to choose appr easures. The study of students’ and teachers’ beliefs
relating to mathematics ation has a long and extensive history; the story for
statistics educati‘s ar: omparatively short, especially for teachers’ beliefs.
This chapter us ipp’s definition of “beliefs” (2007), which derives from
and clarifies the tesm’s u the literature. He defines beliefs as “psychologically
held understandings, premisSes, or propositions about the world that are thought to
be true” (p. 259 e regarded as cognitive (so are “known” in some sense);

C. Batanero, G. Burrill, and C. Reading (eds.), Teaching Statistics in School
Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
DOI 10.1007/978-94-007-1131-0_17, © Springer Science+Business Media B.V. 2011



R. Pierce and H. Chick

he uses the metaphor of “lenses” through which we view the world (p. 258). Beliefs
may be held with varying degrees of conviction, and may seem inconsistent or
contradictory from an observer’s point of view (p. 260). As a result, beli
amenable to measurement using scales.

Philipp contrasts beliefs with attitudes, which are associated
Attitudes are “manners of acting, feeling or thinking that show one’
opinion” (p. 259). Unlike beliefs, attitudes are commonly asses$
scales. In a separate chapter, teachers’ attitudes towards_statis ion are
described and discussed (Estrada, Batanero, & Lancast i
beliefs will affect but not determine their attitudes.

The importance of students’ beliefs regarding statistic ed for many
years. Gal, Ginsburg, and Schau (1997, p. 38) highligh dents, beliefs
influence (a) the teaching/learning process and (b) s ’ ip with statistics
beyond the classroom. The first point applies eguall eachers’ beliefs; the
second, as highlighted by Estrada and Batan ’
beliefs. The study of teachers’ beliefs in statistics

issthus essential.

1.1 Contextual Issues

There are three background issues that m aised. The first is the scope of
“statistics”. What counts as “statistics” in the school curriculum varies widely, from
simple data representation at the prifnary (elementary) level, to beginning inference
at the secondary level. There me who believe that pre-secondary data
representation work should not statistics at all.

Second, statistics, as adi 1 ly recently entered the curriculum in a
substantial way. While so i ad statistics as part of the high school
curriculum for 40 years (see, €. ian & Rejali, 2008), only in the last 20 years
has it received a major p e, e.g., National Council of Teachers of Mathematics,
1989; Australian Educ Council, 1991). In some countries the inclusion of

statistics dates ot ecade (e.g., Ainley & Monteiro, 2008; Newton,
Dietiker, & Horvat ; Opolot-Okurut, Mwanamoiza, & Opyene-Eluk, 2008;
Wessels, 2008).

Finally, teac aveyvaried life and academic experiences. Some have studied
statistics forma hers have not. For those who have studied statistics,
their views as.,a t may reflect the views they held as a student. If teachers’
atistics have been within other disciplines or in everyday

atistics may have varied beliefs because of the relative emphases
statistics, applied statistics, and statistics education issues within
he three factors — the scope of statistics, the recency and place of
school curriculum, and teachers’ backgrounds — must be considered
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1.2 Overview of This Chapter

With this as background, there are particular domains where beliefs are significant
for teachers and school statistics teaching. In 1997, Gal et al. proposedysome key
areas for investigation, such as what teachers believe about statistics itselfsrthe
relationship between mathematics and statistics, the place of gstafistics mn the
curriculum, what statistics is important for students to learn, and how students learn
statistics. The early sections of this chapter examine these, questions;,and present
some results and speculations. Shaughnessy (2007, p. 1001); hewever, points out
that — despite the years since the questions were propesedsand a reiterated call by
Batanero, Garfield, Ottaviani, and Truran (2000) — very\little work has been done.
The surveys by McLeod (1992), on students’ beliefs” in“mathematics, and by
Thompson (1992) and Philipp (2007) on teachers’ beligfshgive inSights into possible
issues, but statistics education is absent from theis,considerations. There were few
papers on the topic presented at the Joint ICMIAASE, Study conference in 2008
(Chick & Pierce, 2008; Eichler, 2008; Sedlmeien'& Wassner, 2008), and what little
has been done involves case studies and/or small omconyenience samples. Results
about teachers’ beliefs in mathematicseducation and'tertiary students’ beliefs in
statistics education may supplement @hat“is, known about teachers and statistics
education. Other sections will consider influences on and impacts of beliefs, and
belief change. The chapter concludes by suggesting areas needing critical attention.

2 Teachers’ Beliefs About Statistics: Discipline
and Curriculum Issues

Teachers’ beliefs about statisties education involve their beliefs about statistics
itself and its place in thefeufriculum. Do teachers’ beliefs about statistics match
the views of statisticiangyand statistics educators? In asking this, it is necessary to
identify the views of the laffér group, since their perceptions about statistics
education may suggestheertain “desirable beliefs”. A strong theme at the Joint
ICMI/IASE Study_conference'was that teachers must see that statistics is not defined
by procedural ¢omputations but rather by investigative processes in the context
of societal activityp(Gattuso & Ottaviani, this book). Pfannkuch (2008) expressed
concern that_with “statistical graphs, for example, schools emphasise construction
techniquesf(rather than the thinking needed for data-based decision-making. This
highlights'@aypossible mismatch between teachers’ beliefs about statistics and how
statisties educators’view it.

Oveg@'décade ago Cobb and Moore (1997, p. 801) also drew attention to features
ofythe discipline of statistics, and asserted that “Statistics requires a different kind
of thinking, because data are not just numbers, they are numbers with context”
(emphasisiin original). Wild and Pfannkuch (1999) highlighted ways in which
statistical thinking is different from mathematical thinking, having investigative
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cycles, distinctive types of thinking, interrogative cycles, and characteristic
dispositions. This underpins Pfannkuch’s (2008) discussion of the implication of
these for teaching: “To be a teacher of statistics is to realise that one is nét t€aching
a branch of mathematics but ... a discipline that has its own independentintellectual
method” and that “statistical thinking or reasoning or literacy needs to/berecognised
as a key educational goal for all students” (p. 5). These views provide,a background
to an examination of the beliefs about statistics held by teachers themselves, as
opposed to statistics educators.

2.1 Beliefs About Statistics

Teachers’ beliefs about statistics itself will influence their attitude towards teaching
statistics and their practice, and will depend on/theirown experiences with statistics.
Primary school teachers seldom will have studiedstertiarypstatistics, so their beliefs
may reflect those of the secondary school students they:once were. Secondary
school teachers, in contrast, probably have.studied atgléast one tertiary statistics
subject. With few studies on teachers/ actual beliefs, some information may be
extrapolated from students’ beliefs, Ompthe Jassumption that those beliefs leave a
legacy when such students become4eachers.

For example, teachers who have studied terfiary statistics may have beliefs
matching the views of 20 Australian university students in Reid and Petocz’s (2002)
phenomenographic study. From interviews with students taking a first course in
statistics (typically descriptive statistigs, probability and inference) or a third year
course in statistics (regression/amnalysis), six conceptions of statistics emerged.
These were: Statistics is ¢l) individual mamerical activities, (2) using individual
statistical techniques, (3) a\collection of statistical techniques, (4) the analysis and
interpretation of data, (5) a way-of amderstanding real life using different statistical
models, and/or (6) an inclusive tool used to make sense of the world and develop
personal meanings. Coneeption ) suggests a belief that statistics is a particularly
mathematical aétivity; Concéption 6 recognises that statistics involves ways of
thinking and sense;making, reflecting Pfannkuch’s (2008) views. The intervening
conceptions omitaspects_ of the more sophisticated ones. Such conceptions or
beliefs are likely to influgnce a teacher’s approach to teaching statistics.

In a study of primary.teachers, Begg and Edwards (1999) collected views related
to statistics from 22%practising and 12 pre-service teachers. When asked about the
usefulness/of statistics several themes coinciding with Conceptions 5 and 6 (above)
emerged, ineluding that statistics helps us make sense of our world; plan for
thefature; summarise information; and compare, organise, and predict. However,
these tea€hers,also felt that statistics can be “easily manipulated to support any view,
berit wrong or right” (p. 2). Despite this perception, however, teachers generally
disagreed with the statement “statistics are fairly worthless because people who
have contrasting views on a certain issue can each use the same statistical finding
to support their view” (p. 2).
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Such a mixture of beliefs was also found by Chick and Pierce (2008). Their
data from 27 pre-service primary teachers employed a statistics attitudes and
beliefs survey using the SCAS instrument reported by Garfield (19965 see also
Gal et al., 1997). This group of teachers had not studied tertiary statistics:“They
did not hold strong beliefs about statistics or its value, although thereiwas,strong
agreement with “To be an intelligent consumer, it is necessary to know something
about statistics”. On the other hand, a majority agreed that/When buying a
new car, asking a few friends about problems they have had \with their cars is
preferable to consulting an owner satisfaction survey i a consumer fagazine”,
suggesting a belief that personal opinions have more value than Statistical reports.

2.2 Beliefs About the Relationship Between Mathematics
and Statistics

In most countries, in both primary and secondaty, schools, the same teacher is
responsible for teaching mathematics @mne statistics. Teachers’ and pre-service
teachers’ beliefs about the relationship’ between mathematics and statistics at the
school level vary. Statistics typically i8 ifeluded™within the mathematics curriculum.
Anecdotal evidence suggests that pfimary. teaehers/for example, may not think of
themselves as teaching “statistics” but rather applied number work. Begg and Edwards
(1999) found that most of their practising and pre-service primary teachers believed
that statistics was part of mathematics, but thought that a good understanding of
mathematics was not necessary in order to grasp basic statistical concepts. Many
claimed “statistics gives students‘who fiight have had a ‘bad’ experience with maths
another chance” (p. 2). On\thefother hand, the pre-service primary teachers surveyed
by Chick and Pierce (2008)\wete,split, in their responses to the statement “You must
be good at mathematics to understandibasic statistical concepts”.

Although the teachefs“in’'Begg and Edwards’ (1999) study recognised the
cross-curricular nature ofystatistics, they taught it as part of mathematics. Those
who valued statistics, did“so because, in their view, statistics gives meaning to
mathematics and they believed that students find statistics motivating and fun.
The majority of praetisingeachers saw teaching statistics as the same as teaching
mathematics, while thoseg in the pre-service group were not as sure of this, but still
viewed them similarly:#it’s part of maths; we know it’s a maths thing” (p. 5).

Finally, little,work“has been done on whether teachers hold different beliefs
about how/mathematical and statistical activities are conducted. Gal and Ginsburg
(1994) recommended considering Schoenfeld’s list (1992, p. 359) of typical student
beliefS about“the”nature of mathematics and mathematical activity. Schoenfeld
SuggestS thatystudents come to believe that mathematics problems have a single
right answer and one method of solution, that mathematics is a solitary activity, and
that problems have quick solutions. Whether or not feachers believe this about
mathematies is another question; more salient for this chapter is whether these
beliefs are held by teachers or students for statistics. There may be differences;
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certainly lesson plans produced by pre-service primary teachers (Chick & Pierce,
2008) seemed to reflect a belief that group work — rather than working alone — is
appropriate for learning statistics.

2.3 Beliefs About the Place of Statistics in the Curri :
Statistical literacy and quantitative data analysis are requlr Cross ciplines

and outside the classroom (Watson, 2006). Although s

part of mathematics, statistical literacy is needed, fi

articles in the media, record or interpret results in sci omt

of sporting teams, or to quantify social problem
statistics in the curriculum Begg and Edwards’
that studying statistics was important for prima
thought it was “really important” or “one of the
Chick and Pierce’s (2008) pre-service primary t
primary school students did not spend
and Wassner (2008) surveyed 40 seco

taught as
understand
performance
ng the place of
spondents all thought
but only a quarter
' portant areas” (p. 6) of

with other areas of mathematics. J
(and very few said statistics was less im
asked if statistics should be “given more hou
mathematics topics got less” few teachers agreed.

Across this limited number of stiidies, the majority of teachers surveyed believed
that understanding statistics is i rtant for everyday life. However it is not known
where they believe this teachi ced: under the umbrella of mathematics
or in the context of other disCiplines. Statistics seems to be “accepted” as part of
mathematics, yet this sits u i a, discussed earlier, that it is separate.
In addition we know nothi ews of secondary teachers who specialise in
teaching disciplines ot athematics and statistics. It is not clear whether
they believe thagatisti i al to their curriculum area, or if they see it as the
responsibility o

it was of higher importance
other topics); however, when
er week even if this meant other

3 Teachers
of St

About the Teaching and Learning

eli out What Statistics Is Important
dents to Learn

etimes externally imposed by curriculum or policy, that an informed
citizen in today’s world needs a basic understanding of statistics impacts on
individual teacher’s beliefs. Believing that “to be an intelligent consumer it is
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necessary to know something about statistics” — a view held by most respondents
in the studies of Begg and Edwards (1999) and Chick and Pierce (2008) — reflects
this common perception. Such beliefs may influence what statistics teachérsibelieve
students should learn.

In the Begg and Edwards study (1999) teachers expressed a belief that Statistics
has utilitarian value for functioning in all areas of life. Nearly all_these teachers
mentioned teaching graphing and data collection. These are essefitially procedural
skills. Beyond this, teachers indicated that they believed graphs\were valuable for
communication although far fewer referred to graphs as data exploration tools.
Watson (2001) profiled 43 primary and secondary teachers with réspect to teaching
chance and data, and noted a typical response from a prifhary teacher: “Children
live in a world where data is flowing so fast that they myst beyable to comprehend
what is going on” (p. 314). The secondary teachers believed it wasimportant to teach
graph interpretation and construction, central measures, spread of data, practical
applications, and probability and how it is usediin'seciety. Primary teachers were
more likely to suggest student surveys, focusing on interests and hobbies.

These few examples show a trend towards an increased emphasis on statistical
thinking and literacy, although it is uncl€as.if deep statiStical reasoning, as called
for by Pfannkuch (2008), is being fostgred.

3.2 Beliefs About Teaching and Learning Statistics

Beliefs about teaching and learnihg statistics will naturally be linked to the age of
the students involved and to teachers’views about teaching in general and teaching
mathematics in particular{k€arning in context, with discussion as an important
class activity, is believed by|statistics gducation researchers to be fundamental. This
view is not held by all teachers, however. Eichler (2007; see also Eichler, this book)
developed case studies!of 13 German upper secondary mathematics teachers,
focusing in parteen theit *individual curricula”, meaning what teachers planned
to do. Eichler’s analysis developed four categories reflecting the teachers’ beliefs:
traditionalists, applicationypreparers, everyday life preparers, and structuralists.
Traditionalists emphasised, mathematical theory and were less concerned about
applications; they belieyed students should gain algorithmic skills. Application
preparers taught mathematical theory and algorithms so students could use
this theory® S6lve real-world problems. Everyday life preparers taught through
applications to develop abilities to address real stochastic problems. Finally,
strigeturalists Yexamined applications but as a starting point for exemplifying
niathematical theory and abstract systems.

Teaditionalists and structuralists appear to hold views about statistics and its
teaching at odds with Shaughnessy (2007, p. 1002), who emphasised context and
the viewgthat statistics is fundamentally different from mathematics. In terms of
the list of conceptions found by Reid and Petocz (2002) such teachers might hold
Conceptions 1, 2, or 3 but are less likely to hold Conceptions 4, 5, or 6.
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The mathematics teachers in Sedlmeier and Wassner’s (2008) study rated the
following strategies highly for good instruction in statistics: relating content taught
to daily issues, discussing different problem solutions, and making conneétions with
other (non-mathematical) topics. Such responses would tend to suggest thatthesé
teachers fit Eichler’s (2007) “everyday life preparers” and “application preparers”
categories. In contrast, Sedlmeier and Wassner also claimed many_teachers were
neither keen to base their instruction on students’ own data collection ner émphasise
students’ interests. This was particularly true of older teachers; \younger teachers,
in contrast, believed more strongly in making connectionsyto dailyllife, using
relevant examples, and conducting real experiments.

4 Influences on and Impacts of Teachers’ Beliefs

4.1 Influences on Beliefs

Many factors are likely to influence teachers’ beliefs about statistics education,
although this, too, has been studied verylittledBegg ‘and Edwards (1999) found that
teachers’ beliefs were related to their prior'experiences, with evidence that beliefs
about statistics being process-oriented reflected’ personal learning experiences.
This suggests likely differences between primary and secondary teachers based
on the number, depth, and nature of statistics courses experienced. More specifically,
Carvalho (2008) suggests that teachexs may find it hard to implement interactive,
experiential, and practical statisticspleasiling experiences without experiencing these
activities themselves.

Beliefs about teaching statistics may also be influenced by beliefs about statistics
itself (including its relationship‘to mathematics) and about teaching more generally.
For example, if teachergsf€ach mathematics in a decontextualised way then they
may use a similar approach/in statistics, perhaps practising procedures first before
giving “application” examplésfwith a weak context as window-dressing. Beliefs
may also be influencedpby the extent to which teachers see the value and use of
statistics, including,its real-World relevance. Similarly, mathematics teachers who
do not strongly yalue group’work, but who feel pressure to conduct it, may believe
that statistics lessons afford this opportunity more than other topics.

Given the potential mismatches between teachers’ beliefs and those of statistics
educators, As discussed earlier, further work is needed on how to modify the beliefs
of those who, for example, perceive statistics primarily as context-free algorithms.
Among limited fesearch in this area there is, at least, some evidence of positive
change A6, professional development. Frierson, Friel, Brerenson, Bright, and
Tremblay (1993) asked teachers in a professional development programme about
statistics concCepts they believed were appropriate for Grade 3. Prior to the
professional development programme the teachers nominated “isolated content”
such as graphing, probability, or organising data, but following the programme their
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views had shifted and they were advocating “conceptual ideas such as formulating
questions, or interpreting data” (p. 42). More work is needed to determine what
professional development experiences offer the greatest potential for ¢

4.2 Impacts of Beliefs

The connection between beliefs and actions is a key reas‘o inv g beliefs,
and has been part of the mathematics education literature. Werce (2008)
ske

examined the lesson plans of 27 pre-service primary teac ch statistical
concepts from a given data set. Common features o S included the
intention to encourage class discussions, and to h dent: e their findings,
but with little emphasis on teaching students tose interpret the data.
Despite limited content and pedagogical conte edge,‘which hampered their
ability to convey statistical ideas, these pre-service belief in “group work™

and “class discussion” appears to recognise that tive approach would best
serve the purpose of engaging the stude i ideas.

The case studies of Eichler (2008) i rare direct examination of the
impacts of beliefs. He explored conngCti achers’ beliefs, expressed in

d curriculum in the classroom.
He found strong links between the two (s ichler, this book). One teacher

about statistics expressed i fter completing the course. In one case
a teacher allowed students i
contexts but with unrealisti
that statistics had no rel

Implicit in Eichler’s
causality connec.n. Thi
known if particular,
outcomes, Or viceversa.

hese strategies resulted in students believing

in their lives.

, and in the discussion of the impact of beliefs, is the
, however, been explored in detail, so it is not yet

about statistics education are likely to imply particular

li or Research

Ga insburg highlighted the importance of researching the role of
itudes in statistics education. They discussed some of the typical tests
e and called for more qualitative approaches. This has not been
rom the relatively small body of work discussed here. Future studies
might provide richer data, however, if questions and interviews are
better framed to target the statistics education issues raised here.
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Although statistics is present in the curricula of many countries, and teachers
believe that understanding statistics is important for educated citizens, there is
considerable diversity in how it is treated and what other beliefs te
about it. As seen, this variability is influenced by past experiences
using statistics, and beliefs about what it means to do and underst
This affects beliefs about what aspects of statistics should be taught.i
how. More general beliefs about mathematics and teaching also

The questions of Gal et al. (1997) have thus been answered
and require further research. Larger, more systemati ies te
small-scale studies are needed. Finally, the following dir

recommended:

* Investigate teachers’ beliefs about statistics its%an h istis influenced by
the teachers’ backgrounds. Explore teachers’ about the relationship
between mathematics and statistics.

* Investigate the beliefs about statistics educati held by non-mathematics/

literacy.

* Identify what key features of statistical thi ers think they should

e lieve to be barriers and
rocedural routines.

» Evaluate professional developme, i establish which activities lead to
changes in beliefs.

* Ascertain the extent to which the local situa
affects teachers’ beliefs.

* Identify the interactions among

* Explore the impact of teachegs’

r research are

(culture, history and curriculum)

liefs, technology use, and statistics learning.
s on actual classroom practices.

Information gathered uch re would help us better understand the
factors that influence class ractice im,Statistics education.
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Chapter 18

Teachers’ Attitudes Towards Statistics

Assumpta Estrada, Carmen Batanero, and Stephen Lancaster Q
igni role in assuring
is chapter, attitudes
rimary instruments

e research on teacher
plications for training

Abstract Teachers’ attitudes towards statistics pg
success in implementing any new statistical custicu
and their component factors are conceptua
available to assess attitudes are reviewed. Follo
attitudes towards statistics is summarised. Fina
teachers in statistics are discussed.

1 Introduction

Teacher training in statistics is generally focused/on improving the cognitive aspects
of instruction with little attentionpaid to the emotional component of learning.
However, this latter factor “can impede, learning of statistics, or hinder the extent to
which students will develop u ical intuitions and apply what they have
learned outside the classr burg, 1994, p. 1).

The focus of this chapte ds statistics, which might influence a
person’s statistical behaviour 1 d outside the classroom and their willingness
to attend statistics cours future (Pajares, 1996; Bandura, 1997; Gal, Ginsburg,
& Schau, 1997). This i icularly relevant in the preparation of teachers, since
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positive attitudes towards statistics would help them to understand that statistics

statistics and an appreciation for the potential uses of statistics in fi
and professional life (Gal & Ginsburg, 1994).

This chapter clarifies the differences among attitudes, emotions$ iefs, and
then describes components of teacher attitudes and instrument
attitudes. This is followed by a summary of the scarce re re
attitudes towards statistics that tries to identify affectiv at teachers
associate with both statistics learning and the importanc ontin professional
development in statistics. Finally, some recommendations ow teacher training
may attempt to improve teacher’s attitude towardﬁa istics a luded.

t

2 Attitudes Towards Statistics

2.1 Conceptualising Attitudes

discriminated between emotions, attitude efs. These are distinguished by
represent, the degree to which

* Emotions are feelings or stat nsciousness, distinguished from cognition
(Philipp, 2007). They involv .g., satisfaction) and negative (e.g., panic)

as a source for development
cognitive appraisal ai ange rapidly (McLeod, 1992).

» Beliefs are psycholo y held premises or propositions about the world that
are thought t. tiue 007). They are largely cognitive in nature, and are
developed over ly long period of time (McLeod, 1992). Beliefs include
ideas about stati

(Galetal.,, 1
o Attitudes can ed as “affective responses that involve negative or positive
ate intensity” (McLeod, 1992, p. 581). More recently Philipp

position or opinion towards a topic. They are relatively stable,
hange, and comprise a larger cognitive component and less emotional

Consequently, the sequence of beliefs, attitudes, and emotions represents
increasing levels of affect and intensity of response, from cold beliefs related to liking
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or disliking mathematics, to strong emotional reactions such as feeling frustration
when not being able to solve non-routine problems. The sequence also represents
decreasing levels of cognitive involvement and response stability (McLedd,#992).
In summary, attitudes collectively form an important psychological construet that
is often used to understand and predict an individual’s reaction to an objectland how
behaviour can be influenced (Fishbein & Ajzen, 1975). Attitudes are expressed
along a positive-negative continuum, such as like-dislike, pledsant-unpleasant,
and may represent, for example, feelings towards a teacher, a topie, or an activity.
They change more slowly than emotions because they ate mere cognifively based
(Philipp, 2007). Attitudes towards a topic derive from positive/Ornegative experiences
over time devoted to learning. Students may have had su¢h.€xperiences — in the case
of statistics — at school or in informal learning out of scheolStudents may have a
fuzzy understanding of what statistics might be ‘about;, or be“unaware about life
domains where statistics may be used, and thisglack of'knowledge can affect their
attitudes. In other cases, students transfer their negative feelings fowards mathematics
into statistics (Gal & Ginsburg, 1994). All of these*considerations are applicable to
prospective teachers or in-service teachers with no,specifie training in statistics.

2.2 Components in Attitudes

As suggested earlier, several authors conceptualise attitudes as a multidimensional
concept. Wise (1985), for example, distinguished between attitudes towards a course
in basic statistics that the students wergtaking (course subscale) and attitudes towards
the use of statistics in their field Ofystudy, in the future (field subscale). Three of the
generally accepted components,0f the term*attitude” (Aiken, 1980; Auzmendi, 1991;
Olson & Zanna, 1993; Gémez;Chacén, 2000) are: (a) Affective: feelings about the
object in question, (b) Cognitive: théperson’s self-perception as regards the object, and
(c) Behavioural: the persom’§linelination to act towards the attitude object in a particular
way. Schau, Stevens, Dauphine, and del Vecchio (1995) assumed four dimensions: (a)
Affect: feelings ¢onhcerning statistics; (b) Cognitive competence: perception of self-
competence, knowledgépand intellectual skills when applied to statistics; (c) Value:
appreciation of the uscfulness, relevance, and worth of statistics in personal and
professional lifegand (d) Difficulty: perceived difficulty of statistics as a subject.

Depending onithe above established sub-constructs, over the last two decades a
large number of toels to'measure attitudes towards statistics have been developed.
Below we deseribe,only the most widely used instruments.

8 Measuring Attitudes Towards Statistics

Since attitude is a psychological construct it cannot be directly measured and the
use of only a single statement or question to assess attitude will not provide reliable
responses. The most common approach is to use a Likert-type survey that requires
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individuals to decide on their level of agreement with a number of statements related
to the different components of attitudes. Responses are generally on a five-point scale
(i.e., strongly agree, agree, neither agree nor disagree, disagree, strongl
For example, the sentence “I enjoy taking statistics courses” is relate
component and strong agreement suggests a positive attitude in thi
At the same time the sentence “I am under stress in the statistics cla
a negative attitude, also in the affect component. Scores in items
in negative form should be reversed, before the scale and com: ores are
formed by adding the scores in the different items. Threl ¢ dely used
scales measuring attitudes towards statistics are described

o Statistics Attitude Survey (SAS; Roberts & Bilderbal
1982) — the first instrument to measure attitude'
designed to be one-dimensional, with 33 Likert-t

erts & Saxe,
. This scale was

o Attitudes Toward Statistics (ATS; Wise, 198 29-item, Likert-type
scale with five response possibilities consis
(20 items) and Course (9 items) subscales re: aim to measure attitudes

of statistics in their fields of study.
* Survey of Attitudes Towards St
Elmore, 2005). The scale consists o easuring four components of
students’ attitudes towards statistics: A (six items measuring feelings
concerning statistics), Cognitive competence (six items assessing perception of
self competence, knowledge, and\intellectual skills when applied to statistics),
Value (nine items that conc appreciation of the usefulness and worth of
statistics in personal and pr ife) and Difficulty (seven items measuring

the perceived difficulty atistics, as a‘subject).
These and other instrunie been extensively used to measure attitudes

towards statistics in un duate students (see Carmona, 2004, for a survey).
There is, however, littl archiconcerning teachers’ attitudes towards statistics,
and most of it t th prospective teachers. In the next section, we

al
summarise researc ing teachers’ attitudes towards statistics and then analyse
research that ide'@ es affecting these attitudes.

4 Teac itudes Towards Statistics

chau et al., 1995; Cashin &

ce describing teachers’ attitudes towards statistics deals with
themes: (a) measuring teachers’ global attitudes towards statistics
ds, 1999; Estrada, 2002; Estrada, Batanero, Fortuny, & Diaz, 2005;
Chick & Pierce, 2008) and comparing these attitudes with those of undergraduate
other fields (Onwuegbuzie, 1998, 2003); (b) focussing on a specific
part of teachers’ cognitive competence, namely, their attitudes towards their
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role as continuing learners of statistics (Lancaster, 2007) and (c) analysing
teachers’ attitudes in relation to the teaching of statistics (Begg & Edwards, 1999;
Watson, 2001).

4.1 Teacher Global Attitudes Towards Statistics

Begg and Edwards (1999) used interviews, an unspecified suryey scale and concept
maps to study attitudes in a sample of 22 in-service and 12%prospective primary
teachers. Results showed negative attitudes in the affegtive component, with the
teachers expressing feelings like “fear”, “horror”, or “lack ofjintetest”. As regards
value, some teachers considered statistics impottant;, since“It" helps us make
sense of our world” or “It helps us compare and ofganiseythings, shows trends,
and enables us to predict”. Despite the teachers’ concern about how statistics can
be manipulated, they generally disagreed with ghe statément “Statistics is fairly
worthless”. Most of the teachers thought that a goed understanding of mathematics
was not needed to grasp basic statistical coneepts. Theyadid not consider themselves
good with statistics, although they wefe confident about their ability to read and
understand statistical terms and graphshin the media.

Estrada (2002) measured the attitudes towards statistics in 66 in-service and 74
prospective primary school teachers. She developed her own scale that contained
25 items taken from SAS, ATS and another scale (Auzmendi, 1991) built in
Spain. In her scale, Estrada compleinented the three classical attitude components
(affect, cognition, behaviour), with angther three possible components: (a) Social:
perception of the value of statisticslimgsociety; (b) Educational: interest in learning
and teaching statistics; and (@) Instruniental: perceptions of the use of statistics
in other areas. Results of thisystudy showed neutral attitudes towards statistics in
both groups with better scores i itéms measuring the instrumental role of statistics
(e.g., “I understand bettgftheresults of elections when they are presented through
statistical graphs”) and the £ducational value of the topic (e.g., “You should learn
statistics in schaol’)..Lower s€ores corresponded to items measuring confidence in
statistics (e.g., “Reality €an be manipulated with statistics”) and affect (e.g., “I enjoy
taking statistics courses™).

Later Estradafet al. (20Q5) gave the SATS instrument to a sample of 367 prospective
primary school t€achers in Spain. Results showed moderately positive attitudes
on cognitive_competence items (e.g., “I can learn statistics”) and value items
(e.g., “Statistics ishworthless”) having the highest scores. Correlations were found
between thepsubscales Affect and Cognitive Competence, and Affect and Value.
Consequentlyliking or disliking statistics was related in these teachers to their
perception ofjself-capacity to learn statistics and to the value given to statistics.

Chick and| Pierce (2008) gave 10 items taken from SATS to 27 prospective
primary school teachers. Results showed that the teachers had neutral attitudes.
As regards the value of statistics, even if they agreed with the item “To be an
intelligent consumer, it is necessary to know something about statistics”; a majority
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also agreed that “When buying a new car, asking a few friends is preferable to
consulting an owner satisfaction survey in a consumer magazine”.

Onwuegbuzie (1998, 2003) used ATS to compare prospective teache
towards statistics with those of graduate students enrolled in other sour:
found that teachers in his sample had fewer positive attitudes toward i
did other graduate students.

4.2 Teachers’ Attitudes Towards Their Role g %;g

Learners of Statistics ‘ ‘
Continuing professional development is an import’ e edy the lack of

2y
teachers’ statistical content and pedagogical con n Hill & Ball, 2004)
0 p ate in professional

and therefore, it is important to motivate te
development in statistics (Gould & Peck, 2004).

continuing students of
hers in the United States

Lancaster (2007) investigated cognitive com

Likert-type survey with five respo
questions such as “Would you be i articipating in a workshop or other
professional development that focuses on 1 ng your knowledge of statistics
for the grade level you wish to teach?” and “Do
or other professional developmentsthat focuses on improving your knowledge of
statistics would improve your ability to,teach statistics at your desired grade level?”

willingness to participate i iviti to statistics in the future.

The prospective teacher i the early part of their mathematical
training, and had an experie tructor with a reputation as a motivational
teacher, had higher cogni petence for statistics than did prospective teachers
who were in the late par eir mathematical training and were learning statistical
concepts in a clz.w' h a nstructor. Though the numbers involved with this
comparison were Mmall, these results underscore the possibility that
ea

instructor compe aching style may affect student attitudes and beliefs
towards statistics.

4.3 Te % itudes Towards Their Ability to Teach Statistics

ve focused on teacher attitudes towards statistics as a subject to teach.
, Begg and Edwards (1999) analysed the teachers’ attitudes towards
istics and found that about 75% of the practising teachers in their sample
hen teaching the topic. These teachers were confident in their statistical
abilities and showed low interest in continued professional development in statistics.
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Watson (2001) designed and administered a multi-faceted survey to 15 primary
school teachers and 28 secondary school teachers in Australia with the aim of
assessing professional development needs for teachers arising from s in
the mathematics curriculum. The survey included Likert-type questions
questions, and the option of an interview. A part of the survey
teacher confidence to teach specific statistical concepts. Teacher

highest for “graphical representations” and lowest for “odd eachers were
asked what type of professional development they would prefer\Fe t of every
ten indicated school-based sessions while two out‘

ery
independent readings or a University course. Of those w ided responses
to this question, many believed that there was a n for m professional
development opportunities.

In summary, research described in this section 00T tral attitudes in
prospective teacher. This might be explained by,the rospective teachers’
attitudes depend on their previous experiencCe ith statistics, which is often
restricted to studying statistics in school or stud istics with a very formal
mathematical approach. Moreover, if a teacher h; gnitive competence, then
he/she may be less likely to be motivat continuing professional
development in statistics. Results rela > confidence to teach statistics
are scarce and inconclusive, so more d in this area.

5 Variables That Affect Teacher Attitudes Towards Statistics

Research that has tried to id.
focuses mainly on thre
statistical knowledge (Nass
(b) relating prospective tea

tors affecting the attitudes of teachers
relationship between attitudes and
t al., 2005; Estrada & Batanero, 2008)
itudes to other affective variables (Lancaster,
2007, 2008); and (c) ass differences in attitudes in prospective and practising
teachers (Estrada et al.) Estrada & Batanero, 2008).

®
5.1 Relatin ospe’ve Teachers’ Attitudes

and StatisticallKnowledge

h

SATS to examine the relationships among attitudes towards
athematical aptitude, and statistics achievement of 167
ers in Egypt taking part in an introductory statistics course.
ievement in statistics was assessed using ten open-ended questions

tests). er found a small positive effect of attitudes towards statistics on
achievement in statistics.
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Estrada et al. (2005) also analysed the relationship between prospective teachers’
attitudes and their statistical knowledge as assessed by nine open-ended items taken
from the Statistical Reasoning Assessment (SRA) questionnaire (Garfigldp2003).
The particular SRA items used in this study assessed understanding,of the‘main
statistics content in the Spanish primary school curriculum: reasoning-about data,
graphs, average and spread, uncertainty and sampling bias. The authors found a
significant and worrying percentage in the sample of prospectivefteachers,who did
not understand some of the elementary statistical concepts they ‘Will have to teach
to their future students. There was a significant correlation between”attitudes
and the number of statistics courses previously taken by“theyparticipants, as
well as between attitudes and performance on SRA items. Detailed analyses of
scores showed that attitudes improved consistently with the numbér of courses and
knowledge of statistics.

In order to understand prospective teachers’ aftitudes, and misconceptions
better, Estrada and Batanero (2008) carried out:a éemplementary study of a new
sample of prospective teachers (n=121) who were onlylgiven the ten SATS items
that had yielded lower scores in the Estrada et al.(2005)\study. These participants
were asked to first complete the ten it€ms and‘thengjustify their responses. A
qualitative analysis of their open justifications seryed to classify the main reasons
for positive and negative scorings infthe Estrada and Batanero (2008) study. The
main explanations given for positive attitudes incltided: (a) considering statistics
as an easy topic, e.g., “pretty logical and simple”; (b) satisfactory learning
experiences, e.g., “the teacher explained it well”; (c) novelty of the topic, e.g., “I
like topics that are non-routine”; (d) perception of the usefulness of statistics for
a teacher, e.g., “you have to knowhabout statistics to be able to teach it to
children”; and (e) the formativ€mvalue of statistics, e.g., “essential in many
different kinds of work”. {Lhegmain reasons for negative scoring were: (a) lack of
previous knowledge or training, e.g., “I @nly studied statistics at primary school
and I hardly remember anything”j(b) difficulty with statistical reasoning, e.g.,
“you need too much logi€al thinking”; (c) content too formal, e.g., “symbols and
equations are too strange’;/(d) considering that statistics is not valued in society,
e.g., “statistical(knowledge isthot required when you look for a job”; and (e) lack
of knowledge of /applications, e.g., “I found no possible applications of
statistics”.

Onwuegbuzie (1998,,2003) also examined attitudes and knowledge among
teachers. He concludeddthat attitudes towards statistics have a strong relation to
achievements,on statistics; however, the impact on reasoning abilities in statistics
is not so high“because statistical reasoning abilities are more strongly tied to
mathematiesyoutcomes than to statistics outcomes.

In'summary, the'research reported above related attitudes to statistics achievement.
Positivesattitudes increase when students have good learning experiences and
perceive value for their own professional work or for their students’ education.
Negative attitlides are linked to perceived difficulty, lack of knowledge and overly
formal content.
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5.2 Relating Prospective Teachers’ Attitudes
to Other Affective Variables

Lancaster (2007) also investigated the effect of several variables o
teacher attitudes towards their role as continuing students of statistics, €

(a) attitudes towards statistics measured by the ATS instru current
self-efficacy to use statistics that has been learned; (c) current se to learn
statistics in the future and (d) knowledge of basic statisti.conc ured by
the ARTIST scales (delMas, R, Garfield, Ooms, & Chance, 2, urrent statistics
self-efficacy was defined by Finney and Schraw (2 %ce in one’s
ability to solve specific tasks related to statistics, and sel cy tollearn statistics

was defined as confidence in one’s ability to le‘t es essary to solve
specific tasks related to statistics. The results of the howed no correlations
by

between the affective variables, a result als laar (2003) in his
study with undergraduates.

Current self efficacy to learn statistics in
beliefs that continuing professional dev
in their classroom teaching. Further
that has been learned combined with
predict current self-efficacy to leas
suggestions by Finney and Schraw (200
specific affective measures are more likely

provide meaningful results.
5.3 Comparing ProSpective and h-Service Teachers’
Attitudes Towar istics

In her study, Estrada (2 compared the attitudes towards statistics of in-service

primary school ‘ 1S ective primary school teachers and related these
attitudes with gen ber of previous statistics courses, specialty (topic in
et
teachi

-efficacy to use statistics
the current course served to
in the future. These results confirm
esearch into statistics attitudes,
general affective measures to

which the prospe s were specialising or topic the teachers taught), and
number of year, experience in mathematics (for in-service teachers).
The results of oured the prospective teachers group, that is, attitudes
seemed to dete ith the actual practice of teaching. When analysing the
items in e were significant differences by group, in-service teachers
the use of statistics in the media. Because they found statistics
or everyday life and gave it more value for the education of

g and found it easier to understand as well as more interesting
teachers did. The number of previous mathematics courses with a
ponent taken had a significant effect, with attitudes improving as this
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number increased. There was no difference by gender and only a small difference
regarding the specialty in which the prospective teachers were majoring. In the
case of in-service teachers attitudes became less positive as teacher
The analysis of the specific items suggests that senior teachers h
tendency to suppress statistics when possible and found statistics
than younger teachers. Finally, the results also suggested that teache
use statistics (or used it very little) in their professional lives (
or to compare performances of different groups) tended to ha
towards statistics.

6 Implications for Research into Traifling Te
in Statistics

ere collaboration is
as discovery learning

Students learn statistics more effectively in
encouraged, and where progressive teaching m

and problem solving are the focus. T plement such strategies,
teachers must possess the necessary atfitu es as well as good knowledge
of mathematical and didactic aspe ing of statistics (Wilson &
Cooney, 2002). The first step in achie s is to continue with research

school teachers, where no researc

Secondly, reported research
attitudes is their previous k
experiences (non-abstra
professional life). Attentio

currently available.
gested that a main influence on teachers’
f statistics as well as good learning
ith examples of applications in everyday and
wn fromythese results to the need to find more
methods to improve teachers dge and provide them with examples that
statistics is valuable an asic statistics can be taught in an attractive and easy
way. Teacher educator hen responsible for creating an emotionally and
cognitively sup;.iv en t in statistics training, where prospective teachers
explore different s ethods, gain confidence in their own ability to learn,
and learn to valu o tatistics in modern society.
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Chapter 19

Statistics Teachers and Classroom Practic
Andreas Eichler

$

Abstract Why do statistics teachers teach certairQ ies, ho they teach these
topics, and to what extent does the teaching affeg e ing? In this chapter,
a theoretical framework combining a curriculudr with the construct of beliefs
will be provided to analyse previous research eachers’ instructional
planning, their classroom practices, and the i ese practices on their
students’ learning. Each section inclu i ssion of research results
referring to mathematics education in 1 and statistics education in particular,
and exemplifying results from resear,

1 Introduction

How teachers make sense of their
of teaching, learning, children,
important questions that ne
of teachers’ professional liv

Like Calderhead, m. searchers in mathematics education recognise the
importance of teachers’ e-making in their professional work for the following
reasons: ‘

» Teachers’ thinking hematics and the teaching and learning of mathematics
have a high i instructional practice (Philipp, 2007); and

» Teachers’ instructional practice, which is considerably determined by teachers’
thinking abo fessional world, has a high impact on students’ learning

and belGrnmg mathematics (Hiebert & Grouws, 2007).

or Mathematics Education, University of Education Freiburg, Kunzenweg 21,

world [...], and how teachers’ understanding
matter informs their everyday practice are

C. Batanero, G. Burrill, and C. Reading (eds.), Teaching Statistics in School
Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
DOI 10.1007/978-94-007-1131-0_19, © Springer Science+Business Media B.V. 2011
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Despite the importance of research that focuses on mathematics teachers’
thinking, research in this field is sparse for the teaching of statistics and probability
(Jones, Langrall, & Mooney, 2007; Shaughnessy, 2007). This is despite
teachers’ thinking has been declared a crucial research topic in statisti

and actions in their professional world: (a) Statistics teachers’ pla g
teaching; (b) the relationship between statistics teachers’ planning %
practice; and (c) the relationships among statistics teachers’ ¢classroo

students’ learning. The first section of the chapter provides ical framework
for describing the three issues listed above. Using thi ewo e issues will
be examined in separate sections, each including a bri iew of the relevant
research from mathematics education in general, a ion O arch approaches
in statistics education and, finally, some results, tak esearch that directly
addressed these issues. Implications associa han statistics teachers’
classroom practices will be described in the last

2 A Theoretical Framewor

Research addressing why statistics teache certain topics, how they teach
these topics, and the extent to which students’learn can be described by using

the enlarged model of the curriculum proposed by Stein, Remillard, and Smith
(2007, p.322) (see Fig. 19.1).
2.1 Four Phases ochu

The written curriculum i s both instructional content and teaching objectives — or,
standards — ofte tional governments. The teachers’ interpretation

escri
of the written curri — that is, the individual teacher’s transformation of the
is he intended curriculum. The interactions of a teacher,

written curriculu;

l Teachers’|experience
Teachers’ Teachers’ Students’
intended »  enacted > learnin
curriculum curriculum &

Process of transformation

Fig. 19.1 Four phases of the curriculum according to Stein et al. (2007)
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his or her students, and the instructional content “bring the curriculum to life and, in
the process, create something different than what could exist [...] in the teacher’s
mind” (Stein et al., 2007, p. 321). This transformation of the intended ¢urtieulum
is called the enacted curriculum. Finally, the students transformgthe content
addressed in the enacted curriculum into their own personal subjective knowledge
and develop their own beliefs about the content. This is the students’ learning.

These phases are not static. A teacher’s own experiences{ with his or her
classroom practice (the enacted curriculum) as well as his or het awareness of the
beliefs and knowledge attained by the students (the students’ learning) io'turn have
an impact on the teacher’s intended curriculum (Hofer, 1986), So,that it actually
develops over time. In this chapter, the focus is mainly omythe threedatter phases of
the curriculum model, namely, teachers’ intended curricula, their enacted curricula,
and their students’ learning.

2.2 Belief Systems in the Perspective of the Curriculum Model

The process of curriculum transformafion, as shown in Fig. 19.1, is affected by
teachers’ beliefs. The term beliefsfisyundenstood Yas an individual’s personal
conviction concerning a specific subject, whieh shapes an individual’s ways of both
receiving information about a subject and“acting in a specific situation (Pajares,
1992; Thompson, 1992; Furinghetti & Pehkonen; 2002). Beliefs and knowledge are
both components of an individual’sfconviction, and so are inextricably intertwined
(Pajares, 1992). For this reason, the\term “beliefs” predominantly will be used
(in contrast to “knowledge”). AHtrther)an individual’s internal organisation of
beliefs is called a belief systemn (Thompson, 1992). Belief systems might include
contradictory clusters of beliefs,(in contrastito “objective” systems of knowledge),
and might include beliefs that haveidifferent degrees of importance (centrality) for
an individual (Thompsop51992).

A teacher’s intended\eunriculum is represented by a belief system including all
the beliefs that @ teacher‘takes into account when planning (in his or her view)
appropriate classrogm practices. Hence, intended curricula might include beliefs
about specific content, teaching goals linked to this content, the best way to teach
mathematics or Statisticsy and the way students learn mathematics or statistics.

A teacher’s enacted €urriculum involves the observable part of the teacher’s
intended curriculum, transformed by the interaction of the teacher, the students
involved and the content within the classroom practice. Finally, students’ learning
is representedhby students’ belief systems concerning mathematics or statistics that are
stzongly determingd by the classroom practice. These belief systems are understood to
involvegdhe Students’ statistical knowledge (Broers, 2006) and the students’ beliefs
about the benefit of statistics for society and students’ own lives (Eichler, 2008a).

Using the/theoretical framework discussed above, the following sections
will discuss mathematics teachers’ classroom practice and, in particular, statistics
teachers’ classroom practice, starting with teachers’ intended curricula.
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3 Teachers’ Intended Curricula

3.1 Mathematics Teachers’ Intended Curricula

examination of belief clusters concerning mathematics, the teac
of mathematics, and the curriculum (Pajares, 1992). On
is to describe and classify belief systems that represent th
groups of teachers. A well-known classification of Tho
among beliefs about mathematics as “(a) a dynamic, iven discipline;
(b) a static, unified body of knowledge; or (c) a ba&&t s” , 2007, p. 260).
Grigutsch, Raatz, and Torner (1998) add to these application view, to
distinguish teachers who emphasise applied atics ‘that has relevance for
solving real-world problems, in contrast to pure mathematics or a tool
kit of rules and formulae.

In respect to teachers’ beliefs conce; d learning mathematics,
Thompson (1992, p.136) distinguishes/twQ main teaching styles: a constructivist
“learner focused view”, and a “conte us iew{that, more recently, Staub and
Stern (2002) called a teacher’s coghi ructivist orientation and a teacher’s
traditional orientation (so-called direct tra n), respectively. However, most
of the increasing body of research on teachers’ beliefs does not consider that
teachers’ beliefs may vary across different mathematical areas (Franke, Kazemi,
& Battey, 2007). For this reaso is crucial to examine the specific beliefs of
statistics teachers referring to t of statistics.

3.2 Statistics Tea ded Curricula

b
It is obvious tl.i sue@ning what statistics teachers are able to teach
appropriately (see N 6 of this volume) and what teachers are required to
I

C

teach (see Chaps is volume) are important directions for research. In
this section, h , the focus is on what content ordinary statistics teachers
intend to teach structional goals they have for their every-day classroom
practice.

ely to incorporate it in their own teaching. Research investigating
beliefs about statistics, however, shows a high acceptance of
Gattuso & Pannone, 2002; Chick & Pierce, 2008). Further research
e attitudes and beliefs towards statistics is reviewed by Estrada,
Batanero, and also by Chick and Pierce (in this volume). Given this

i .- i| vious that teachers who do not accept statistics as worthwhile or

to incorporate in their teaching.
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Turning to more specific research results about beliefs towards statistics
teaching, Begg and Edwards (1999), investigating 34 Australian primary teachers
(using interviews, questionnaires, and concept maps), reported data s€ollection,
graphs, data interpretation, and probability as topics predominant in the teachers’
intended curriculum. Watson’s research (2001), involving 43 Australianiprimary
and secondary teachers (interviews and written reports), yielded_similar<tesults
regarding primary teachers, and a focus on data analysis and probability among
secondary teachers. One important result beyond the specific instructional content
in both studies was that the teachers’ intended curricula'seemed to fiththe written
curricula. The same result arose from a survey of 110 Gerntan séeendary teachers
by Eichler (2008b). In contrast to Australia, however, the/German‘teachers placed
a heavy emphasis on probability that seems to be commonfonEurope (e.g., Broers,
2006), a little emphasis on inference, and there was ‘angabsence.of data analysis.

Concerning instructional goals, Watson (2004, p. 313) ideatified four significant
factors relating to “the teachers themselves, the stadents, the content and school
issues” that provided individual reasons for teachers totedehstatistics. For example,
some of these reasons are the “relevance of statisties to theireal world”, “the use of
technology” or, loosely, “motivation” (Watson, 2001, pu313).

In his qualitative interview study with 13 upper secondary mathematics teachers,
Eichler (2007, 2008a) described fourntypesioef teachers’ intended curricula for
teachers teaching similar content. Of thefourtypes, fraditionalists and everyday-life
preparers represent the extremes of teachers™intended curricula. The main objective
of the traditionalists is to establish a theoretical basis for statistics involving
algorithmic skills and insights intoghe abstract structure of mathematics, but they
neglect applications. In contrast, the, everyday-life preparers intend to develop
statistical methods in a process, thegresults of which will be both the students’
ability to cope with real stochastic problems and the students’ ability to criticise
decision-making processes| impseal life. These differences will be clarified using
some excerpts from the interviews with two teachers involved in the research: Mr. D
(an everyday-life preparef)iand Mr. J (a traditionalist). In discussing his goals for
teaching statistics Mr. Dargued:

Mr. D: And that’s'what I antrying to illustrate ..., that you will of course get quite far with
relative frequency, but thanif you have similar situations afterwards, such as elections or
opinion polls, yougwill ."“need to develop the use of confidence intervals. This means
showing them (§tudents), as well, that mathematics really has applications ... that there are
quite often problems which you can solve with maths. ... Students should be enabled to
better categorise‘'mathématical models which determine our economic condition.

Wherea§” Mr. D, emphasised the goal of having his students cope with real
problems, M, J valued the role of context considerably less:

Mr. J: Personally, concerning statistics, I emphasise the mathematical background involving,
for inStanceset theory. Other teachers think the students do not need a broad background,
but must understand how to apply statistical methods in real situations. This is for me a step
away from mathematics, only pure application.

These quotations illustrate the central objectives of the two teachers. However,
both teachers also mentioned peripheral objectives. For example, Mr. D also referred
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to the formal mathematical aspects that could be explored in statistics, and even
Mr. J mentioned that applying statistics was a goal in his teaching practice but a
peripheral one. A striking result in this research was that traditionali
neglect the relevance of the role of the context that Shaughnessy (200

About 70% of the teachers in this survey predominantly agreed wi

the traditionalists, while only about 30% of the teachers .e Objectives
of the everyday-life preparers.

4 Relationships Between Teachers’ Inte
and Enacted Curricula

4.1 Mathematics Teachers’ Intended ted Curricula

The results of research into the hi tween teachers’ intended
curricula and teachers’ enacted are ambivalent. Some researchers
found inconsistencies between these tw while other researchers noted
consistency (Thompson, 1992; Philipp, 2007).“Fhe differences between teachers’
beliefs and their instructional pragtice are explained by the experience of the
observed teachers (Artzt & Armour-Thomas, 1999), the specific situation of different
classrooms (Hiebert & Grouws, nd the inconsistency of peripheral beliefs,
in spite of the consistenc iefs (Putnam & Borko, 2000). Further,
several studies revealed t practices of different teachers differ
considerably even if they a sks (Stein et al., 2007).

0
e classroo

4.2 Statisti eac tended and Enacted Curricula

Although the res h o ck and Pierce (2008) did not include an observation
of the (pre-seryice) teaghers’ enacted curricula, it yielded a noticeable result
concerning a p n that one task yield considerably different classroom
practices. Thus the 27 prospective teachers involved in the qualitative
research to plan a lesson on the basis of the same data, their lesson plans
approaches and topics. This highlights that the same data or
could yield different classroom practices.

gess (2008) reports the classroom practice of two teachers (grade 5/6
sing a two-dimensional framework concerning teachers’ knowledge
ts of statistical thinking (from Wild & Pfannkuch, 1999), he found
ifferences between the practices of the two teachers in their ability to
take advantage of the learning opportunities of a task given by the researcher.
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The qualitative study of Paparistodemou, Potari, and Pitta (2006) involved the
planning of several lessons by 23 prospective teachers and their resulting classroom
practice. In this research, the case of Macy showed heavy differences bétween her
appropriate planning of a lesson and her inappropriate teaching practice'that Tacked
central aspects of her planning.

Pfannkuch (2006) reported a case study of one teacher whose teaching was
focusing on comparing two data sets. The intervention study involvedinstructional
planning by the teacher supported by the researcher, and the videéotapediobserva-
tion of 15 lessons. Analysis of the observations yielded “elements.of #€asoning”
(Pfannkuch, 2006, p. 33) that were based on the collaborativeyplanning of the
lessons, but also elements that primarily arose duringjth€ classreem practice of
the teacher.

In contrast to the four studies mentioned abowe, ghe case studies of Eichler
(2007, 2008a) provided a direct investigation of the/impaét,of,ordinary teachers’
intended curricula on their enacted curricula-“Hishebservation of four teachers’
classroom practice lasting about half of one yeargrovided,strong evidence that the
teachers pursue their main objectives (Eichlet,2008a) or, rather, their central
beliefs (Putnam & Borko, 2000). For example, thelobservation of the two teachers
discussed earlier, Mr. D and Mr. J, yielded relevant differences in teaching styles.
Mr. D’s students predominantly workedyon realisticproblems comprising real data
sets, and new statistical concepts often‘evolved from previous problem solutions.
Mr. J’s lessons, in contrast, involved teachef-directed explanations of new
statistical concepts followed by student work on routine tasks. He seldom used
real data sets or realistic problemsfbut preferred traditional tasks involving dice,
cards or urns.

These observations provide gvidence that both teachers enacted their central
instructional goals, whereas ghey seemed, to neglect their peripheral goals. For
Mr. D, this meant emphasising formal aspects of statistics, and, in the case of
Mr. J, emphasising the roleof ‘context. Again, the role of context seems to emerge
as the main difference bgfween the two teachers.

5 Relationships Among Teachers’ Intended and Enacted
Curricula, and Their Students’ Learning

5.1 Mathematics Teachers’ Intended and Enacted Curricula
in Relation to Their Students’ Learning

The relationship between teachers’ classroom practices and their students’ learning
18 probably the most crucial, but also the most challenging question in mathematics
education. Adthough there has been considerable research effort in this field,
Hiebert and Grouws (2007, p.373) stated that “theories that specify the ways in
which the key components of teaching fit together to form an interactive, dynamic
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system for achieving particular learning goals have not been sufficiently developed”.
However, there exist some research results that give, for example, evidence that:

« Different teachers affect patterns in students’ learning (Hiebert & Grouws, 2007).

» Emphasising the connections between mathematical concepts and procedures, and
using cognitively demanding tasks could increase students’ conceptual knowledge
(Hiebert & Grouws, 2007).

» Using a constructivist teaching approach promotes studentsfilearning)(Franke
et al., 2007).

5.2 Statistics Teachers’ Intended and Enacted Curricula
in Relation to Their Students’ Learning

Castro (1998) investigated the impact of a curriculum defined by the researcher and
taught by the regular teachers of six high school ¢lasses.The curriculum prescribed
the same syllabus of instruction, but different teachingymethods for each of two sets of
three classes. As suggested by the previous section, the'research showed a significantly
higher performance in skills and probabilityyreasoning for the students of the three
classrooms where the teachers taughg‘withpa £onstrugfivist orientation, in contrast to
three classrooms where the teachers taughtusing,angxpository teaching style.

The research of Pfannkuch and Horring (2005) and Pfannkuch (2006) focused
on the development of students’ statistical reasoning based on lessons planned
collaboratively by the teacher and fesearcher and involving the comparison of two
data sets. The analysis of videotaped lessons and student questionnaires provided
evidence that the intended emphasis.on the statistical investigation process oriented
the students’ beliefs towards statistical analysis (Pfannkuch & Horring, 2005).
Moreover, the analysis also showed,a directiéonnection between the students’ inability
to draw conclusions when comparing two data sets and the missed opportunities of
the teacher to communigate ways of drawing such conclusions.

The case studies of Eiehler (2008a) highlighted possible relationships among
four teachers’ intended curricula, their classroom practice and achievement of
five of their students wholwere interviewed after the courses about their statistical
knowledge and gh€ir beliefs concerning statistics. Although the students of the
four teachers showed similar capacities to explain statistical concepts and to draw
connections amongidifferent statistical concepts, there was a direct impact on
the studentsigbeliefs about the relevance of statistics from the teachers’ differing
emphases [on realiproblems, real data sets and the role of context (Eichler, 2008a):

» JIhe. students of'Mr. D (everyday-life preparer) predominantly gave meaningful
explanafions of statistical concepts and were able to mention connections among
statistical concepts, but seldom used formal explanations. The students believed
that statistics is highly relevant for society. To explain this relevance, the students
used Various realistic situations that they had mostly examined in school. However,
the students believed that statistics would have little relevance for their own life.
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* The students of Mr. J predominantly gave formal explanations of the statistical
concepts that were often vague and lacked connections among statistical
concepts. All the students assigned statistics little relevance for sogietypusing
situations solely from school to explain the possible relevance of statistics-Most
of these situations concerned games of chance. None of the $tudents gave
statistics relevance for their own life.

The quantitative survey of Eichler (2008b, 2009) involving 110\teachersiand 323
students supported the pattern mentioned above. The teachers who showed a strong
emphasis on statistical applications (everyday-life preparers) significantly promoted
their students’ beliefs concerning the relevance of statistics.4An contrastythe teachers
who showed a preference for a traditional curriculum|seemed to influence their
students’ lack of appreciation for statistics.

6 Implications for Teaching and Research

This overview of research into statistics teacher’s practices provides an insight into
the teaching and learning of statisgicsyin ordinaryyclassrooms. Combining the
curriculum model and the results from both research’'into mathematics teaching and
statistics teaching, some important results emerge:

Firstly, teachers assigned to teach statistics tend to meet the recommendations of
the written curriculum with regard fo the instructional content. Hence, referring to
content, written curricula appear to be attended to in statistics teaching. Nevertheless,
the research of Eichler (2008a42008b))concerning German teachers found that,
although teachers may intendyto teach similar content, they differ considerably
concerning the objectives linked. to this coatént. The differences in the lesson plans
of Australian prospective teachers (€hick & Pierce, 2008) concerning the same data
set as well as the differenées i the classroom practice of two New Zealand teachers
using the same task (Burgess, 2008) might also arise from different instructional
objectives of thé teachers:

Further, teacherg® intended curricula appear associated with teachers’ enacted
curricula. This isparticularly the case regarding teachers’ central objectives for
teaching statistics and, hence, the teachers’ intentions appear to be relevant to
classroom practicénWithin the teachers’ intentions and classroom practice, the role
of context seems to‘play a significant role in explaining differences among teachers.

Finallyobtaining evidence concerning the impact of classroom practice on the
students’ leamning remains the most challenging aspect of research related to statistics
teachers’ beliefs."Although the existing research yields patterns in students’ learning
influeneed By, individual teachers (see, for example, the work of Eichler, 2008b,
2009 reported earlier), there is currently only weak evidence concerning this impact
of teaching on students’ learning.

Franke'et al. (2007) and psychological research related to teachers’ actions
(e.g., Hofer, 1986) suggest it is the nature of teachers’ thinking, and, in particular,
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the system of instructional goals the teachers hold, that determines the teachers’
intended curricula, teachers’ classroom practice, and, finally, students’ learmng
Accepting this statement, understanding statistics teachers’ thinkin
instructional goals are thus key factors for achieving changes in statisti
instructional practice.

Although the review of Franke et al. (2007) gave evidence
teachers’ classroom practice is possible, research also highlightS many ebstacles
to changing mathematics teachers’ beliefs. These obstacles, i % r, seem
to exist with respect to the central beliefs that teach d in their
professional lives according to their experiences with class ctice and their
students’ learning (e.g., Philipp, 2007).

One of the most striking results of the overview of escribed in this
chapter is the minor status of research on statistica ed and enacted
curricula and their influence on students’ learni that a potentially
successful way to change teachers’ central belie chers’ assimilation
of new ideas in contrast to accommodation (Paja 992) it seems worthwhile
to increase the research addressing the understa g fatistics teachers’ central
beliefs, and to understand the relations amo ers’ central beliefs, their
classroom practice, and students’ learning
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Chapter 20

Teachers’ Graphical Competence

M. Teresa Gonzalez, M. Candelaria Espinel, and Janet Ainley Q
Abstract Statistical graphs have an important rg ify, our ty because they
are present in many fields of life. Competence 4n, un ing and working with
graphs is therefore a key feature of statistic acy. is chapter, what is
ssion of the findings of
a range of research projects. Then research on t ontent, and pedagogical

pter concludes with some
d some recommendations for

pedagogical implications for teacher gdueation
future research.

1 Introduction

Graphs originated as tools t ata visually in ways that are easy to
understand and to analys e first use of graphical representation is generally
credited to the Scottish en Willia yfair who, in 1789, designed the first
bar charts to help keep trac siness accounts (Wainer & Spence, 2005).
In 1865, Florence Nigh pioneered the use of statistical graphs showing the
causes of mortality du e Crimean war as a means of drawing the attention
of the authoriti‘) e s in her hospital. She is credited with inventing
the pie chart, anot| ple of how graphical representations were developed

C. Batanero, G. Burrill, and C. Reading (eds.), Teaching Statistics in School
Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
DOI 10.1007/978-94-007-1131-0_20, © Springer Science+Business Media B.V. 2011
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and used to identify and communicate important messages about specific contexts.
Other statistical representations have been invented more recently, for example,
steam and leaf plots and box-plots were introduced by John Tukey in 1976pas part
of his development of Exploratory Data Analysis (EDA) (Tufte, 2001 ).

Graphs are used primarily in two ways: to communicate informatiofipand’as
tools to analyse data. The majority of graphs that appear in the media areused to
communicate information and contain a statistical summary ofthe“original data.
These representations are mainly line and bar graphs (or their variants), pie charts
and pictograms, and generally show data in the form of percentages-or proportions.
By contrast, in professional activity, graphs are both pattiofithe language of
communication in many professions, and tools by means of which processes,
relationships, and numerical results are presented apd analysed to allow an
appreciation of patterns that are hidden in the ‘datas Data Visualisation is an
approach to data analysis where the goal is to geveal’somedaspects of the data that
might not be perceived, appreciated, or absorbed byyother means. Graphs may be
seen as essential for the exploration, analysisg/and presentation of numerical
data and are tools for transnumeration, a basic €omponent in statistical reasoning
(Wild & Pfannkuch, 1999).

Instruction about statistical graphs féatures prominently as one of the objectives
of statistics curricula in many countties. Imwprimary and secondary education
the range of graphical representations<introduced/to students generally includes
histograms, bar charts, pie charts, scatter graphs, stem and leaf diagrams, and
frequency polygons (Shaughnessy, 2007). However, didactical research suggests
that the emphasis of teaching is oftén put on the construction of such graphs, with
little attention to their interpretation. The argument proposed in this chapter is that
there is a need for pedagogical @ppreaches that enable students to develop the
graphical competence necgssary to use statistical graphs effectively.

The aim of this chapter is, to explozewhat might be meant by graphical
competence, to review existingresearch on the graphical competence of teachers,
and to suggest implicatigis for teacher education and for future research.

2 Graphical €ompetence

A range of research™focuses on the knowledge students have about graphs, the
levels of graphi€al,understanding they display, and the difficulties they demonstrate
(Curcio, 1989; Wainer, 1992; Friel, Curcio, & Bright, 2001; Aoyama, 2007).
Drawing on these studies, researchers have offered different analyses of what is
involved_in the competent use of graphs. Friel et al. (2001) summarised previous
rescar€h concerning students reading and interpreting graphs to produce a definition
ofigraph comprehension as the readers’ ability to derive meaning from graphs
createdwbygothers or by themselves. They described the development of graph
comprehension as gradual, through the repeated construction and use of a variety
of graphs in problem contexts that require the learner to make sense of data.
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To analyse students’ graph comprehension researchers have characterised
different levels in the critical understanding of graphs that vary from a complete
inability to make sense of the graph, through reading isolated element§ Ombeing
able to compare elements, to the ability to predict or extrapolate data that aré
not included in the graph. One of the most widely used models identifies four
stages (Curcio, 1989; Friel et al., 2001), which might be seen as both a hierarchy
of competence, and a framework for posing questions in a pedagogical, context.
The four stages are:

* Reading the data: focused on extracting data from the graphy

* Reading between the data: characterised by finding welationshipsibetween data;

* Reading beyond the data: requiring extrapolation and identification of relationships
in order to make predictions or generalisationsgfand

* Reading behind the data: 1ooking for possible causesofvariation and relationships
among variables in the data.

In addition to reading graphs, creating and jinterpreting statistical graphs are
essential elements in the acquisition of statistical literacy, which Gal (2002)
describes as the union of two related competences: (@)finterpreting and critically
evaluating statistically based information from a wide range of sources; and (b)
formulating and communicating a rea§oned opinion on such information. Statistical
literacy also involves realising that different,eraphs allow different views of the
data. Thus the choice of an appropriate graph in'felation to both the situation and
the data to be represented is crucial. In addition it is important to take into account
the possible biases that may be volufitarily or involuntarily transferred to the graph,
especially when choosing the scale. Wu (2004), drawing on a study involving 907
13-15 year-old students, summagisessithese competences in the form of four
essential skills:

* Reading graphs: to extractidata)diréctly from one or more graphs and to
generate information_by, caleulating with data explicitly shown in one or
more graphs.

o Interpreting gkaphs: toformulate opinions about one or more graphs.

* Building graphs: foypresentand edit data in graphic form.

e Evaluating graphs:to evaluate the accuracy and effectiveness of a graph.

Although the§e competences are defined separately, they are related to each other.
There has been amincreasing interest amongst researchers in the need for a critical
ability when reading'graphs, both in their increasingly frequent appearance in news
and advertisingimedia, and in professional contexts (Monteiro & Ainley, 2007).
Analysing\deeper aspects of students’ graphical interpretation, Aoyama (2007) has
established the following hierarchy of graph comprehension based on the statistical
literacygffamework, constructed by Watson and Callingham (2003) that describes
what a student can or cannot do in each level:

1. Idiosyneratic level: Students cannot correctly read the graph or see tendencies.
2. Basic graph reading level: Students can read values on graphs and see tendencies,
but they cannot use the graph features to explain the contextual meaning.
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3. Rational/literal level: Students can read particular values on graphs and see
tendencies; they can explain contextual meanings literally using the graph features,
but they cannot suggest any alternative interpretations.

4. Critical level: Students can read graphs, understand the context, an
information reliability, but they are unable to suggest alternative

5. Hypothesising and modelling level: Students can read gra
evaluate the information, and can suggest their own expla otheses
or models.

As a summary of these attempts to identify the ele’ ntribute to
statistical literacy in relation to graphing, the followi f graphical
competence as the union of three different capacities wi

» The ability to extract data from different sorts OOa
from them by reading between, beyond, andybehi:
hypotheses about the phenomena represen

* The capacity to select and create appropriate
or without the support of technology; and

erpret meanings
ta displayed to form

ecific situations, with

If the teaching of statistics at scho isf'to enable students to develop
graphical competence, then it is clear that the ical competence of teachers, and
their understanding of the pedagogy, relating to‘this, is important. In the following

3 Research on Teac > Graphieal Competence

Relatively few studies @ s on teachers’ knowledge and conceptions about
statistical graphsgand mostief thése are related to pre-service teachers. The limited
study of teachern ge'was recognised by Batanero, Garfield, Ottaviani, and
Truran (2001), who'e ised the need for teachers to develop specific knowledge
e form of pedagogical content knowledge (PCK) as

have about this topic.
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3.1 Teachers’ Statistical Knowledge

Research focused on statistical content knowledge has shown that, in“general,
pre-service teachers have a low level of statistical knowledge and that Specifically
their graphical competence is limited.

Bruno and Espinel (2009), in a study conducted with 29 pre<s€iviee primary
teachers in Spain, found that they experienced a large number ©f coneeptual and
procedural difficulties with the construction of histogramsgand frequéncy polygons.
These included separating histogram rectangles, inadequateylabelling of real
numbers on the axes, not considering zero frequency intervals ornotieempleting the
frequency polygon. Moreover, when the same pre-servicgyteachers had to assess
the graphs constructed by other students and identify, the'mistakesimade, the errors
they had made in constructing their own graphs becameéjeyident. In another study
by Espinel, Bruno, and Plasencia (2008) with 190ypre-service’primary teachers, the
authors found that the teachers had great difficulti€s,withithe interpretation of
statistical graphs. Participants did not take into a€countthe'distribution as a whole,
focused instead on some specific aspects_such as the average or the outliers and
were unable to associate descriptions of different variables with the appropriate
distribution graph.

Monteiro and Ainley (2006, 2007) analysed the competence of 218 pre-service
primary teachers from Brazil and England When interpreting statistical graphs
published in print media. They used a questionnaire in which these teachers had to
ask questions about the graphs presented and give their opinion about the messages
the graph was conveying. In this study the authors found evidence of participants
displaying elements of critical senge in the interpretation of graphs, that is, “mobilising
and balancing statistical skills, with.contextual knowledge and experience” in order
to think critically about variou$ aspects of the data represented in the graphs (Ainley
& Monteiro, 2008, p. 1). In‘theis, interptetation of the media graphs pre-service
teachers drew not only on.technical knowledge about graphs but also on other
resources such as opinigns or feelings about the data, as well as knowledge about
the context. While this study, suggests a higher level of graphical competence than
that found by Espinelet al"(2008), the statistical knowledge demanded by the
graphs used in the study (€ssentially bar graphs) was relatively low.

To explore the@tatisticalland mathematical knowledge of 30 pre-service primary
teachers in New|Zealand, Burgess (2002) analysed their reports about a multivariate
data set. The differént elements used by the teachers were first tabulated and
then searche@opsee if there was any relationship between these factors and the
statements madein their reports. Some of the teachers made graphs in their reports
butyappeared te,do'so as an end point in the work, without knowing when and
why a particular kind of graph should be used instead of some other kind. Many
partieipants‘in this study were not able to make generalisations about the data.
These'teacher§ seemed to think it was sufficient to construct a graph in order for the
task to-be.completed. It appears that they had learned statistical content as isolated
skills and therefore were not able to integrate this knowledge with the problem
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context. They showed a low level of graphical competence when applying these
skills in the research process.

This difficulty in seeing graphs as tools for establishing conclg§iéns has
been also shown in several research studies. Batanero, Arteaga, and Ruiz (2010)
conducted a study with 93 Spanish pre-service primary teachers“based on a
statistical project in which they had to consider the results of a coin,that is‘thrown
20 times, perform the experiment, and then select the data to compare‘thexesults of
simulated and real sequences. The students were provided with a sheet of the results
from the whole group, and they had to make a report on the greup’sintuitions about
randomness. The researchers classified the graphs students ineluded,in their reports
into four groups according to their semiotic complexity For each of these four
groups the students’ ability to interpret the graphs to reach séme ¢onclusion about
the research questions was assessed, and misunderstandings evidenced by the
selection and construction of the graphs were apalysed-‘In general, the study found
that although the pre-service teachers could Anterpret some graphs correctly, the
difficulty of the interpretation increased according<tothe semiotic complexity.
Only one third of the participants were able to feach a‘eonclusion regarding the
research question.

3.2 Teachers’ Pedagogical Content Knowledge

There has been very little research dbout teachers’ conceptions of statistical graphs
and the role these conceptions play ifinstruction. Rouan (2002), in a study about
teachers’ conceptions, gave a questionmaire to 221 Moroccan secondary mathematics
teachers and conducted |5 interviews in order to establish their conceptions
concerning the objectives of teaching statistical graphs and the way they used them
in class. Conceptions about the'rolésyof statistical graphs held by the teachers were
grouped in the following®™ways: a formal conception related to the calculation of
statistical parameters bat,with little attention to the context, a view that did not
stimulate statistical reasoningjia synthetic conception, that considered the graph as
a summary of the datapbut did not take account of any loss of information; a
predictive conception thatemiphasised the inferential role of a graph at the expense
of seeing it as a way to simplify and present data; and a visual static conception that
included both desesiptive and inferential aspects but did not take account of loss of
information, or of Statistical reasoning.

The res€arch also explored the participants’ conceptions related to the reading
of statisticalygraphs, which included the verbal translation of data represented in a
diagram, extracting information from the graph, responses that showed confusion
betweenfreading and interpretation and conceptions about the interpretation of
statistical graphs. These were classified into three categories: a predictive conception
that was related to inferential operations, a descriptive conception that only described
aspects of the data and a stochastic conception that included descriptive and
inferential operations and were largely demonstrated by participants who had taken
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more advanced courses in statistics. Rouan concludes that the conceptions held by
the teachers indicate weaknesses in their understanding of both statistical content
and of the importance of statistical reasoning.

Gonzélez and Pinto (2008) explored the pedagogical content kn
conceptions of statistical graphs held by four pre-service secondar
teachers. In this study, the subjects had to classify 20 problems rela
graphs taken from different secondary textbooks. Problems were se
to two criteria: the type of graphs (histograms, pie charts, bar ch
diagrams and frequency polygons) and the different le stat
involved (reading the data, reading between the data, readi
reading behind the data) (Friel et al., 2001). With regar conte owledge, the
authors found that the pre-service teachers did n(ﬁec of the graphs,

for example, the stem and leaf graphs. In relation’ tgythe t g of the topic,
participants felt that the construction and interpretati hs was a very simple
properstatistical knowledge.

eaching about statistical

d the data and

task. One of them did not consider statistical grap

The common picture emerging fr
pre-service teachers, even at seco
competence. A possible explanation is ig'a consequence of inadequate
learning opportunities in the teachers’ own ng. Unfortunately these studies
suggest that teachers are not well prepared to)teach their own students in more
appropriate ways. Below we include some reflections about how teachers’ current
levels of competence and confidenceé\in teaching about statistical graphs may be

improved.
4 Implications for, Nducation
There is a wi ange rch describing models of pedagogical content

knowledge for mai cal knowledge (see, for example, models described in
chapters by Godino, Roa, & Wilhelmi and by Watson, in this book).
Graeber and Tirosh (2Q08) suggested that teacher education must take into
account at least ic components:

dge of the subject to be taught (both ordinary and specialised

owing recommendations are made mindful of the fact that the time
available to fgcus on graphical competence in both pre-service and in-service teacher
ill be limited, and that in many contexts statistics will be covered within
mathematics, rather than as a separate topic.
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The content knowledge of the subject obviously includes a sound technical
knowledge of how different kinds of statistical graphs are constructed and a sense
of how this knowledge links to other aspects of the mathematics curri€ulam, for
example, graphs of functions in algebra or the use of scales inymeasuring
instruments. In addition, some epistemological perspective on how graphs have
developed historically and how they are used in a range of professional contexts
may also be very valuable for teachers.

A common epistemological assumption in mathematics education is that
mathematical objects emerge as part of the solution t0 problems. IB6oking at
situations in which statistical graphs are used (in areas such/as Biology, Medicine,
Administration, Economics, Geography, or Psychology/could ‘provide relevant
teaching resources to learn about the nature of these graphs,and to realise that
technical knowledge alone is not sufficient to enable’a real interpretation of the data
represented.

Graphs taken from media sources may also proye ayaluable resource for focusing
teachers’ awareness on the role and uses of graphssin‘societysand the ways in which
technical knowledge must be used in combinatignywith contextual knowledge and
experience in reading graphs (Monteiro & Ainley, 2007)sExamples of media graphs
that are poorly presented, or technically iflaccurate orincomplete, may also be a useful
resource for drawing attention both to aspects pfistatistical knowledge and to the ways
in which graphs can be used to manipulate the,presentation of data (Watson, 1997).

The knowledge of students’ learning processes tefers to both students’ understanding
of graphs and the difficulties, errors and obstagles that prevent them from using
graphs effectively. There is now/a considerable body of research that draws
attention to a variety of common difficulties learners may have in either reading
graphs (e.g., Shaughnessy, 2007;"Bruno, & Espinel, 2009) or when constructing
their own graphs (de Corte, 1996; Shaughnessy, 2007). Teachers need to be aware
of the key findings of this\research and also to understand that there are various
ideas that relate to graphical représentation, such as scale, origin, axes, variable,
independence, dependenée, coordinates, discrete and continuous quantities, which
often involve their owmydifficulties. For example, in relation to scales, many
children are capable of readifig a scale, but the process of constructing scales is
difficult; children may have difficulty choosing an appropriate scale for graphing a
particular data set(Eriel'et al’, 2001, p. 141).

Knowledge (of “instructional tools focuses on the identification of good
teaching examplesy,appropriate instructional approaches, including the use of
technology, and the‘ability to analyse textbooks and curriculum documents that
would be frelevant, to teaching graphs. It is also important to offer teachers
frameworkshdeveloped through research, that suggest ways in which learning
about-different types of graphs and the kinds of questions that might be asked
about_theémmight be sequenced (Friel et al., 2001). For example, Kramarski
(2004) recommended the design of learning environments in which metacognitive
instruction i§ embedded with a diagnostic teaching approach centred on
students*“@lternative conceptions, so these might be addressed to facilitate
graphical competence.
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For many pre-service teachers, their own school experiences may have consisted
mainly of textbook exercises related to the construction and reading of
decontextualized graphs. Therefore, understanding the use of graphs a$ pait of a
statistical problem-solving cycle and project work that involves the five,dimensions
of Wild and Pfannkuch’s (1999) model of statistical thinking may be’new te, them.
Ainley and Pratt’s work in developing a pedagogic approach known as“Active
Graphing offers a model for developing problem-solving project§ in"whieh graphs
are used as analytic tools and demonstrates their effectiveness\ipsupporting the
development of graphical competence in young children (Ajnley, Nardi; & Pratt,
2000; Ainley, 2001; Ainley, Pratt, & Nardi, 2001).

Active Graphing draws on the power of software to'Stere and present data, and
in doing so, challenges some previously accepted viewspabout the relative
difficulty of some types of graphs: graphs that may be,complex'to draw by hand
turn out to be much less difficult for children te,intefpret inymeaningful contexts.
Teacher education in this field needs to includepan element of “technology
pedagogical content knowledge” (TPCK) (Lee & Hollébrands, 2008, this book)
to enable teachers to incorporate the use ofi technology in their classrooms
(Pfannkuch, 2008). It is important that téaehers are introduced to the possibilities
of a range of resources, including géneric software such as spreadsheets and
environments developed specifically fonthe eXploration of data such as TinkerPlots
or Fathom, and have opportunities“to use and evaluate them (see Lee &
Hollebrands, this book). Data sets availablc'on the Internet are powerful resources
from which to develop meaningful work in’ the classroom that allows the
development of argumentation, understanding of different representations and the
transformation from one representation to another (Carrién & Espinel, 2006;
Hall, this book).

S5 Implications for Research

Research discu§sed ,in this €hapter highlights the limitations of the graphical
competence of mapy. téachers. There is now a need of further research in order
to have a bettergunderstanding of the support teachers may need to teach
graphical compgtence effectively in their classrooms in ways that are appropriate
for the curricula of the{twenty-first century. Such research might address how
teachers transform-“their knowledge about graphs into knowledge to be taught,
the strategies they, use, how they select appropriate examples and different
classroom situations. The rapid development of educational technology is
changing what Ji§ possible; the traditional sequencing of graphs is being
question@d,band attention is being focused on interpretation and developing the
critical use of graphs rather than their construction. Research is also needed that
explores thegmplications of these changes for teacher education in relation to
content knowledge of the subject to be taught, students’ learning processes and
instructional approaches.
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Chapter 21
Teachers’ Understanding of Averages
Tim Jacobbe and Carolina Carvalho Q

Abstract The concept of average has been a par& &m for well over
100 years. Consequently, research on students’gundefs average has been
atistiCS education research;

one of widest areas explored in mathematic
however, research focused on teachers is still very this chapter, research
and then research dealing

with teachers’ understanding or profes is analysed. Some final

1 Introduction

Even before the recent international moyements to increase the emphasis on statistics
in the curriculum, the concepts edian, and mode have been a part of the
curriculum for many yea e of the reasons for this may be that measures of
centre are part of everyda s they ar in the media and assessment data
being reported. In contrast to er statistical concepts, averages are generally
reported as a singular va thus the topic fits the traditional view in mathematics

that there is only one ri swer to a particular problem.
Since it has the curriculum for a long time, research on

en a
understanding aver. been one of the most abundant areas in the statistics
education resear om y. Most of these studies have centred on students’
understanding of averages and only a limited number of studies have focused on

teachers’ under: ince these concepts are just beginning to appear at a
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more sophisticated level in the school curriculum and do not appear to be addressed
during teacher preparation programmes, an argument can be made that teachers’
understanding is not very different than that of students. In fact, sevéralyef the
studies concerning teachers’ understanding of averages have revealed that tcachers
lack conceptual knowledge of the topic.

In this chapter the difficulties revealed regarding students’ understanding of
average will be discussed first, followed by a discussion of rgsearch telated to
teachers’ understanding. Implications for future research in the context of teacher
training will then be presented at the conclusion of the chapter.

2 Students’ Understanding

The computational simplicity of averages, coupledywith a‘systématic devaluation of
the context of many teaching situations may give students and teachers the illusion
that a set of skills is all that is necessary to understand the topic. However, the
analysis of the performance in different research described below reveals that the
nature of the mental processes underlying the construction of these concepts is
wider than just the learning of algorithms. Since research on students is abundant,
we only discuss studies that later relate to,research focused on teachers that deal
with three different themes: (a) students™ procedural and conceptual understanding
(Russell & Mokros, 1991; Mokros & Russell;“1995; Cai & Moyer, 1995; Gattuso
& Mary, 1996; Carvalho, 2001; Garcia & Garret, 2006); and (b) defining levels of
cognitive development for the concept of average (Strauss & Bichler, 1988;
Watson & Moritz, 1999, 2000)4 A wider survey of students’ understanding of
averages is found in Shaughnessy“(2007)

2.1 Procedural ands€eonceptual Understanding

Russell and Mokros (1991) (see also Mokros & Russell, 1995) analysed
understanding of ayerage,in 25 students (10-12 years old). All participants were
asked seven open-ended questions that involved both construction and interpretation
problems. Consfruction problems involved participants constructing a set of data
that may have a particular measure of centre. Interpretation problems involved
participants_describing what information a particular measure of centre gives,
or what can be_thought of as “typical”. In their analysis, Russell and Mokros
determinedithat students exhibited four approaches to understanding average:
(a)faverage as:modal, (b) average as what’s reasonable, (c) average as the midpoint,
and (d)@average as an algorithmic relationship. Garcia and Garret (2006) confirmed
these findings/in 94 students (17 years old).

In a study’ involving 250 students (11-12 years old) in the United States of
America, Cai and Moyer (1995) asked participants to examine the conceptual and
computational aspects of the algorithm for arithmetic mean. While the majority of
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the subjects recognised the right algorithm to compute an arithmetic mean, only
half of them could apply the concept in order to solve an open-ended problem. For
a significant number, the strategy chosen to solve the problem wa i
application of the algorithm.

Gattuso and Mary (1996) discussed the possibility that students’ di
be attributed to the mathematical meaning they attach to the data
because to solve tasks related to comparing distributions studgi
asked to apply an algorithm. In order to check this conjecture
conducted a study where 533 students (11-15 years ) to solve
tasks related to average where data were provided in tabu
The difficulty was higher in tasks given in graphical fo becal
not able to effectively read and interpret the graph, The ikel
fact that the values necessary to solve the task we' eadi

2.2 Cognitive Development

20 students between the
ages of 8 and 14, where participants{wer solve tasks involving some
d that the mean was located
influence the mean. However,
ns, or that a zero data value must
ting the mean, were very difficult
d that the understanding of students increases

more complex properties like minimising dev
also be included and accounted for when com;
for the students. The authors concl
with age, which provides eviden
for different properties of the

Watson and Moritz (19 000) further described the longitudinal development
of students’ understanding ac various levels. The authors suggested
that the mean, median, and m e complex and these concepts should be
developed in classroon @ ities, during several school years. By introducing
students to contﬁ\al si in a variety of grade levels, students could consider
the differences these"measures, depending on the nature and context of
the data. These ideas eement with that included in the GAISE framework
(Franklin et al. 7) re development levels of understanding statistical
concepts are notassociated only with age, but rather with experience.

In their atte aracterise students’ development across various levels,

Watson an 1 00) interviewed 137 students, who ranged in age from 8

(grade 3) e 9). Responses were categorised using a neo-Piagetian model

of niti ment that classified the responses in a hierarchical manner.
ifica scheme resulted in six levels of development:

such as normal.
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3. The multi-structural level included students using two or more ideas, such as
most, middle, and add-and-divide algorithm to describe average in straightforward
situations.

4. At the relational level, students refer to add-and-divide algorithm
to describe average in straightforward situations; however, they al
to ideas of the notion of most or middle. This level of development inv the
students realising the representative nature of average (e.g., pre imation,
or representing whole data set).

5. Application of average in one complex task. .

6. Application of average in two complex tasks (level 6). and 6 involve

students’ dealing with applications of average in multiple con
The evidence that supports students’ developn‘t of'u ing of average
highlights the importance of teachers’ possessing tual understanding of

average. It is expected that teachers are able help progress in their
understanding of average from a pre-structura in the early grades to a
relational level that allows the application of t % n complex tasks at the
higher grades. The literature concerning student derstanding of average reveals
their understanding is mainly procedur; i - This may indirectly shed
light on the understanding of teachers{ which,i cus of the next section.

Research specifically focused o > understanding of average is very limited.
Of the studies that focus on t istical content knowledge, the majority
focus solely on the arithmeti€ mean (Batahero, Godino, & Navas, 1997; Gfeller,
Niess, & Lederman, 1999 in studies include understanding of the
mean, median, and mode t ergner, 2006; Jacobbe, 2007, 2008) or focus
on the general concept erage (Russell & Mokros, 1991; Callingham, 1997;
Begg & Edwardsgl999; atanero, & Fortuny, 2004; Leavy & O’Loughlin,
20006), that is, olve, th sation that measures of centre attempt to find a
“typical” amount t ise a particular data set. Only one study has analysed

teachers’ profes 1 or didactic knowledge (Cai & Gorowara, 2002). Below we
summarise eac these jtypes of research.

of the algorithm for calculating the average (25% of the sample),
ignorance of the relationship between mean, median and mode
and little or no understanding of the effect of outliers on the mean (34%).
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As recommended in the Spanish curriculum for primary and secondary schools, a
comparison of two distributions is one of the basic tasks in the exploratory data
analysis that must be presented in teaching. However, participants in this study,often
had incorrect strategies to make this comparison, such as not taking snto accoumt
spread or using only part of the data. This suggests that there is a need forpré=service
teachers to be exposed to such experiences during preparation programmes.

Gfeller et al. (1999) conducted a study in the United States of Americatinvolving
13 mathematics and 6 science pre-service secondary teachers’, views of the
arithmetic mean and the representations they use when selving problems’involving
the mean. The instrument they used consisted of ten questions =,seven involved
concrete scenarios and three were set in an abstractisetting. The participants’
responses were classified according to whether_they | utilised a ‘computational
algorithm, a procedure based on a “fair share” undesstanding, or knowledge of
variation to solve problems related to the mean. Résults teyealed no significant
differences between science and mathemati€s<pre=service teachers’ use of the
computational algorithm. However, there was a significant,difference regarding the
use of variation to create a balance point with{mathematics pre-service teachers
more likely to use such an approach. Allpasticipants ifithe study utilised a balance
point approach on at least one of the problems and 17 of the 19 participants held
multiple views of the mean. These results,suggest.that these pre-service teachers may
hold a deeper conceptual knowledge of‘the mean than reported in other studies.

3.2 Research Related to the’\Mean, Median, and Mode

Groth and Bergner (2006) imvestigated 46 pre-service elementary and middle
school teachers’ understanding of the mean, median, and mode. Their report
addressed responses to omne question that asked teachers to explain how the
statistical concepts of mean, median, and mode were different or similar. In order
to obtain some more informationiregarding how teachers were defining “measures
of central tendeficy”, participants were asked the following question: Suppose that
you used the phrasg:émeasure of central tendency” while you were teaching, and
then a student askszyou what'the phrase means. How would you respond?

Using the SQLO taxonomy from Biggs and Collis (1982), Groth and Bergner
distinguished between _pte-service teachers’ understanding of mean, median, and
mode in four categories: (a) unistructural/concrete symbolic, (b) multistructural/
concrete symbalic) (c) relational/concrete symbolic, and (d) extended abstract.
There weteneight| pre-service teachers who fell in the unistructural/concrete
symbolic level asrtheir responses only involved the recitation of definitions in
describing how the mean, median, and mode are different and similar. Twenty-one
presservice teachers were classified as exhibiting the multistructural/concrete
symbolic leyel of thinking as their responses suggested that these measures of
centre represented a mathematical object rather than simply a procedure. In other
words, their responses presented the view that these calculations/findings provided
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some type of value; however, their responses were not extended enough to describe
what value they actually provided. Thirteen teachers exhibited the relational/
concrete symbolic level of thinking since their responses went beyond thefpréeedure
of finding the measurements to include that they represent what 48 “typical”
about a particular set of data. Finally, three pre-service teachers were'classified as
possessing extended abstract levels of thinking, because their responses went
beyond procedural knowledge and included a discussion of wheh one measure of
centre would be more valuable or useful for a certain set of dataln other words,
these responses included the fact that the shape of the distribution:would impact
whether or not one measure of centre would be more representative of the data set
than another. As statistics educators we would like tohs€e more<teachers at the
extended abstract level of thinking; however there_may be some limitations to the
design of these questions which prevented pre-service teachers4rom truly revealing
their highest level of thinking. In particulag, pré-serviee teachers were not
specifically asked to identify situations where éne measure of.centre would be more
useful than another.

Jacobbe (2007, 2008) conducted a case study of ‘three elementary school
teachers’ understanding of average. Paffieipantstin thi§' study were specifically
asked to provide an example of whenh one measure of centre would be more
representative for a given set of data than another. For this particular task, teachers
were presented with three different distributions/(one skewed to the left, one
skewed to the right, and one normal) and askKed to arrange the distributions
according to which would have the smallest tp the greatest mean, median, and
mode. The findings of this study rgyvealed that although some of the teachers had
difficulty in applying the algorithm to, various contexts, they were able to use the
shape of a distribution (balancing)itopdetermine when one data set would have a
greater mean, median, and mede than anether. These results continue to suggest
that teachers bring a variety ofyskills to the table, but that they would benefit from
more formal training in statisties pgior to teaching it in the classroom.

3.3 Research Related to the General Concept of Average

In their study with children, Russell and Mokros (1991) also included 8 teachers that
ranged from gradéyd. to grade 8 and 2 mathematics coordinators (i.e., in charge of
mathematics_curricalum” for their school or district). When comparing teachers’
conception§ with the children’s described in Sect. 2, teachers only exhibited the
following ideas: average as modal (one teacher), average as midpoint (number not
specified), and average as an algorithmic relationship (six teachers). It can be assumed
that theafiajority of teachers fell in the “average as algorithmic relationship” category.
ThiS group was categorised by the idea that one simply adds up all the numbers in a
data set anddivides by the number in order to determine the average. Teachers
exhibitedvarying levels of success with their application of the algorithm to find the
mean. Two teachers in particular had tremendous difficulty in answering the questions
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and became very confused by the numbers. Russell and Mokros concluded “that the
introduction of the algorithm as a procedure disconnected from students’ informal
understanding of mode, middle, and representativenessf Jeauses
a short-circuit in the reasoning of many children [and adults]” (1991, p.4313):

Callingham (1997) investigated 100 pre-service and 36 in-serviee teachers’
multimodal functioning in relation to the concept of average, using a four-question
survey. Pre-service teachers ranged from early childhood to high schoolteachers
whereas in-service teachers were either primary or high school teachers:{The first
question involved identifying the average given a set of data. Lhe second’and third
questions involved participants using a graphical display (bar graph) of data to
determine whether one group performed better than anether. Finally, the fourth
question involved the concept of a weighted mean. Teachersiperformed relatively
well on the first three questions (96.3%, 79.4%, and 73.3% correct, respectively).
The most difficult question was the weighted mean/question where only 58% of
respondents answered correctly. In referenc€é “to Questions: that were presented
graphically in order to have participants make a,comparison, most of the teachers
“did not generally accept a judgment based solelyyon the\appearance of the data in
the context of deciding on the better spelling group. Instead they preferred to use
some sort of numerical basis to justify theig judgment” (1997, p. 215). This finding
seems to suggest that teachers may b@'more|prene torapplying an algorithm when
solving problems concerning average.

Begg and Edwards (1999) conducted a“study regarding 22 in-service and 12
pre-service elementary school teachers in New Zgaland. The researchers investigated
the teachers’ ideas about teaching statistics, including some ideas related to
average. The data that was presented Was based on “unstructured, semi-structured,
and clinical interviews; survey (Likert)Scales that provided a guide with respect to
the efficacy of the research’” (Begg & Edwards, 1999, p. 2). Many of the in-service
teachers had substantial teaching experienee)(mean number of years not reported).
In considering the teachers™ ideas ofsaverage, or measures of centre, most teachers
were not familiar with thé'mathematical definitions of the terms mean, median, and
mode. When asked aboutthe wotd average, the most common response given was
that it “was in (the middle”.¥However, when pressed about their understanding
regarding specific measures, the teachers possessed better understanding of the
mean than the median or'mode (Begg & Edwards, 1999).

Estrada et al.(2004) conducted a study aimed to assess the statistical knowledge
of 367 pre-serviceyprimary teachers. The instrument used was adapted from a
similar instrument developed by Konold and Garfield (1992). From the instrument,
items weré selected that related to what these pre-service teachers would be
required tohteach.{Of the pre-service teachers, 75% had previous training in
statistics; howeveérmany still exhibited errors concerning the average, such as not
being _cofiscious of the effect of outliers on the mean; routine application of the
algorithm without taking into account the context; not being able to invert the
algorithm and'confusing mean, median and mode. Their study found that there was
no significant difference in pre-service teachers’ understanding based on the
number of years they had been in the programme. This may have been a result of



T. Jacobbe and C. Carvalho

training in the preparation programme that was focused on calculations rather than
the application of the concepts. The authors recommend that future teachers
specifically take statistical courses during their preparation programmiesiylhese
courses should emphasise the study of the properties of distribution ag,a statistical
concept, measures of central tendency, differences of dispersion wheén comparing
two distributions, as well as highlight the importance of sample_size during a
statistical study.

A study conducted by Leavy and O’Loughlin (2006) in Ireland explored 263
pre-service elementary school teachers’ understanding ofithe mean:All participants
were asked to respond to 5 tasks and clinical interviews<were held with 25
participants in an attempt to capture further informationjzegarding the participants’
conceptual knowledge. In the first task, which inyolved‘chGesing the mean as a
functional tool to compare data sets, 57% of the participants wereable to accurately
choose and find the mean in order to comparte, the/data Sets., An additional 5%
selected the mean; however, they made some‘type,of computational error. No
participants selected the median, which suggests that'thisitype of question may lead
itself to a common misconception among pre-setvice elementary school teachers
that the only suitable measure of centiédor, method offcomparison is the mean.
On the second task, only 21% of the participantsswere able to find the weighted
mean. Other conceptual difficulties (si€h,as ¢onfusing mean and mode) were found
on tasks 3 and 4.

On the final task, participants were givenia lifie plot and asked to indicate if a
mean could be found based solely on the information displayed. If they indicated
that a mean could be found, they were asked to find that value. Participants were
also asked to explain what the mean fepresents in a distribution. In the first part of
the task, only 3% of respondentsfutilised an approach that showed some level of
conceptual understandingyof the mean. Both parts of this task revealed that many
participants confused the coneept of the méan with the other measures of centre
(median and mode). It also revealedythat 52% participants view the term “mean” as
synonymous with “averdge”¥ Leavy and O’Loughlin (2006) replicate those by
Callingham (1997), but beth/seem) to contradict the findings of Gfeller et al. (1999).

3.4 Research Related to Teachers’ Professional Knowledge

Cai and Gorowara“(2002) investigated 12 inexperienced versus 11 experienced
teachers’ gonceptions and construction of representations for teaching the concept
of mean. The inexperienced teachers were pursuing teaching as a second career
and/orpossessedi@’degree in mathematics or psychology. The experienced teachers
were eithier ‘grade 6 or 7 teachers that had taken on leadership roles within their
schools. Data'collection involved teachers: (a) turning in a lesson plan focused on
mean, (b) responding to possible ways grade 6 or 7 students might respond to a
series of S.questions involving the mean, and (c) evaluating students’ responses to
two questions posed in part (b) described above.
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The results revealed that all teachers — both experienced and inexperienced — were
able to solve the five questions in part (b) of data collection above. Eight of the
experienced teachers and only two inexperienced teachers provided multiple
solution strategies for solving the problems. With the exception of one inexperienced
teacher, all of the inexperienced participants solved the problems_ using 'an
algorithmic approach. Although the tasks asked teachers to indicate ways students
might respond, the inexperienced teachers did not discuss/possible, student
misconceptions whereas the experienced teachers did so, on almost all tasks. The
other tasks involving a lesson plan and evaluation oftstudents*“woik revealed
similar results. Overall, the results show that as teachers gaift‘expesiences and take
on leadership roles they are able to reflect upon students {misconceptions to enhance
their own understanding as well as their ability_to addressythe) misconceptions
students reveal.

4 Implications for Training Teachers and Research

Research analysed in this chapter suggests.that teachers’ understanding of average
seems to be similar to that of students."€onsequentlyithe place to begin making an
impactonstudents’ understanding seemstobeby addressing teachers’ understanding.
The research shows an exaggerated relianee upon procedural algorithms and a
general lack of conceptual understanding by both students and teachers.

This situation is neither the fault of the students nor of the teachers. Rather,
teacher preparation programmes sheuld do a better job addressing statistical
concepts. A teacher that feels unéomfortable with statistics may have a tendency
to reduce or omit statistieal topics from their enacted curriculum. Teachers are
being asked to teach statistical contentgat a level that exceeds their level of
preparation. As a result, opportunities must be provided during teacher preparation
and professional developfment programmes for pre-service and in-service teachers
to be successful. Sincelit,is’welll known that students and teachers struggle with
concepts related to ayerage, we recommend that the field move towards a solution
rather than the continuéd,identification of misconceptions.

One possible way to enhance teachers’ preparation to teach statistics is through
the use of collaborative work (Carvalho, 2008). Teachers can benefit through the
exchange of ideasiand thuis will be more motivated and confident to teach statistics.
Another way_to address the concept of average during preparation or professional
development progtammes is to use the media (see Watson, 1997) or to use
assessment data as the context for discussing statistical concepts (see Makar &
Confrey, 2004; sée’also Chap. 16).

Another fissue for the research community to consider once these concepts
beécome a part of preparation and professional development programmes is that
research coneerning teachers’ understanding of average must involve more than
understanding the arithmetic mean. Clearly, understanding of average is far more
involved than the concept of the mean. Research studies concerning teachers’
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understanding of average should at least include the median and mode; furthermore,
research similar to the work of Russell and Mokros (1991) would further capture

teachers’ conceptions concerning the general concept of average. We ore,
propose the following research questions:
1. How could we use research on children’s understanding to deve ses

directed to increase the professional knowledge of teachers?
2. Whatis the influence of in-service professional development pri % ocussed
on teaching statistics to children on teachers’ understapding o age
3. What is the relationship between teachers’ unders of average and
students’ understanding of average?

Clearly there is a gap regarding teachers training to te ept of average

and in research related to teachers’ knowledge of C. Iy the statistics
education community can work towards ingreasi ledge in regard to
addressing the questions above. The answer: que s will help lead to

finding solutions that will move the understandi ers forward.
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Chapter 22

Teachers’ Understanding of Variation
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some authors, while others distinguish between them. According to Reading
and Shaughnessy (2004) variability is a property of an entity to change or vary
(variable), and refers to data that can vary, while variation would be the des€ription
or measure of change in the variable. In this chapter, we will not distinguish between
these two terms, rather variability and variation will be used interchangeably.

Variation is linked to many other fundamental statistical ideas, In“school
mathematics, Watson, Callingham, and Kelly (2007) suggest that undesstanding
variation involves perceiving uncertainty, anticipated change, unanticipated change,
and outliers. Konold and Pollatsek (2002) emphasised ‘the importancerof jointly
considering variability (noise) and centre (signal) because béth ideas are needed to
find meaning when analysing data. Garfield and BeniZvi (2008) remarked that
“understanding the ideas of spread or variability of data isha, key component of
understanding the concept of distribution, and istessential for.making statistical
inferences” (p. 203). Wild (2006) suggested that the notien ofidistribution “underlies
virtually all statistical ways of reasoning about*ariation” (p. 11). Moreover, a big
picture of variation can be found when it is linked“to other important statistical
concepts such as data, chance, sample, centre, and distribution, and when making
inferences. Several of these concepts andithe teachers’punderstanding of them are
discussed in other chapters of this book.

In spite of this relevance, the currictila,of many countries do not include the study
of variation until high school, altheugh'reseaich results indicate the possibility of
developing intuitive notions of variation in earlier grades. It is also important to note
that statistics courses in high school and undergraduate levels usually include
variation measures (such as range, ifiterquartile range, and standard deviation). The
contrast between the role of variation instatistics and the lack of research on students’
understanding of this concept untiliveryyrecently was pointed out in Shaughnessy
(1997). Since then, an incteasing number of studies on students’ understanding of
variation have been publishedsy Althoughgiesearch on students’ understanding of
variability is more extensive today, ingthis chapter we do not intend to review all this
literature. The focus of#thisychapter is research on teachers’ understanding of
variation, that has analysed language, comparing groups, technology, standard
deviation, and vagiation in randém situations. Some studies on students’ understanding
of variation that focussedyon these same topics are reviewed in Sects. 2 and 3. In the
conclusion, some recommendations for teaching and research are made.

2 Students’ ‘Understanding of Variation in Data Contexts

Although research 'on students’ understanding of variability is relatively recent, the
relatéd literaturédis extensive. Therefore, only a few studies related to themes
that willfemierge in research on teachers’ understanding of variability have been
reviewed in this chapter. Papers analysed in this section focus on the language
of variability’(Watson & Kelly, 2003; Bakker, 2004), perception of variability
in comparing groups (Watson & Moritz, 1999; Watson et al., 2007), role of
technological tools (Bakker, 2004; Ben-Zvi, 2004), and understanding standard
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deviation (delMas & Liu, 2005, 2007; Lehrer, Kim, & Schauble, 2007). In the next
section, studies on variation in chance contexts are summarised.

When teaching statistics in school, teachers tend to focus on perferming
operations and give little attention to the description of terminology and 't6
explanations. However, encouraging students to express statistical Adeashin their
own language has been considered a relevant way to help them_make sense of
statistical ideas. Watson and Kelly (2003) explored the understagding ofithe word
“variation” among 379 students in grades 7 and 9 with the following questions:
(a) What does variation mean?; (b) Use the word variation, in ‘a‘sefiténce; and
(c) Give an example of something that varies. Later, Watson(2006) constructed a
hierarchy that resulted from an analysis of students’ responses to these questions.
She observed that less than 10% of the middle school students,in her sample were
likely to respond at the highest level in a scale of four.4n this level students should
relate the idea of change with appropriate responses to the above questions, such as
“Something that differs from its previous state®, “Bhere 15‘@ big variation in the
results”, and “The weather varies” (Watson, 2006¢p-220)-

In a study oriented to promote reasoning abqut, variability, sampling, data, and
distributions, with 30 students in grades 7/and 8, Bakkem(2004) discussed the use of
informal language to articulate ideas of variation.\Expressions such as “average”,
“range”, and “spread” were used in a rathier unconventional way by the students during
the activities, whereas other non-statiStical terms such/as “majority”, “semicircle”, and
“pyramid” were also used to express some statistical features of distributions.

The task of comparing groups, with data offen presented in graphical format,
was used to investigate children’sl thinking about centres (Gal, Rothschild, &
Wagner, 1989, 1990), although in the,last decade, this kind of task became more
paradigmatic for studying several¥imtertwined statistical concepts such as centre,
variability, and distribution, Watson (2006)\remarked that this task can help observe
how much students are aware,of variatien: “there are differences between the
two sets that should be noted but these contrasts need to be made with respect to
the shape and spread within the two sets themselves” (p. 239). However, students
encounter serious difficulties iny comparing groups. For example, Watson and
Moritz (1999) feund that'the'majority of 88 students (in grades 3, 6, and 9) could
compare data sets ofiequal size, but were unable to compare sets of unequal sizes,
because the latter gequires proportional reasoning skills.

Using the same task with 73 students, Watson et al. (2007) identified only one
student who reached_the highest level of variation understanding. This student
could observe differentfeatures of distribution such as differences on sample sizes,
mean and yariatiomaround the mean. It seems that the difficulties in comparing data
sets stem from the students’ inability to understand a data set as a whole entity with
features suchias €entre, spread, and shape (Konold & Higgins, 2003).

Shaughneéssy (1997, p. 13) remarked that technological tools have encouraged
therlemergence of research on students’ understanding of variation: “nowadays it is
very easy to_actually ‘draw samples’ [...] by introducing a simulation [...] of the
experimentusing some sort of sample-resample software”. The graphing possibilities
of some software have been also explored in research on variation. For example,



E. Sanchez et al.

Ben-Zvi (2004) studied two middle school students’ reasoning about variability by
asking them to compare the lengths of Hebrew and American surnames using a
spreadsheet (Excel). As a result from the activity both students evolved frofiyusing
local information towards a global point of view of describing and explaining thé
variability between the groups. Bakker (2004) also used software”miniteols'to
represent and analyse data sets. The responses to the task “growing a sample” was
strongly influenced by the minitools, however, the author was un§ure‘of whether it
limited or fostered the students’ capabilities. Pfannkuch (2005) analysed the studies
on variation published in a special issue of Statistics Education Researeh Journal
and suggested that all of them used tabular, graph, or diagrammati¢epresentations;
in three of the five papers the activities were also imiérsed in“a computerised
environment.

Standard deviation is the most popular measure‘of yaciation‘or spread, but at the
same time, is a very difficult concept and being arather formal concept, its study has
almost been confined to high school and university level. Some investigations about
how university students learn standard deviation have'beén,reported by delMas and
Liu (2005, 2007), who suggest that the concepts @fidistribution, mean, and deviation
from the mean are fundamental to constpiétthe notiontof standard deviation.

The ideas of error in measurement @nd deviation from the mean seem adequate
for pre-college students and have bgemexplored by)Lehrer and Schauble (2002)
who conducted a teaching study with*22 grade 4 students. The study developed
during 2 years, and involved measurement tasks aimed at helping students perceive
measurement error as distributed around an unknown true value. Similarly, Lehrer
et al. (2007) investigated children/§ development of the concept of variation in
measures using TinkerPlots. All the'students participating in this study — grades
5 and 6 — measured the same objéetrand, realised that the true length of the object
was obtained when thereywagy no error. Students were then asked to establish a
degree of precision for their measurements (closeness or agreement). Although
their precision criteria were unconventional, students began to see variation as a
relation between data andfitsidistance to a centre, which is often the sample mean
or median. The differenees/in the students’ solutions supported the central idea
that many mea§urements (data) are necessary to make an accurate estimation
of the unknown quantity. The authors suggested that TinkerPlots afforded that
students invent different*statistics, some of them being not conventional, activity
that makes the Subsequent ‘introduction of conventional measures of variation as
range, inter-quartile,range and standard deviation more meaningful.

3 »Students’, Understanding of Variation in Chance Contexts

Other aunthors developed tasks that allow students to display their perception of
variation in chiance settings. The paradigmatic task asks participants for predictions
in repeated trials of simple experiments such as tossing dice or throwing a coin.
Two features of variation affect the distribution of the outcomes that appear over
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repeated trials: the first is the expected variation indicated by the theoretical
distribution (for example, uniform or binomial distributions), and the second is the
unexpected variation, or departure from the theoretical expectations.

The “Lollies task” was used by Shaughnessy, Watson, Moritz, and Reading
(1999) in order to investigate the conceptions of variability in a samplépof 324
students in grades 4, 5, 6, and 12. A bowl has 50 red, 30 blue, and 20.yellowlollies.
Someone pulls out ten lollies, and the teacher counts the number/of red l6llies; this
action is repeated five times. The students were asked to predict the,number of red
lollies if the experiment of selecting ten lollies at random was repeated a given
number of times using three different formats: (a) In the rangéversien students were
asked for the maximum and the minimum number Yoffred lollies in the five
experiments, (b) in the choice version they were asked to|choose the most likely list
of results among several possible lists, and (c) in the'list,yersionithey were asked to
write a possible list of outcomes in the five experiments. Students’ responses were
categorised both on the basis of their use of £entrésyand variation. Students were
classified in high, “five”, and low according to the"magnitude of the centre in their
responses and as narrow, reasonable, and wide, aceordingto the range proposed in
their responses. The authors observed a #Steady growthathroughout grades 4—-12 on
the centring scale, but there was considgrable oscillation across grades on the spread
scale, and even a dip down in performianee among our grades 12 students” (p. 21).

Another task in a chance setting 4s predicting the/number of occurrences of each
number when a six-sided die is rolled 60 times(Watson et al., 2003; Sanchez &
Trujillo, 2009). Watson et al. proposed this task tp 746 students in grades 3, 5, 7, and
9, and the responses were classifiedlin five levels (0—4). A response was classified
at level 0 (20.5%) when the sum,of frequencies was greater than 60 or included a
frequency greater than 21. Levellm@0:2%) was assigned to responses in which
students provided frequengiespwith a totahof 60 but included subjective patterns.
Level 2 (31.8%) involved frequencies geflecting strict probability or unusual
variation with reasoning that reflected some understanding of the context. At Level
3 (8.4%) responses showedeither too narrow or too wide variation with appropriate
reasoning. At Level 4 (912%) the students responses showed appropriate frequencies
and reasoning. Wsing the'saméitask Sanchez and Trujillo (2009) found that 18% of
327 middle school#students, 20% of 214 high school, and 27% of 74 college
students displayedqa realisti¢ appearance variation in their predictions, since the
frequencies totalled 60 and‘each particular frequency fell in a range from 4 to 16.

Watson et alt (2003)¢explored the perception of variation of 189 students in
grade 7 and_197 in“grade 9 with the following task: A 50-50 (black and white)
spinner wa$ spun S0 times and the results for the number of times it landed on the
black partiwere recorded. Students were given three hypothetical results of these
experiments andiwere asked to select which of the three plots they considered a
feasonable fesult of the experiment. One of the plots represented results generated
byssimulating the uniform distribution of integer numbers from 0 to 50; another plot
represented the theoretical binomial distribution that models the situation; finally,
the third“plot represented a distribution generated from a simulation of the
experiment, which was close to a theoretical binomial distribution but with some
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deviations from the expected frequencies. The authors reported that 52.6% students
in grades 7 and 9 judged correctly that the first two distributions were made up and
the last one was real. In a similar experiment, Sanchez and Trujillo (2009found
that 16% of 327 middle school students, 16% of 214 high school studeats and:30%
of 74 college students judged correctly that the first two distributions, were
hypothetical while the last one was real.

Shaughnessy and Ciancetta (2002) used a task with two spinfiers;ieaeh having
equal area zone of black and white. Students were told that a participant won a price
if both arrows landed in the black zone, and were asked to.decide if theréwas 50-50
chance of winning or not. Only 20% of the 273 students in grade$)6—8 and 43% of
90 students in grade 9 said that the chance of winningiwas less than 50%. These
authors concluded that “there is a connection between the'conieeptjot sample space
in probability and the expected variation for thetvalue of a“random variable in
statistics” (p. 5).

4 Teachers’ Understanding of Variatiomin Data Contexts

Research on teachers’ understanding/ofyvariatien is Scarcer than that dealing with
students and most of it has been carrted out,with/pre-service teachers. All these
studies have training or intervention component Where the learners were teachers,
since an observation context had to be created that would allow the teachers’ ideas
about variation to emerge. Two of these studies involving variation in data context
are described in this section and pthetwo involving variation in a chance context
will be presented in Sect. 5.

Makar and Confrey (2005) gxamined how 17 prospective secondary mathematics
and science pre-service teachersyarticulatedaotions of variation as they compared two
empirical distributions. The teachersywere enrolled in a one-semester undergraduate
course on assessment and*data analysis. The authors interviewed the teachers in the
first and the last weeks ofithe course while they analysed a pair of dot plots of real
data, taken from students‘in ai'enrichment class, and a regular eighth grade class.
Teachers were asked toheompare the relative improvement of students in the two
groups, and then were given related questions if their responses needed clarification.

Makar and Confrey were interested to see how the teachers would use the
measures of centfey, variation, and spread to compare groups. The study showed
how prospective teachers expressed important ideas connecting variation with
distributiofts using'standard and nonstandard language. Some examples of standard
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statistical eXpressions used by respondents were: “proportion”, “mean”, “maximum/
minimum”, “sample size”, “outliers”, “range”, “shape”, and “standard deviation”.
The inclusion,of standard statistical terms in the teachers’ responses increased from
thesfirst week ito the end of the course. It is remarkable that the term “standard
deviation” was used by none of participants in the first interview and by only two
of them™in the second. In the teachers’ attempt to express ideas of variation,

two categories of nonstandard terms emerged in the interviews with underlying
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intuitive ideas of spread (“clustered”, “spread out”) and distribution (“triads”,
“modal clumps”); the use of these terms also increased in the second interview.

Silva and Coutinho (2008) studied nine in-service mathematicsf téachers’
reasoning about variation with a univariate distribution. Teachers were askedto
conduct a survey and use the data obtained about age of participants‘in theysurvey
to create a distribution. The authors analysed the teachers’ reasoning on vagiation
when they analysed the distribution of ages. After organising ddta i a frequency
table and drawing a histogram, teachers were asked to think of ‘a'different way to
represent the set of ages. Some excerpts from the teachers’,discussions revealed
different levels of variation reasoning, which were classified Yalong the levels
adapted from Garfield (2002) model of statistical reasoning, which'is consistent
with SOLO taxonomy of learning outcomes (Biggs & Collis;pl991).

At the first level (idiosyncratic), teachers calculated the meaniand mentioned the
standard deviation without understanding its meaning.“In the second level (verbal
reasoning), four stages were observed: (a) percéptiomef variation, (b) understanding
standard deviation as a measure of differences betweenialues, (c) understanding
that small standard deviation is always bettef,sand (d)“recognising that some
quantities of data fall inside the intervaliWwith extremesfat one standard deviation
from the mean. In the third level (trangitional reasening), teachers used more than
one summary statistics to describe the ages, fomexample, the maximum, minimum,
and modal group. At the fourth level (procedural reasoning), teachers grasped the
meaning of mean and deviations from the mean, afid started to consider the meaning
of intervals measured in standard deviations argund the mean. Finally, in the fifth
level (process reasoning), which ng teacher in this research attained, participants
would relate the mean, deviations from the mean, the interval of k standard
deviations around the mean, and/thi€idensity estimation of frequency in that interval.
Most of the nine teachers), reasoning fellNin the second level (verbal reasoning),
where standard deviation is understood asga/measure of sample homogeneity.

5 Teachers’gUnderstanding of Variation in Chance Contexts

In the context of.a,pre-service course in probability and statistics in which 30
pre-service teaghers paisticipated, Canada (2006) studied the responses of 11
participants who velunteered to be interviewed before the course (pre-survey).
During the course, series of activities which were designed to offer opportunities to
investigate{andidiscuss variation were conducted. After the course, the teachers
were interviewed again (post-survey). The activities during the course were centred
onsdata and graphs, sampling and probability situations. The surveys contained
three tasks. The first was a “one set” context where teachers were asked to predict
thesumber of heads in 50 flips of a fair coin. In the “compare sets” task, teachers
were asked to'predict the results of a second set of experiments in comparison with
the resultsiof the first set of trials. Finally, in the “six sets” task, teachers were asked
to describe what would happen in each of the 6 sets of 50 flips each. Canada
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classified the teachers’ responses to the one set question according to whether
teachers believed the result would be “a number near 257, “just 257, or “an interval
of values around 25” (levels 0, 1, and 2 respectively). The teachers’ feasenings
were classified according to whether they gave no explanation or a vague reasoning
for their response, used additive reasoning, used proportional reasoninger used
proportional reasoning with suggestions about what else might happen (levels 0,
1, 2, and 3). There was clear progress from the responses on the pre-survey to
the responses on the post-survey, indicating a better understanding of variation.
An interesting contribution of this work is an “evolving Jramework’” to help
characterise elementary pre-service teachers’ thinking aboutvariation.

Sanchez and Garcia (2008) were interested in the\psoblems teachers face to
construct the elementary notions needed to use vamationpin)order to make
predictions. They gave a questionnaire to six in-servige,middleischool teachers in
Mexico before and after performing some simulation activities with Fathom as a
part of a professional training course. One taskiasked the teachers to predict the
number of times each number would occur if agdice wasgolled 60 times. After
predicting results from ten experiments the teachers compared their responses with
the simulation results. Two types of reagoning wete observed in the teachers who
responded “10, 10, 10, 10, 10, and 10” ifi the pre-test; while some of them perceived
the variability in the results but wergtinable te.express their ideas, other teachers
really expected the theoretical expected.outcomes. Jn the post-test, all the teachers
predicted sequences with reasonable variation.

Another question in the post-test asked to predict what would happen if the
die was rolled 1,000 times. Despité having predicted good variation for 60 rolls,
3 teachers predicted a very small vagiation for 1,000 rolls. Even when teachers
recognised that there was variationjithey\presumed it would decrease as the number
of repetitions increased. The amthors identified an intuitive misunderstanding of the
law of large numbers, because these teachers expected that as the number of
repetitions increased, the absolutefriequencies for each face will tend to be equal
instead of understandingfthatrelative frequencies of each face would converge to
the theoretical probability.

6 Implications for Teaching and Research

The studies reviewedin'this chapter describe some teachers’ responses when faced
with variationtasks in data and in chance settings. In the four studies reviewed
where somejactivities were carried out through classroom instructions, technology
had“a~role in'thie€ of them, and real- or classgenerated data were analysed by
participafits’in all the studies.

These features agree with some principles of the Statistical Reasoning Learning
Environment/described by Garfield and Ben-Zvi (2008), and based on Cobb and
McClain“(2004): (a) Using real and motivating data sets, (b) using classroom
activities to support the development of students’ reasoning, (c) integrating the use
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of appropriate technological tools, (d) focusing on development of central ideas,
and (e) promoting classroom discourse and using of assessment to uncover what

students know. Therefore, the Statistical Reasoning Learning Enviro is a
suitable framework for training teachers as well as students. The recommen
for teaching variation should also include (Shaughnessy, 2007):

ki

* Emphasise variability as one of the primary issues in stati

ing and

i .
statistical analysis,

¢ Build on students’ intuitive notions of centre and vaﬁglity,

¢ Introduce comparison of data sets much earlier to to formal
statistics (p. 1002).

Another conclusion is that the same type of researc ied out in most
studies of teachers’ and students’ reasoning aboutgyariat en though the
problems of training teachers and students are different:-While the studies reviewed
contribute to our understanding of teachers’ rea g on variation, the

study of teachers’ professional knowledge and ctices while teaching
variation is an urgent need.
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Chapter 23
Teachers’ Knowledge of Distribution

Chris Reading and Dan Canada Q
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ha well-developed
web of statistical

Abstract To teach statistics effectively teachers&
knowledge of distribution. As a key conceptin a
knowledge, distribution depends on, and is dépe any other statistical
concepts. Various frameworks have been de researchers strive to
describe the cognitive development of knowledg bution. Considering the
professional learning continuum that a raverse, research studies
are reported that have focused, from t ive of teachers as learners, on the
development of teacher knowledge i i h before teaching and while
teaching. Recommendations are made ning and future research into
teachers’ knowledge of distribution.

o)
n b

1 Introduction

Knowledge of distribution n a co: ation of key concepts such as centre,
spread, and shape (Bakker ijer, 2004; Reading & Reid, 2006), many of
which have been the foc ther chapters. Through a synthesis of these concepts,
distribution of data em as afundamental concept in its own right. Reasoning
about distributi(‘t us of a special issue of the Statistics Education
Research Journal, cribed as a “complex and challenging research topic”
(Pfannkuch & Reading, ,p-5).
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The purpose of this chapter is to highlight research on knowledge of distribution,
with a particular focus on teacher (both pre-service and in-service) knowledge.
After defining distribution and explaining its place in a web offstatistical
knowledge, emerging frameworks to describe the knowledge are shared. Taking
the perspective of teachers as learners, research studies that have investigated the
knowledge development of teachers both while training and while teaching are
presented. Finally, recommendations are made for future teachef learning and for
future research.

2 Distribution in a Web of Statistical Knowledge

A vast collection of interconnected concepts forms &’ web of statistical knowledge
that is critical to functioning statistically. Such"conhiectedness has previously been
identified by other researchers (e.g., Shaughnessy,2007). Theconcept of distribution
is an important node in this web, depending on some statistical concepts and being
depended on by others. To facilitate lgaming aboutistatistics, teachers need to
develop a strong knowledge of distribufion, as well as a clear understanding of the
role of distribution in this web. Distribution issusefully defined as the arrangement
of values of a variable along a scale ofimeasurement resulting in a representation
of the observed frequencies or the theoreticaliprobability of a range of values of the
variable (modified from Leavy, 2006, p. 90)) This concept is fundamental to
statistical reasoning (Wild, 2006) afid is complex (Shaughnessy, 2007), despite its
relatively straightforward definitipn.

Knowing about distributionfiSWeritical to teachers preparing to teach about
distribution, and an awareness of the major distinction between empirical and
theoretical distributions is essential to knowing the concept. Empirical distributions
are what are seen in the" data by way of the frequencies of the variables.
Theoretical distribution§“ar® what are imagined to exist by way of random
variables. The first stepito/knowing about distribution is being able to describe
how data are distributed (€mpirical). The second, more difficult, step from
empirical to theoreticalddistributions can be facilitated by providing experiences
in distinguishing between sample and population distributions, such as linking
real data to the gheoretical distribution (Batanero, Tauber, & Sanchez, 2004) and
using multivariatéydata (Wild, 2006).

To establish, theeritical role of distribution in the web of statistical knowledge,
both the cgncepts on which distribution depends, and the concepts that depend on
distribution,ineed to be identified. A critical role for distribution was identified by
Frel~O’Connorpand Mamer (2006) who included among the big ideas for
developifig Statistical skills being able to deal with variability and centre when
analysing data distributions (i.e., concepts on which distribution depends), and
being able tofview new data as a distribution for inferential work (i.e., concepts
which depend on distribution).
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2.1 Concepts on Which Distribution Depends

Nine key concepts on which the concept of distribution depends have been clearly
identified: centre, variability, shape, density, skewness, relative frequency, psobability,
proportionality and causality. The first seven of these concepts are identifiable
features of distribution, while the last two are more abstract. Cefitfeyvariability
(spread) and shape are commonly agreed (see, e.g., Bakker, 2004; Ceawy, 2006;
Pfannkuch & Reading, 2006; Shaughnessy, 2007; Garfielda& Ben=Zvi, 2008) to be
core concepts. The notion of a web connecting concepts is reinfoféed by Shaughnessy’s
(2007) explanation of the interrelated connections between centre, atiability and
shape. Connecting natural variation to distribution structures,is a major conceptual
hurdle when learning statistics (Reading & Reid, 2006; Shaughnessy, 2007). Implicit
in the concept of variability is the concept of variable/which Garfield and Ben-Zvi
(2008) pointed out, is itself essential to an undetstanding ofdistribution. Density,
skewness and relative frequency (for data distribution)'os probability (for theoretical
distributions) have also been shown (see, e.g., Bakker & Gravemeijer, 2004; Batanero
et al., 2004; Leavy, 2006) to be critical concepts wheidealing with distributions. The
potential of distribution to connect probability to statistics has been under-utilised
in teaching and curricula (Pfannkuch & Reading, 2006).

Proportionality and causality, the more abstract concepts, are less commonly cited
as key concepts on which distribution depends butwarrant consideration. Proportionality
is important when working with specific distrtbufions. Ciancetta (2007) found that
comparing distributions of different sized groups proved to be easier for those who
could reason proportionally. This i§“eonsistent with Shaughnessy’s (2007) research
that showed a progression of thifiking \from additive to proportional and finally to
distributional. Focusing on causality is important in co-ordinating the frequency
perspective of distribution (i¥e:4 data-centric, paying attention to variation and shape of
collected data) and the probability, pérspective (i.e., modelling, paying attention to
randomness and probabilities that:mould the outcomes). A deep knowledge of
distribution cannot develop aintil, these two perspectives have been co-ordinated.
Thinking-in-change when', working in a technology-supported environment
(Prodromou & Pratt,£2006)has‘proved useful in assisting such co-ordination.

The notion of a ‘webweonveys the intricate interconnectedness of concepts
important to stati§tical knowledge. The necessary interconnectedness of these nine
key concepts, to distribution and to other concepts, illustrates the complexity of the
knowledge of distribuition that teachers need to develop.

2.2y, Coneepts_that Depend on Distribution

Distribution’s| role in the web of statistical knowledge does not end with its
dependence on concepts. Three more sophisticated concepts, sampling distribution,
statistical‘éonfidence and statistical significance, have been identified as depending
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on the concept of distribution. Sampling distributions are difficult to understand
(Shaughnessy, 2007) and depend heavily on variation (Madden, 2008; Reading &
Reid, 2006) but distribution is another key concept that needs to be i
develop that understanding (Chance, delMas, & Garfield, 2004; Kadij
This necessary integration further illustrates the complexity of
example, sampling distribution is connected to variability by broadeni

see also the chapter by Harradine, Batanero, & Rossman in this b
is also a key concept for both statistical confidence and’ statistic
(Chance et al., 2004), which highlights its importance whe i

The development of teacher knowledge must from two
perspectives. First, teachers need to have a well-dev ledge of the
concepts on which distribution depends to all t elop their own
knowledge of distribution. Second, they need to their knowledge to
include concepts that depend on distribution hemto effectively facilitate
student learning about distribution.

used in statistics education researci. Reasoning is an important cognitive process
ledge but one cannot reason until a certain

about distribution, Reading a
involved ‘“understandin
sophisticated, cycle of 1

(2006) found that the first cycle of levels
ey elements and then the second, more cognitively
involved “using” those elements. When reporting on
teacher knowlec' of di in the following sections, research into teacher
understanding of, oning about, distribution are also considered relevant.
For information ut ers’ knowledge of other concepts in the web of
statistical know seeyother chapters in this book.

3 Fra w to Describe Knowledge of Distribution

ribe teachers’ knowledge of distribution and how it develops, it is
to\consider frameworks proposed by researchers to explain such
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3.1 Frameworks Dealing with Understanding
the Concept of Distribution

Three levels of understanding of distribution were described by,
Gravemeijer (2004). At the first least sophisticated level, a distribution
viewed as a set of data values. At the second level, a distribution is
of its underlying characteristics, expressed as summary statisti
spread and skewness. At the final level, the conceptu tity ¢ bution is
recognised with data viewed as an aggregate. These lev e supported by
Prodromou and Pratt’s (2006) in-depth study of <thinking nge” about
distribution and by others (e.g., Friel et al., 2006).

centre,

Four levels of increasing cognitive sophisticati iancetta (2007)
expanded on Bakker and Gravemeijer’s (2004) 1 The first and second
Ciancetta levels, similar to Bakker and Grave je levels, involved a
local view of data that only allowed additive rea The'third Ciancetta level
involved proportional reasoning and initial recog global aspects of data,
and the fourth (final) Ciancetta level i ation of multiple aspects,

indicating a global view of the distri
expanded view of Bakker and Gravenieij
Researchers generally agree on
understanding of distribution. Howeve
distribution must also include levels of develop
that is, how distribution can be used.

s required in the development of an
chers the full knowledge of
t of reasoning about distribution,

3.2 Frameworks Dealing with Using the Concept
of Distribution

Understanding of a con s more apparent when problems can be solved using
that concept. A.»r co sophisticated level of knowledge of distribution
becomes apparent e distribution concept appears in frameworks describing
the development n e of other statistical concepts. One such instance is
based on an u ying, framework for solving mathematical problems where
Batanero et al. nd that emphasis on distribution helped the transition
from data ana stical inference (a process which depends on distribution).
is the Franklin and Garfield (2006) four-level developmental
stical problem-solving process. Distribution figures prominently
vels which deal with using characteristics of distribution in the
ecific example, as tools for analysis, and in analysis as a global
ctively. The fourth (final) level does not refer specifically to
distribution. These levels show increasing cognitive sophistication and are more
about ” than “understanding” the concept of distribution.
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3.3 Framework for the Cognitive Development
of Knowledge of Distribution

The various frameworks considered thus far have been proposed for developingan
understanding, or for steps in reasoning or for applying in specific tasks inyolying
distribution. While these frameworks have some commonality, gach énly covers
part of the continuum of knowledge of distribution, from dealihg with ¢oncepts
that distribution depends on, that is, understanding disffibution; to¥dealing with
concepts that depend on distribution, that is, using distribution®A framework that
covers a fuller spectrum of this knowledge (Reading & Réid, 2006)yhas levels of
increasing cognition arranged into two separate cycles.|Theframework, based on
the Structure of Observed Learning Outcome (SQLO) Taxonomy, was developed
from assessment-task responses given by tertiary students, some of whom were
training to be teachers. The first cycle of levels described‘incfeasing cognition in
understanding distribution and the second cycle in-using, distribution for statistical
inference. This second cycle is important for/teachers as they need to have a
well-developed knowledge of how to use distributiomif they are to teach effectively
about distribution. Reading and Reid (2006) found that supporting activities were
needed to assist those with poor knowledgépef variation to move through the first
cognitive cycle of understanding/distribution tg the second cycle of using
distribution to engage in inference.

Distribution’s complex role in the web of statistical knowledge means that the
process of developing a framework to describe the knowledge of distribution is
equally complicated. Of the framéwerks proposed to date, the Reading and Reid
(2006) framework is the onlyfene that provides detailed levels of cognitive
development to describe both uaderstanding and using distribution. These necessary
levels provide a good focus'for teacher learhing about distribution, both while still
being trained to teach and while teaching:

4 Teachers as Ilearners

Teachers need tg build on what they know and hence grow as learners. On the one
hand, teachers need,to learn about the concept of distribution. On the other hand,
they need to learn aboutthe pedagogy associated with how students come to know
that content. ‘Given the concerns over gaps in teachers’ statistical knowledge
(Watson, 2001; Shaughnessy, 2007), it is not unexpected that research studies are
now addressing t€achers’ learning about the concept of distribution and investigating
the needsforiteachers to develop a better awareness of the difficulties students have
inydeveloping the concept of distribution (Garfield & Ben-Zvi, 2008). Although
teachers aregcapable of building upon their students’ own intuitive ideas, for
example;using informal language such as referring to “clumps” or “bumps” of data
when describing a distribution, Bakker and Gravemeijer (2004) noted that some
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classroom teachers had difficulty in maintaining class discussions adequate to elicit
student understanding. Teachers need to learn by listening and observing how their
students reason about distribution.

Two research studies about the statistical reasoning of an eleme
teacher (Mickelson & Heaton, 2004) and secondary school teacher (Pf:
centred on different aspects of distributional reasoning but shared t
that they firmly cast the teacher in the role of learner. Mickelson
focused on one third grade teacher’s reasoning about distributi
applied her evolving knowledge to conduct statistical ‘e igal
context varied, the teacher inconsistently applied both
statistical reasoning about distribution and seemed less
understanding of distribution when the classroom_invi
open-ended statistical inquiry. %

teacher
sons. As
ry and naive
strate a deep
olved a truly

to de

Pfannkuch (2006) focused on the reasoninggartic secondary teacher
when making informal inferences based on i ots and interpreting
box plot distributions. The research developed 4 omprising ten distinct
elements to categorise the teacher’s thinking and be the nature and type of

and to consider themselves as learne
well as learning how students learn about on. Now the lens of teachers as
learners is used to examine more deeply knowledge development before teaching, that
is, as a part of pre-service teacher traifiing and knowledge development while teaching,
that is, as a part of professional deyelopment activities or through in-class research.

5 Knowledge Devel Teaching

fferent points along the professional learning cycle at
ccurs, attention is turned to research situated in
. Studies involving elementary (i.e., primary and middle
chers are described, followed by studies involving
teachers. One common feature of these studies is that
ad at least one course in their programme that afforded

Recognising that there
which knowled‘:i el
pre-service teacher
school) level pre.
secondary level
the pre-service
statistical ed

teachers. Leavy’s (2006) research took place in a teaching method class and
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investigated the approaches 23 pre-service teachers used to compare distributions
of data. A shift from exclusive focus on calculating statistics (especially the mean)
to inclusion of graphical representations occurred as the pre-servic€ feachers
considered variability as well as centres. Leavy (2006) cautioned that,pre-service
teachers need to examine the structure of their own knowledge to/knowawhat it
means to understand a concept such as distribution and that this_has net been
encouraged by traditional teaching of pedagogy.

Canada and Ciancetta (2007) asked 58 pre-service teachers te_explain their
reasoning in deciding whether there was a real difference between trip tifn€s for two
trains based on data with equal sample means. The researc¢hianalysis framework
considered how centre (average) and spread (variationjpwere incerporated in the
responses. More limited comparisons of distributions wereimadeywhén the pre-service
teachers focused solely on centres, with richer comparisons being made by the
distributional reasoners who also attended to variation.

Extending these findings, Canada (2008)“compared 58 pre-service teacher
responses with 50 middle school student responses; usingithe Canada and Ciancetta
(2007) framework. Overall, more than three timesyas many pre-service teachers as
students had distributional responses, thateis, attendinggto both centre and spread.
Despite this, there were qualitative similarities among the responses of both groups.
Specifically, the informal language uséd, by|the pre-service teachers and students
was very similar to that reported by Bakker and Gravemeijer (2004). For example,
a pre-service teacher emphasised that distributions differed because one was “very
spread out” and the other was “clustered together”.

These three research studies ifivolved elementary pre-service teachers and
emphasised the concepts on which distribution depends, such as the integration of
centre and variation while reaséfiingsabout graphical representations of data.
Although pre-service teachersyhave been shown to be more distributional in their
thinking than their students, they must still,be encouraged to examine the structure
of their own knowledge of distributien to better inform their teaching.

5.2  SecondaryPre-service Teacher Knowledge Development

Two important fesearch studies (Makar & Canada, 2005; Ciancetta, 2007) have
investigated the| kmowledge of secondary school teachers. Makar and Canada
(2005) interviewed;‘before and after their course about assessment, 23 pre-service
teachers (17 of‘them training for secondary teaching) after showing them 2 stacked
dot_ plots ‘ofyreal ‘data. The pre-service teachers were asked to determine the
effectiveness af @Course by comparing the exam mark improvement for students
in, andgfiot¥in the, course. In the evidence used by the pre-service teachers to
support claims made, the words used to describe distribution were often very much
like those used by elementary pre-service teachers, and both resembled the
language“students used. Teacher training needs to utilise familiar language to
assist teachers to become more comfortable with mathematical language, to learn
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to reason about distribution and to learn how to delve into what their students
understand (Makar & Canada, 2005).

Ciancetta’s (2007) research involved data comparison tasks that féctised on
proportionality and included both equal and unequal sample sizes. Overall, the 275
pre-service teachers had difficulties with proportional reasoning. Theyheached
different conclusions depending on which feature of distribution was,the foeus and
they relied on additive reasoning when numerical summaries o’ graphshwere not
used. Ciancetta was careful to acknowledge the important role\of,context as the
different inferences made varied according to the data context.

As with the elementary pre-service teachers, the research‘invelving secondary
pre-service teachers incorporates knowledge of multiplel concepts connected to
distribution in the web of statistical knowledge. However, these latter studies are
distinctive in recognising a greater emphasis on’pgeportionality. Importantly,
pre-service teacher conclusions varied depending “om “what features of the
distribution were the focus of their analyses.

6 Knowledge Development While Teaching

Research on the development, whilefeaching, of teacher knowledge of distribution
falls across three categories focused on: specifie, téachers’ learning while teaching
in the classroom; teachers learning during professional development activities
occurring outside the classroom and teachers {earning while working with their
students during in-class activities. Haying previously described examples of studies
(Mickelson & Heaton, 2004; Pfadnkuch, 2006) from the first category, examples of
studies in the second and third ategoriesjare now offered.

6.1 Knowledge Deyelopment During Professional
Development Involving Teachers

Two studies (Makar'& Confrey, 2004; McClain, 2008) have investigated knowledge
development whilegteachers are engaged in professional development. Makar and
Confrey (2004)fdescribed how four secondary teachers used statistical learning
software to comparesdistfibutions to help decide whether two groups were different.
A tremendousgimprovement was seen in teacher understanding but teachers were
using infofmal“language to convey an intuitive recognition of variation within a
group as welhas between groups. Makar and Confrey (2004) noted that teachers
striggled to distinguish between within- and between-group variation, which is of
Critical@impottance when comparing distributions. It was also underscored how
difficult'it was/to learn about teacher reasoning as compared to student reasoning,
in part becatise teachers often see themselves as experts. Yet, because their
knowledgelof statistics is often weak, teachers may be more open to learning about
distributional reasoning as opposed to other mathematical content domains.
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McClain (2008) described professional development activities with 17 middle
school teachers that involved comparing distributions using computer technology.
Despite initially focusing on specific data points, the teachers were ab
about the data as an aggregate, after engaging in professional
activities. In particular, for one task McClain (2008) suggested th
were “attempting to coordinate the differences in the relative densiti
sets as they clarified their arguments” (p. 5).

These studies focused on work with teachers through th
professional development activities. Taking place outsi
environment, this research involved, to some extent, a com
to further develop teachers’ knowledge. Teachers we
understanding after the professional development stivi

f distributions

ea
und e increased

6.2 Knowledge Development During
Development Involving Teachers

Hammerman and Rubin’s (2004) rese ed 11 middle- and high-school
teachers as they participated in proféssi ent seminars over 2 years.
The researchers observed the teachets i ir classrooms and participating
in a six-week sixth-grade teaching experime teachers and students analysed

and “slices” (groups produced by ndultiple cut points) using the dynamic statistical
program Tinkerplots (Hamme Rubin, 2004). The researchers found that
different representations of a n gave rise to different questions and
justifications about the data. tware facilitated these representations
because “seeing” the distri isation that a measure of centre may
not be representative of the en ibution. This methodology allowed teachers

and their students to b in_the role of learners as they negotiated a deeper
understanding of distrib .
Including st as the teacher professional development process

allowed researcher: that teachers have representations of distributions, and
related questions C ions, that differed from those of their students. The
variety of professional learning, within or outside the classroom, and involving only
the teacher or r and students, and associated research gives a broad
perspective ers can develop a deeper knowledge of distribution.

knowledge of the concept, including a functional understanding of the web of
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statistical knowledge. A better knowledge of distribution is critically connected to
knowledge of concepts on which distribution depends and also to knowledge of
concepts which depend on distribution. Teachers need to be moved just
understanding the concept of distribution to being able to use th
statistical activities. More professional learning experiences that allo
of personal knowledge development of concepts, and of the connecti
the concepts must be offered to teachers. It is recommended t
such as concept maps (see, e.g., Afamasaga-Fuata’l & Reading, 2(
as a visual aid to assist teachers to organise the interconn‘ 0
other concepts.
Further research is recommended to support teach ofess learning by
refining a framework to explain the cognitive ﬁlvel of knowledge of
distribution and by evaluating approaches to supp ei ment of teacher
knowledge of distribution. Consideration shg providing more
opportunities for teachers to be involved in resea and to uraging teachers to
co-learn with their students. In particular, teachers encouraged to research
til researchers are able

to expect that teachers’ pedagogical
particular and statistics, more gener
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Chapter 24
Students and Teachers’ Knowledge
of Sampling and Inference

Anthony Harradine, Carmen Batanero, and Allan Rossman

Abstract Ideas of statistical inference are being’: ing uded at various
levels of complexity in the high school curri countries and are
typically taught by mathematics teachers. Mo$ e teachers have not received
a specific preparation in statistics and therefore, some of the common
reasoning biases and misconceptions about statis ence that are widespread
among both students and researchers. is e basic components of
statistical inference, appropriate to schoéol analysed, and research related
to these concepts is summarised. Fi endations are made for teaching
and research in this area.

1 Introduction

Statistical inference, in t ible terms, is the process of assessing
strength of evidence conce ot a set of observations is consistent
with a particular hypothesis hanism that could have produced those
observations. It is an tial tool in management, politics and research;
however, people’s und ding) of statistical inference is generally flawed. The

application and ret. standard inference procedures is often incorrect
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(see, e.g., Harlow, Mulaik, & Steiger, 1997; Batanero, 2000; Cumming, Williams,
& Fidler, 2004).

Because of the relevance and importance of statistical inference gfeducation
authorities in some countries include a basic study of statistical inference in the curriculum
of the last year of high school (17-18 year olds). For example, South Australian and
Spanish students learn about statistical tests and confidence interyvals for both
means and proportions (Senior Secondary Board of South Australia SSABSA], 2002;
Ministry of Education and Sciences, 2007). New Zealand studénts learn about
confidence intervals, resampling and randomisation (Ministey of,Educationy2007).

Some of the fundamental elements of basic inference areAmplieitly or explicitly
included in various middle school curricula, as well. Fof example, the National
Council of Teachers of Mathematics (NCTM) Standards ((2000),suggest that grades
6-8 students should use observations about differepces between two or more
samples to make conjectures about the populations/NCTM, further recommends
that grades 9-12 should use simulations to™explore the“wariability of sample
statistics from a known population and to constructisampling distributions; they
also should understand how a sample statistic teflects the value of a population
parameter and use sampling distributiong’as.the basis for'informal inference. More
recently, the American Statistical Asgociation’s Guidelines for Assessment and
Instruction in Statistics Education/(GAISEmFranklin et al., 2005) highlights
the need for students to look beyond'the'data when making statistical interpretations
in the presence of variability and urges that'students in middle grades recognise
the feasibility of conducting inference and that high school students learn to
make inferences both with randomdsampling from a population and with random
assignment to experimental groups.

This chapter analyses the basiegelements of statistical inference and then
summarises part of the widergresearch that is relevant to teaching this topic (see
Vallecillos, 1999; Batanero, 2000; CastrozSetos, Vanhoof, Noortgate, & Onghena,
2007 for an expanded survey). Theschapter finishes with some implications for
teaching and research.

2 Statistical Inference — A Rich Melting Pot

Classical statistical inference consists primarily of two types of procedures,
hypothesis testing and€onfidence intervals. These techniques build on a scheme of
interrelatede@néepts including probability, random sampling, parameter, distribution
of values of a sample statistic, confidence, null and alternative hypothesis, p-value,
sighificance level and the logic of inference (Liu & Thompson, 2009).
Consequently, statistical inference consists of three distinct, but interacting,
fundamental“elements: (a) the reasoning process, (b) the concepts and (c) the
associated computations. Because the computations are often easily learned by
studentsyand can be facilitated by user-friendly software, teachers of statistics must
teach the three components and not just the mechanics of inference, because the main
difficulties in understanding statistical inference lie within the other two elements.
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2.1 The Reasoning Process

Garfield and Gal (1999) suggest that, across the primary, middle and

years, teachers must develop students’ statistical reasoning — the pro,
use to reason with statistical ideas and make sense of statistical inform

process is supported by concepts such as distribution, centre, sp ociation,
uncertainty, randomness and sampling, some of which have bee % in other
chapters in this book. While most students may be able tegperfo : ulations
associated with an inferential process, many students 195 onceptions
that prevent them from making an appropriate inte on esult of an
inferential process (Vallecillos, 1994; Batanero, 2000; -Sotos et al., 2007). In
addition, Garfield (2002) remarks that some te‘)ers ecifically teach
students how to use and apply types of reasoning er teach concepts and
procedures and hope that the ability to rea ill as a result. As a
consequence, students reach their first inferentie asoning experience with a
reasoning-free statistical background, giving rise d-set that statistics is
solely about the computation of numerical val possible reason for this
unfortunate circumstance is that teachergresponsible eaching statistics at a high
understandings of inference (Liu &

2.2 The Concepts

Central to learning statistieal inference 1 erstanding that the variation of a given
statistic (e.g., the mean) ca d from single random samples is described by a
probability distribution — kno sampling distribution of the statistic. When
thinking about statistica nce 1t is necessary to be able to clearly differentiate
between three distributi

e The probabi” i that models the values of a variable from the
population/process. istribution usually depends on some (typically unknown)
parameter v For example, a normally distributed population is specified
by two para rs — itsy mean and standard deviation, often denoted by ¢ and C .

* The data dis of the values of a variable for a single random sample

population/process. From this sample, statistics such as the mean

ation, often denoted by ¥ and s can be used in the process of
nown values of the population parameters.

distribution that models the variability in values of a statistic

otential random samples taken from the population/process, called

distribution. One example is the sampling distribution of a sample
ch in many circumstances h%s an approximately normal distribution
with mean y and standard deviation I where n represents the sample size.

This result provides the basis for much of classical statistical inference.
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Sampling distributions are more abstract than the distribution of a population or
a sample and so are typically very challenging for students to understand (see
Sect. 3.2). One reason for this difficulty is that when thinking abo
population distribution and the single random sample’s distribution
analysis (case) is an individual object. This is in stark contrast to
distribution where the case is a single random sample (Bata
Vallecillos, Green, & Holmes, 1994). The object of interest for
might be the mean, for example, but in each case the distribution ean has a

different interpretation and a different behaviour. One stl.g or
to understand these distinctions is to engage in activities I\
ith su

repeatedly
taking random samples from a population. When worki tivities, high
school students often struggle with moving between th lgvels of imagery
(Saldanha & Thompson, 2002). Proper applicatio int on of statistical
inference requires mastery of the knowledg nd% specific to each
these'dis

distribution and understanding of the rich lin tributions.

3.1 Understanding Sa

Research on inferential reason ed with the heuristics and biases programme
of research in psycholo neman, Slovic, & Tversky, 1982), which established
that most people do not w the normative mathematical rules that guide formal
scientific infere‘ he ke a decision under uncertainty. Instead, people
tend to use simp ental heuristics that sometimes cause serious and
systematic errors,gand errors are resistant to change. For example in the
representativengss heuristics, people tend to estimate the likelihood for an event
based on how presents some aspects of the parent population. An
associated fa as been termed belief in the law of small numbers is the
11 samples should exactly reflect all the characteristics in the

ich is mostly theoretical and includes descriptions of different
dom sampling. The core message of such instruction is that if a
en in a suitable random manner and is sufficiently big, it will be

learn to think about a random sample as a mini-me of the population and that the
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purpose of drawing a random sample is to ensure representativeness in order to gain
knowledge about the population from the sample. This conception constrains
students’ thinking to a single random sample only and provides nogavénue to
appreciate the range of possible samples that might have been drgwn and thé
variability across that range.

Understanding the purpose of drawing a single random sample in the context of
hypothesis tests and confidence intervals, requires the assimilation gf “two apparently
antagonistic ideas: sample representativeness and (sampling) variability” (Batanero
et al., 1994). In these situations the purpose of drawing a single,sample iSit6 quantify
that sample’s level of unusualness relative to the many other samples,that could have
been drawn. Saldanha and Thompson (2002) observed that{ without‘a suitable sense
of the variation across many possible samples, which extendsyto the notion of the
distribution of a statistic, grade 11 and 12 students gended ‘to judge a sample’s
representativeness only in relation to the populatien pafametém,Hence, when required
to decide how rare a sample was, these students“didiso based'on how different they
thought it was to the underlying population parameter andsnot “on how it might
compare to a clustering of the statistic’s values” (Saldanha & Thompson, 2002).

3.2 Understanding Sampling Distributions

Reasoning about sampling distributions requires students to integrate several
statistical concepts and to be ablego reason about the hypothetical behaviour of
many samples — an intangible thought\process for many students (Chance, Delmas,
& Garfield, 2004). According tofthésesauithors, many students fail to develop a deep
understanding of the samplinggdistribution\concept and as a result can only manage
a mechanical knowledge of statistical infesence, leaving such tasks as interpreting
a p-value well beyond those students:

Saldanha and ThompSen¥(2002) studied the understandings of high school
students when engaged imactivities that used computer applets to simulate repeated
random sampling from a‘population. The activity required students to randomly
draw a sample fromy#a pépulation, compute a sample proportion and then repeat this
process over and_ever. They found that most students had extreme difficulty in
conceiving of repeated sampling in terms of three distinct levels: population,
sample and collection of sample statistics. These difficulties led many students to
misinterpret a simulation’s result as a percentage of people rather than a percentage
of sample proportions.

Chanceetal. (2004) found that while students were able to observe behaviours and
notice~patterns imbthe behaviour (e.g., larger the sample size smaller the variation)
shown by random sampling applets, they did not understand why the behaviour
oceurred. Thejauthors noted that, after exposure to applets, students were unable to
suggest plausible distributions of samples for a given sample size and agreed with
Saldanha“and Thompson that students did not have a clear distinction between the
distribution of one sample of data and the distribution of means of samples.
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Simply being exposed to the applets was not sufficient to render a learning gain.
The authors concluded that: (a) students need to become more familiar with the
process of sampling, (b) activities associated with applets need to be bothfstfuctured
and unstructured and (c) students need to discuss their observations after an activity's6
they could become focussed on what observations are most important, what important
observations they did not make and how the important observations are connected.

3.3 Understanding the Null and Alternative Hypotheses

Errors and misinterpretations in hypothesis tests can lead to aparadoxical situation,
where, on one hand, a significant result is often required to get'a paper published
in many journals and, on the other hand, significant results,are misinterpreted in
these publications (Falk & Greenbaum, 1995) /Theréjis confusion between the roles
of the null and alternative hypotheses as well as betweenythe statistical alternative
hypothesis and the research hypothesis (Chow, 1996). Vallecillos (1994) reported
that many students in her research, including 6 out of#i3il pre-service mathematics
teachers, believed that correctly carrying.out a test proved the truth of the null
hypothesis, as in the case of a deduétive proeedure.yVallecillos (1999) described
four different conceptions regarding’the'type of progf that hypotheses tests provide:
(a) as a decision-making rule, (b) as a procedure for obtaining empirical support for
the hypothesis being researched, (c) as a probabilistic proof of the hypotheses and
(d) as a mathematical proof of thé truth of the hypothesis. While the two first
conceptions are correct, many students in her research, including some pre-service
teachers, held either conceptiond(€)ron(d).

Belief that rejecting a null hypothesis means that one has proven it to be wrong
was also found in the research,by Liu and /Thompson (2009) when interviewing
8 high school statistics teachers, who seemed not to understand the purpose of
statistical tests as mechamisms§ to carry out statistical inferences.

3.4 Understanding Statistical Significance and p-values

Two particularlyimisunderstood concepts are the significance level and the p-value.
The significance level™is defined as the probability of falsely rejecting a null
hypothesis{ The p-value is defined as the probability of observing the empirical
value of the'statistic/or a more extreme value, given that the null hypothesis is true.
Theémest common'misinterpretation of these concepts consists of switching the two
terms_imfthéyconditional probability: interpreting the level of significance as the
probability that the null hypothesis is true once the decision has been made to reject
it or interpreting the p-value as the probability that the null hypothesis is true, given
the observed data. For example, Birnbaum (1982) reported that his students found
the following definition reasonable: “A level of significance of 5% means that,
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on average, 5 out of every 100 times we reject the null hypothesis, we will be
wrong”. Falk (1986) found that most of her students believed that o was the
probability of being wrong when rejecting the null hypothesis at a significanee level
. Similar results were found by Krauss and Wassner (2002) in univergity lccturérs
involved in the teaching of research methods. More specifically they found that four
out of every five methodology instructors have misconceptions about the concept
of significance, just like their students. Vallecillos (1994) carried “outextensive
research on students’ misconceptions related to statistical tests \(#p= 436 students
from different backgrounds) that included 31 pre-service mathematies teachers
(students graduating in mathematics), 13 of whom interpreted the level of
significance as the probability that the null hypothesis i§ytfue, onceithe decision to
reject it has been made.

Liu and Thompson (2009) remark that the ideas'of probability and unusualness
are central to the logic of hypothesis testing, where/one r€jects a null hypothesis
when a sample from a population is judged to“be sufficiently unusual in light of
the null hypothesis. However, they found that teachers “€enceptions of probability
(or unusualness) were not grounded in a conception of distribution and thus did not
support thinking about distributions of safple statisticsgand the fraction of the time
that a statistic’s value is in a particular range” (p. 16). While a single random
sample is a critical part of statisticaldinferenee, probably more important is an
appreciation of the “could-have-beén™= allithe other random samples that could
have been drawn but were not. “Sampling_ha§ not been characterised in the
literature as a scheme of interrelated ideas enfailing repeated random selection,
variability and distribution”. (Saldafiha & Thompson, 2002, p. 258).

3.5 Understanding Confidence Intervals

Fidler and Cumming (2005) asked a sample of 55 undergraduates and postgraduate
science students to interpset/Statistically non-significant results and gave the results
in two different{ways (first @' p-values and then as confidence intervals or vice
versa). Students were asked to indicate whether the results provided support for the
null hypothesis (considered @ a misconception), provided support against the null
hypothesis or neither. The authors found that students misinterpreted p-values twice
as often as they'misinterpreted confidence intervals. There was also evidence that
students who_were“given the confidence interval results first gave the correct
answer onfthep-value presentation more often than students who were given the
p-value results first. The author concluded there are benefits of teaching inference
viafeonfidenee intervals rather than hypothesis tests.

Cummiinget al. (2004) reported an internet study in which researchers were given
results from an experiment (simulated in an applet) and were asked to show where
they thought the ten means from ten ‘new’ samples could plausibly fall. The results
suggestedithat a majority of the researchers held a misconception that an r%
confidence interval will, on average, capture r% of the means of the ‘new’ samples.
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4 Implications for Teaching and Research

Castro-Sotos (2009) reported slightly lower percentages of students with cértain
misconceptions related to hypothesis testing when compared to similar studies
from earlier years. The author suggests that innovation in statistics education in
the last decade may be resulting in some level of improved umadesstanding of
statistical inference. While this is merely conjecture, it highlights the idea that
students must develop an understanding of many challenging ‘probabilistic and
statistical concepts and the relationships between them beferéymeeting statistical
inference. Given the difficulty learners have integrating the concepts’ involved in
statistical inference, it makes sense that the underpinning ideas need to be
developed over years, not weeks.

4.1 Inference-Friendly Views of a Sample

Statistical inference is applied to a wide vafiety of situations. However, understanding
why it can be validly applied to one situation does not mean learners will understand
why it can (or cannot) be validly appli¢dite another, forlexample, a situation involving
the mean of a finite population compared to asituation involving measurement error
(where a population does not exist, but a“true Value of the measurement does).
Students need to hold multiple views of a sample, appreciating the source(s) of the
variability that give rise to the samplé characteristics, to deeply understand statistical
inference and its many applications. Context is clearly critical in supporting a student
to develop different views of afsampley Konold and Lehrer (2008) discuss three
contexts from which samples are produeed: measurement error, manufacturing
processes and natural variation?

A critical view of a sample is:as the result of a target-error process, which aims to
consistently produce a sinigle walue but fails due to the unavoidable variation in the
process (e.g., the machingyprocessithat aims to cut fruit bars to be exactly 7 cm long).
This can be refefred to as‘thefarget-error-view of sample. Opportunities to develop
this view are rarelyfif €ver, provided at a school level. Natural variation contexts
(e.g., the weight of all female ghiokkas on Rottnest Island) are the most common contexts
students meet at §chool but do not help in developing this critical view of a sample.

Students alsoneed opportunities, over a period of years, to develop a view of a
sample as a single instantiation of the random sampling process from a population
and to devglop“the appreciation that each possible random sample carries with it an
associatedlével of unusualness (the probability of being drawn). This is referred to
asthe*population®view of a sample. While this is the most common view, and current
schoolelirricula attempt to develop this using contexts associated with natural
variation, it 1s possible that the target-error-view of a sample should be developed
prior to the population-sample view. Konold, Harradine, and Kazak (2007) describe
activities“in which middle school students build data factories with the aim of
assisting in the development of the target-error-view. Their approach also develops
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the notion that data result from chance based processes and as such makes explicit the
relationship between data and chance; a relationship critical to understanding
statistical inference and that has been lost (or was never present) in manyJeurrent
school curricula (Konold & Kazak, 2008). Without such views of sample, ithis
difficult to develop a deep understanding of, and validly apply, statistical inference.

4.2 Developing an Understanding of the Population=View
of a Sample

Many interactive applets are now available that provide dynamicyvisual environments
within which students can engage in the constructiomyof sampling distributions.
Chance et al. (2004) reported on a series of studies that investigated the impact that
interacting with such applets had on students’ undetstanding when learning about
sampling distributions. In the first studies, students tendéd o look for rules when
answering test items and did not understand the underlyingrelationships that caused
the visible patterns they noticed as a resultPof using the¥applets. In later studies, the
authors asked the students to make predictions about sampling distributions of
means before using the applets to validate theipredictions. This strategy proved to
be useful in improving the students” reasoning,about sampling distributions.

4.3 Alternative Ways to Infreduce Statistical Inference

Most students’ first introductton to statistical inference is via a first course in
classical statistical inference. In recent yeats the literature has included thinking
about what is termed informal inference. While informal inference, as a concept, is
not yet universally agregdupon, a consistent feature of informal inference is that
suggested activities engage Students in the reasoning process of statistical inference
without relying ©n)probabilitydistributions and formulas.

Some see inforpial inference as the collection of the fundamental ideas that
underpin the undesstanding ©f classical statistical inference. These fundamentals
include discriminating between signal and noise in aggregates, understanding sources
of variability, recognisingsthe effect of sample size and being able to identify tendencies
and sources of bias‘(Rubin, Hammerman, & Konold, 2006). Other views of informal
inference iaclude (Zieffler, Garfield, Delmas, & Reading, 2008): (a) reasoning about
possible characteristics of a population from a sample of data, (b) reasoning about
possible differences between two populations from observed differences between two
samplesg©f data and (c) reasoning about whether or not a particular sample statistic is
likely orunlikely given a particular expectation about the population.

Cobb (2007) proposes teaching the logic of inference with randomisation tests
rather tham using normal distributions as approximate models for sampling
distributions, noting that such an approach is what Ronald Aylmer Fisher advocated,
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but which was not realistic in his day due to the absence of computers. Rossman
(2008) claims that teachers could use randomisation tests to connect the randomness
that students perceive in the process of collecting data to the inference t wn.
He provides examples of how such a randomisation-based approagh m

implemented, while Scheaffer and Tabor (2008) propose such an ap
secondary curriculum and provide relevant examples.

4.4 Teacher Knowledge

Research results summarised in this chapter pri rn students’
misconceptions and difficulties in learning abo

u’ati 1 nce. The little
research available about teachers’ understanding of st | inference (Vallecillos,

addition, teachers who have not studied statistica prior to having to teach
it are likely to have the same difficulties j e concepts as students do. If
this is the case, and the situation is not C unlikely that widespread

4.5 Some Research Priorities

The valid application of statistical 1
range of human endeavours. A

erence is of critical importance in a broad
ich research attention is needed include:

* The creation and critica luation of a
the key ideas that unde i
middle and high sch ea
instruction of statisti erence.

¢ The study oﬂe cu of understanding and professional knowledge,
both at a sch u ty level, of those teachers charged with teaching
statistical inference:

e The critical e
when first ini
given the wid

rriculum that systematically develops
tical rence across a number of years in the
a proper foundation is laid for the formal

tion of the use of alternative methods (e.g., randomisation tests)
ucing statistical inference. Great care should be taken in this area
d long-term use of classical statistical inference.
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Chapter 25
Correlation and Regression in the Trainin

of Teachers
O

Abstract Although the notion of functional (@e ce o variables is
fundamental to school mathematics, teachersgofte rained to analyse
statistical dependencies. Many teachers’ think out bivariate data is shaped
by the deterministic concept of a mathematical atistical data, however,
usually do not perfectly fit a deterministic mode aracterised by variation
around a possible trend. Therefore, oression and correlation
requires, apart from basic knowledge an appreciation of the role of
variation. In this chapter, common s related to the concepts of
correlation and regression are revisi stions on how teachers may

Joachim Engel and Peter Sedlmeier

overcome some of these difficulties are prov

1 Introduction

Since Felix Klein declared i ary 90 t the notion of “functional reasoning”
was one of the overarching ma ical ideas (Inhetveen, 1976), the concept of
function has pervaded t olicurriculum in mathematics. Even though the term

‘function’ is not_explic ced before middle grades of secondary school,
students encoun‘i i e elements from one set are putinto correspondence
with elements from et since grade 1. The concept of association or statistical

dependence ext the on of functional dependence and is fundamental for
many statistical methods. JAlthough a function is defined by uniquely assigning each
element of a do element of the range, the situation is more complicated

C. Batanero, G. Burrill, and C. Reading (eds.), Teaching Statistics in School
Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
DOI 10.1007/978-94-007-1131-0_25, © Springer Science+Business Media B.V. 2011
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when dealing with bivariate statistical data: Often it is difficult to differentiate
between the dependent and independent variable with only an association that does
not allow an attribution of cause and effect in contrast to a deterministigfsituation.

In this chapter, some common misconceptions and errors with,'respect 6
bivariate relationships are first described. Then some mathematical preblems
associated with the understanding of correlation and regression are discussed, and
the problematic issue of variation is treated in more detail by interpteting the
analysis of functional data as search for signals in noisy processes. Finally; research
on pre-service teachers’ learning of association is summarised, and‘its iaplications
for training teachers as well as for future research are discussed.

2 Research on Understanding Correlation and Regression

2.1 Psychological Biases

Psychological research has shown thagmaking judgments about associations, in
both bidirectional (correlations) anduniditectional, (regression) analyses, is not
always easy and that even people with'statistical backgrounds sometimes experience
difficulties in assessing and interpreting associationis (Nisbett & Ross, 1980). This
is due to a variety of factors:

* Influence of previous beliefs: Adults tend to base their judgments on their
previous beliefs about the type of\association that ought to exist between the
variables that are to be studiedgrather than on the empirical contingencies
presented in the datay Agwell known experimental demonstration of this
phenomenon was given by,Chapmangand Chapman (1969), who presented
to participants drawings of‘facésicombined with some psychiatric diagnoses.
Even if objectively thereywas no association between the drawing and the
diagnosis, participants, ‘foticed” some correlation if the drawing fit common
expectations (or prejudices)fabout patients with a given diagnosis. For instance,
a face with huge/eyesywas often paired with the diagnosis “paranoia”.

e [llusory correlation:"Semetimes people perceive a correlation where there is
none if the base rateyis’high. In studies with artificial diseases and potential
symptoms, whese prior expectations did not exist, small correlations between a
disease and,a symptom tended to be seen as substantial if the base rate of the
diseasefwas high (Smedslund, 1963; Vallee-Tourangeau, Hollingsworth, &
Murphy, %998).A related common finding in social psychology research is an
illasory cerrelation between group size (majority and minority groups) and the
socialfadequacy of behaviour (positive and negative behaviour): The majority
sroup 1s judged more positively even when the two groups do not differ in their
behaviour#This effect is also due to differences in base rates, that can also be
“created” by participants’ selective attention (Fiedler, Brinkmann, Betsch, &
Wild, 2000; Fiedler, Walther, Freytag, & Plessner, 2002) and can be well
simulated with models of associative learning (e.g., Sedlmeier, 2006).
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* Misjudgement of strength of covariation: Implicit theories about covariation

seem to have a strong impact on the correlation people perceive, and therefore,
correlation is likely to be overestimated when previous theories about iations
exist. However, a strong correlation between data is necessary
association when previous theories do not exist, and in this ca:
tend to be underestimated (Jennings, Amabile, & Ross, 1982).
of presentation seems to have an impact on the perceived amg
since a graphical format of the data tends to induce judgr
correlation than a tabular format (Lane, Anderson, & .Il s
positively correlated variables are more likely to be p
negatively correlated data (Erlick & Mills, 1967).
Confounding variables: The Simpson’s paﬁ;x
an explanatory third variable or confounder ‘whieh cau
1
owly ugh their academic

association (e.g., Freedman, Pisani, & Purve
programme make more money in their first yea '!ll an those students who

correctly than

en neglecting
reversal of an
example, a German

newspaper reported that students who prog

graduate in shorter time. In the example (s ), the confounding or
e deg as obtained. Although it

diploma in chemistry, within the field, the

lurking variable is the field in whi
usually takes the longest time to ge
ones who finish faster earn more
the whole data, a positive slope i althpugh the slope is negative when
differentiating according to the field of
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* Regression effect regarded as real effect: In any test-retest situation, a variable
that is extreme on its first measurement will tend to be closer to the centre of the
distribution on a later measurement even if there is no effect of inte jion. To
prevent wrong inferences due to the regression fallacy this effect h
into account when designing experiments and interpreting e
A regression effect cannot be avoided unless two variables co

interpret it as a “real” effect of some treatment relate
et al., 1982; Stelzl, 1982).

* Transitivity misconception: Some people believe tha iables X and
Z are positively correlated with a third variable Y, t have positive
correlation (Castro-Sotos, Van Hoof, Van derio ate, nghena, 2009).
Mathematical analysis, however, shows this te be t der very restrictive
conditions. Specifically, denoting the corr spe ly by ro T and r_,
then it holds that r_>0 if and only if r, +r. ’

2.2 Mathematical Difficulties

Although mathematically trained people
derive the formulae for the regression line a
meaning of the formulae and their relationship i
shown in the following common

thematics teachers can usually
r the correlation coefficient, the
not always readily understood, as

* Association instead of depe
causal relationship, the

Ithough statistical variables may be in a
other reasons for their covariation, and
in many situations it is ntify one variable as independent and
the other as dependent (e. dman et al., 1998). Moreover, although in
correlation analysis ationship between the two variables is completely
symmetrical, in regr , theirole of the two variables is not symmetrical. One
variable is t r explanatory, expressing the idea of predicting
Y for a given X, er 1s called criterion or response variable. The formulae
for both regression a elation are very similar, but their meaning and their
use are quite/differenty Correlation is meaningful, if both X and Y are considered
random, whe ession line (as a function fitted to the data) makes sense
in either a_fi random design, that is, regardless if the values of the
are set to a set of fixed values or if predictor and response
random.

does not imply validity of a linear model: Many investigators
ider values of r close to +1 or —1 as proof that the linear model is

alone is an inappropriate mean for evaluating linearity. In Fig. 25.2, four data
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Fig. 25.2 Four data sets fitted t ea del, y=0.5x with r =0.99
sets taken from a f: xample by Anscombe (1973) with small modifications

are presented‘l ou in Fig. 25.2 have identical correlation coefficients
(to a certain de ace) of r=0.99 and regression lines y=0.5x. Whereas
data set (a) re en eal pattern with randomly scattered residuals around
the regressio e, the data in (b) are noise-free but curved. The data in (¢) and
(d) illustrat t of a single outlier. These four examples illustrate
impressive rtance of looking at graphical representations instead of

values of Y.
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2.3 Difficulties with the Functional Understanding
of Associations

Many misconceptions regarding correlation and regression are

bounds of what would be expected in random variation. In pai
school students’ adherence to a mechanistic-determini vie

(see Engel & Sedlmeier, 2005).

The concept of a function is usually acquired in a d
is the single cause of Y and to every value x of ds exactly one
value y of Y. However, when dealing with statistic due to variation, it is
natural to have several y’s observed with the strictly speaking a

t-up where X

framework may add to the difficulty in analy, ate statistical data and
learning about correlation and regression. ¢ Batanero (1996) studied
zlations between numerical
variables and identified the following/mi ions, of statistical association:

e Deterministic conception of’ a jion: Some students expected a
correspondence that assigned only a sin e to the dependent variable for
each value of the independent variable. When/this was not so, they assumed there
was no dependency between thefvariables. That is, the correspondence between
the variables had to be, from the mathematical point of view, a function.

* Unidirectional conception iation: Some students perceived the
association only when, the sign was\ positive and considered an inverse
association as independ

* Local conception of associ tudents used only part of the data in their

judgment and gener: eir conclusion to the whole dataset.
* Causal conception sociation: Some students recognised an association
between variables,onl believed there was a causal explanation between

them.

Estepa and S z Cobo (2001) identified another deterministic conception of
functional dependence inappropriate for statistical data. They tested undergraduate
university studen n introductory statistics course. Most of the students in

that if a functional relationship between X and Y exists, the
nt must be *1, whereas they considered a deterministic
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2.4 A Framework for a Better Understanding of Statistical
Associations

generally through a parameterised function f. This tren
part of variation whereas the difference between the regressi rve and the data
represent the unexplained variation. On a conceptual le er ip between
a functional dependency and a bivariate statistical relati ip can,be expressed by
the signal-noise metaphor. According to Konold 2) data analysis
can be seen as the search for signals in noisy processe its generic form, data are

This metaphor helps to deal with an overwhelmin of relevant and irrelevant
information contained in the observed data. Fig
expressing the signal-noise idea.

In the context of modelling scatter
idea translates to the formula y, = f
structure to be recovered, while the :
as a signal f evaluated at x, perturbate

-.(x,,y,), the signal-noise
, where the function f'is the
mness. The y’s are perceived
se e. Whereas approximation

metaphor is very useful to bridge“the gap between a deterministic view of a
function and a statistical perspective\that appreciates variation. The signal or

the unexplained part of
unexplained part of the va
a single x.

ariation. In‘the scatter plot of the data it is the
is reason for several y’s associated with

Signal Noise
Structure Randomness
Model Fit i Residual
Explained Unexplained Variation
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3 Training Teachers with Respect to Correlation
and Regression

There is scarce research on teacher understanding of correlation of regression. This
section summarises two specific studies carried out with pre-service teachersythat
might be used as a starting point for teacher training.

3.1 Enhancing Understanding of Association
in a Computer-Based Teaching Environiment

Batanero, Estepa, and Godino (1997) investigated pre-service teachers’
understanding of association before and after they attendedia,first year course in
exploratory data analysis extending over 21 ¢lassisessions. During seven of these
meetings the experimental group of 19 students was instruéted in a computer-based
teaching environment where they analysed different realjdatasets provided by the
teacher or collected by themselves with™the support of interactive computer
software. The datasets were carefully ghosen to cover a wide range of the students’
interests and were sufficiently rich/to emsure“that questions of didactic interest
would arise. Progress in acquiring’ concepts ‘was assessed through a pre-test and
post-test. In addition, the tests were also givento a control group of 213 students to
compare how typical the experimental students’ responses were. In addition, to
obtain more in-depth insights into Students’ thinking processes, the interactions of
two students with the computergweré\recorded and analysed together with their
written responses and discussions during the problem solving process. Batanero
et al. (1997) concluded in'their study that most students overcame a deterministic
conception of association, aceepting randdém dependence. The local conception of
association was also eradicated asithe students noticed the importance of taking into
account the complete dataset to,evaluate association. Most students used all the
different conditional distsibutions in the contingency tables, and gave up the
additive procedure; using multiplicative comparison of the different frequencies in
the table instead. Thewnidirectional conception of association was corrected only
by some studentsfwhile“others continued considering the inverse association
independence. Finally, there was no improvement at all concerning the causal
conception of asso€iation. Most students did not realise that a strong association
between twogvariables is not enough to draw conclusions about cause and effect.

32 Learning to Model Scatter Plot Data

Engel, Sedlmeier, and Worn (2008) investigated whether 78 pre-service teachers’
appreciation of random variation can be enhanced in a course on functional
relationships with an emphasis on modelling. The goal of the study was to find out
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how an emphasis on the signal-noise concept helps students to overcome their
deterministic view of functional relationships and allow them a broader statistical
perspective on analysing bivariate numerical data. The study was devised, as a
treatment-control group study with second year university students preparingto bé
secondary teachers. Participants attended two different courseS“in%applied
mathematics. While the control group attended a class with a more traditional
syllabus (e.g., elementary functions, linear optimisation, no analysisiofteal data,
no residual analysis or considerations of variation in data), théycourse for the
treatment group followed strictly a pathway of technology=supported miodelling of
functional relationships of real data (Engel, 2009). Students"weréjinstructed about
standard functions (e.g. polynomial, exponential, trigoniemetric and logistic) and
learned through projects how to fit them to real data“setsyin)a computerised
learning environment based on the software Fathom. At“first they selected
appropriate parameters by adjusting a slider, later they‘minimised a least-squares
criterion in case of a linear structure. In case 6fmolinear seatter plots data had to
be linearised through a suitable transformationgThroughout the course students
were challenged to discuss deviations between modelland data and to analyse
residual plots, paying increasing attentigfinto the‘conéept ‘“‘Data=Signal + Noise”.
Although statistical concepts were nof explicitly staught in the course, statistical
thinking skills and in particular the handling. of |variation in scatter plot data
improved greatly, as shown in a pré-test—post-test fomparison. Unlike in the pre-
test and different from the control group very few students of the treatment group
interpolated the data — in the given context an indication of a deterministic mindset
— when being asked to sketch a free-hand curve over a scatter plot. Also the
treatment group improved significantly in change-point detection tasks, requiring
a judgement on whether a systefphashor has not changed over time (for more
details, see Engel et al., 2Q08)»

4 Implications foryIeacher Training and Research

Research summarisedin this chapter suggests that reasoning about correlation
and regression isfnot always easy for laypeople, and even researchers sometimes
struggle with a\correct junderstanding. Fallacies and misunderstandings occur
even in seemingly Simple situations and are challenging. Teachers have to be
aware thatefhéypcannot solve the problem of teaching by providing mere
definitions\and cemputational procedures. Students (and maybe also sometimes
teaghers) needyto be confronted with their potential misconceptions, and they
néed to_understand that correlation and regression are not only found in
Ftextbook problems” but play an important part in daily life. Therefore, there is
a“meed to include activities that help students more deeply reflect on and
accommpodate their views. Below, we recommend four approaches that should
be helpful*in fostering students’ understanding of correlation and regression



J. Engel and P. Sedlmeier

(see also chapters by Pratt, Davies, & Connor, and by Ridgway, Nicholson, &
McCusker, in this book):

1. Make use of fallacies and misunderstandings. Students’ conceptions change if
their conceptions conflict with situations they do not understand, or with
previously held concepts. Fallacies and misunderstandings in statistical reasoeming
are a challenge for students because of the outcomes are often stirptising. In the
context of correlation, the regression effect and Simpson's, paradox are of
particular interest. Levin (1993), for instance, providesginstructiveyactivities for
students to explore and experience the regression effectd Effective instruction
may include simulating situations as well as analysing “tealpstories from
newspapers or research reports where people unawarejof these)fallacies drew
wrongful conclusions.

2. Make use of real data. Genuine data are an authentie, source of information.
Bearing witness of real situations, real datalgive legitimacy and meaning to
dealing with statistics. To find out how two or morelquantities co-vary with each
other is an important question for human inquiry. Analysing real data sets that
are of genuine interest to teachers and their(stidents) has a great potential to
motivate and encourage project workiand scientificinvestigations.

3. Make use of experience in modellifng. Medels, by their nature, are not the real
thing but an oversimplification of/the complexity and disorder that reality throws
at us. In modelling functional relationships'we fit a curve to scatter plot data. In
regression we do alike, but we model at the'same time the structure as well as the
residuals - the latter as a random process. Since this task is more challenging
than curve fitting without stochdstic modelling, the most introductory textbooks
in statistics restrict regressiod, to the case of linear data. While nonlinear and
nonparametric regression aré'much:more demanding when working out the exact
mathematics behind theimeéthods, a conceptual approach to nonlinear regression
and basic ideas of smoothingiepens up.many realistic problems because in the
world many things are nen-linear. Furthermore, within school mathematics, such
an approach connects regression with elementary functions such as inverse,
quadratic, polynomial, €xponential and so on.

4. Make use of techiiology. Plotting bivariate data, selecting appropriate functional
models, fitting curves, ‘and drawing and analysing residual plots are important
activities thagfhelp students and teachers alike to connect their mathematical
knowledge fbout functions with their growing statistical competencies.
Technology allowsithe retrieval and use of real data on almost any subject of
interest. e possibilities for multiple linked representations in dynamic interactive
software, such“as\ Fathom offer a major potential to hands-on activities and to
constructivist, learning. For instance, residual plots can be drawn by one mouse
click and allow the user to investigate the deviation between model and data. In
traditional teaching, the calculation of the regression line and the correlation
coefficient, by hand or with a calculator, is usually the focus of the work. Due to
time.needed for training students in computational methods, only a few examples
are solved, but for effective and conceptual learning such an approach may be
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counterproductive. Quantitative complexity is inherent in statistics, and there are
many statistical concepts and methods for analysing the relationship between two

because of the availability of computers, activities should be desi
the student to encounter a variety of different situations, thus
development of conceptual learning (Batanero et al., 1997).

Because of the scarce empirical research on learning abo
correlation, many of the following recommendation
experience but lack a foundation in empirical research.
community of researchers focusing on mathematical
classroom studies that evaluate the impact of the recom ven above on
students’ understanding of correlation and regress. are a nexistent.

How can fallacies and misunderstandings and re be used to their best?
Ibraith, Henn, and
Niss (2002), in the context of modelling with fun telatelto statistical literacy?
How is content knowledge about functions re stering tasks involving
regression and correlation? Under which, circu n the use of computer
on? Does the inclusion of
nonlinear relationships impede or help_lear reciate linear regression and
correlation? It is highly desirable to irically supported evidence to answer
these questions in order to enable ics teachers to design learning
experiences that will develop a sound unders ng of correlation and regression
as part of everybody’s knowledge.
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Teacher Knowledge of and for Statistical

Investigations
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Abstract Increasingly, statistics investigations a

in the classroom for teaching statistics
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1 Introduction
The current strong advoca teachinggschool statistics through investigations

stems from Tukey’s pioneerin of exploratory data analysis (EDA) back in
the 1970s. Worldwide, school curricula have moved from a more skills
based curriculum to on recommends students working with real (or at least,

realistic) data f(‘ Ip ever, it is recognised that this is not necessarily
easy for teachers, an approach requires much more from the teachers in
various ways.

In this chapter, the t

teaching of stati
that breaks de

er knowledge needed to successfully implement the
gh investigations is discussed. A framework is presented
knowledge into components and links each of these with
thinking. Implications for teacher education are suggested, and
en for ways of addressing these.
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2 Using Investigations to Teach Statistics

In the 1970s, Tukey’s foundational ideas of exploratory data analysis itiated a
move away from formal methods for statistics education towards a more,real-data
based approach. Such an approach to the teaching and learning of statistics iSyseen
as an important and necessary precursor to the more formal statistical,ideas and
approaches at the more advanced levels (for a more in-depth discussion‘of teaching
through investigations, see MacGillivray & Pereira-Mendoza, in‘thisybook). Cobb
and Moore (1997) suggested that such a role for EDA"is/Significant, in that it
encourages an examination of data, thereby revealing insights from the' meaningful
patterns (and not just patterns per se) that are found in the data. These insights can
provide important clues for subsequent analysis ofgthie data, sincgwithout exploring
the data prior to more formal analysis, a person /cam, easily miss significant
information that could help inform whiché amalyticall ptetedures might be
appropriate for the data. In this sense, Cobb and Moore,(1997, p. 48) warned that:

Most real data contain surprises, some of which can ivalidate or force modification of the
inference that was planned. This is one reasen why running data through a sophisticated
(and therefore automated) inference procedare before exploring them carefully is the mark
of a statistical novice.

Another justification for adopting an EDA approach stems from the differences
between mathematics and statistics (an extensiveidiscussion is presented in Gattuso
& Ottaviani, in this book). One essential difference between mathematics and
statistics comes back to numbers and how they are “viewed”. In mathematics, the
general development through the school levels is towards an abstract, analytical,
and deductive approach. Accordinggte.Cobb and Moore (1997), the “numbers” are
important with respect to congepts and relationships between them, which tend to
be the focus, and giving toQ much attention to real-world contexts can obscure the
mathematical patterns and structure. Cobb and Moore also suggest that, in
comparison, statistics needSpthe context from which the numbers (or data) were
derived as an essential part/of “telling the story” of the data or of “getting inside
the data”. The gomntext provides'the meaning through which the data patterns can
be examined and maybe,explained.

2.1 Statistical Thinking and Its Components

Throughout'the world, many school mathematics curricula now include statistics
and“advocatelorifequire that students be involved in investigations. The New
Zealand@urficulum (Ministry of Education, 2007) additionally requires students to
beéréngaged in thinking mathematically and statistically, at all levels from junior
primary throygh to senior secondary.

Wild and Pfannkuch’s (1999) description of statistical thinking covers some of
the “big” ideas of statistics, and provides a useful way of examining and therefore
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encouraging students’ use of statistical thinking. The components of statistical
thinking in Wild and Pfannkuch’s model include: (a) recognising the need for data,
rather than relying on anecdotal evidence, and realising that the mor€ data the
better the conclusions that can be drawn; (b) acknowledging and understanding
variation in data; (c) being able to transnumerate the data in various"waysyto help
with making more sense of the data; (d) using “models” for reasoning further about
the problem; and (e) considering the context of the problem and’how: this context
links with statistical knowledge. Approaching a problem using only, mathematical
thinking and not statistical thinking avoids the “messiness” ofidata” and the
associated subjectivity. However, as Groth (2006) suggests, Students must be
exposed to the messiness of real data as this encourage§ them 0 grapple with
statistical claims in everyday life and the media, and to develop,the)thinking needed
for evaluating such claims.

2.2 The Investigative Process

Getting students involved in EDA isjtherefore seen as a way of helping them
develop statistical literacy, statistical feasoningpand statistical thinking (Garfield &
Ben-Zvi, 2008). According to these/authors, such an approach to statistics fits with
the investigative process of: (a) specifying a‘problem, planning, posing a question
or formulating a hypothesis; (b) collecting and producing data from a variety of
sources (survey, experiments); (c) pfocessing, analysing, and representing the data;
and (d) interpreting the results, discussing, and communicating conclusions.
Thinking in relation to this investigativesprocess or cycle along with the interrogative
cycle (in which the statistician is in constant “dialogue” with the data and the
problem), and having a questioning, skeptieal, and open disposition while problem
solving are considered by Pfannkuchyand Wild (2004) as other important dimensions
of their statistical thinkip@framework.

Engaging students in|statistical investigations therefore opens the opportunity to
develop student§” thinking and problem solving in statistics. Students must have
firsthand experiencé with_investigations (Moore, 1998) so that their statistical
reasoning will begencouraged. Statistical investigations in the classroom can be
approached from two different starting points. One starting point is giving data to the
students. With these,data; the teacher and/or the students can either pose a question
to be answered,or problem to be solved, or the students can be given the freedom to
conduct a more:@pen investigation, posing questions to be answered once they have
some sense ‘of what the data contains and therefore what that data might feasibly
reyeal~This approach enables the students (particularly those with less experience of
Statisticalt investigations) to focus on the analysis and conclusion phases of the
ivestigative process, and to avoid some of the logistical complexity around the data
collection phase. Once the students have some experience with this type of “reduced”
investigation, another approach can be used. The second way is to start the
investigative cycle with a problem, question, or hypothesis, and from there move to
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the collection of data, followed by the subsequent phases involving analysis,
interpretation and conclusions. Irrespective of which approach is taken, and in spite
of the pervasive and compelling arguments for teaching with investigatio e are
challenges for the teacher that an investigative approach presents.

All teaching requires teachers to have knowledge, of both th to be covered,
and of effective ways to teach it. The work of Shulman % researchers
ffec

with a language and categorisation for teacher 3 at)enabled further
investigation into the types of knowledge neede aching and the
links with classroom practice and student outcome atistics has generally
been a more recent addition to the primary ] ics curriculum, the
knowledge required to teach this topic has howeve me under the researchers’
“spotlights” in more recent years. In this sectio y is given of research
looking at teachers’ knowledge of statisti 3 ile in Sect. 4, a model for
the professional knowledge teachers need to teach statistics investigations is presented.

3 Teacher Knowledge of Statistics Investigations

3.1 Teacher Statistical and Pedagogical Content Knowledge

To teach statistics effectively, teacher
fact led to some research that h,
content areas, such as th
(e.g., Gonzalez & Pinto, 20

equire good knowledge of statistics, and this
at teacher knowledge in specific statistics
dian (e.g., Jacobbe, 2008) or graphing
25 that describe teacher knowledge in
relation to specific statistical t 1on, Greer (2000) suggests that because
of the changing emphasi the development of statistical skills (or literacy)
towards statistical reaso nd thinking, teachers will be required to develop ways
of encouraging .at T C understanding of statistics in their students. For
example, when stu, e confronted with data that exhibit variation, they are
more likely to noti s or patterns in the data than the variation (Ben-Zvi,
ividualyfeatures in the data over and above the global features
(e.g., Konold &'Higgi 003). Teachers need knowledge of such challenges that
i g a good conceptual understanding in statistics, as well as
o develop students’ conceptual understanding.

r Knowledge of Statistical Investigations

In addi to the understanding of various statistical concepts, teachers need
experience and understanding of the investigative process itself. A summary is
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given below of work by a number of researchers, all of whom examined teachers’
competence in dealing with statistics investigations.

Burgess (2002) engaged 30 primary school pre-service teachers in an gpen=ended
investigation using multivariate data that required a written report with,evidenceito
support the findings. The author found that pre-service teachers who/examined the
dataset in relation to more than one variable were more likely to “imclude
generalisations in their report than those who focused on only onefvariableat a time.
The latter group also tended to include more descriptive statements,about the data
rather than generalisations.

Heaton and Mickelson (2002) found, similar to Bungess,hthat pre-service
teachers tended to lose sight of the goal of their investigations and‘instead focused
on the production of a graph. The 44 pre-service fteachers had insufficient
understanding and knowledge of the process “of statistical investigations to
properly complete their investigations. Heatonpand Mickelson, claimed that their
teaching effectiveness was affected, as in a“subSequent teaching episode, the
student teachers tended to teach only what they themselves/knew. The researchers
advocated that teachers must have multiple \@pportunities to be involved in
statistics investigations as well as to devglop understaniding of children’s statistical
thinking and understanding.

In a study involving the professionalidevelopmentiof 29 middle school teachers,
Lee and Mojica (2008) engaged nine teachers, in a/probability-based investigation
within their own classrooms. Lee and Mojica suggest that although some teachers
instructed the students to use bar graphs, the graphing became the focus rather than
the graphs being used as tools to notice features of the distribution of the empirical
data. The authors found that the téachers missed significant opportunities for
deepening their students’ statisticalifeasoning in probability, particularly in relation
to the latter parts of the inyestigative cycle, namely the analysing and interpreting
phases. For instance, although the effeet) of sample size on components of
distribution could have been a“major learning focus for the students, the teachers
did not steer the lessongowards useful ways of representing the data in order to
notice the features of disttibutiontand to compare empirical results with theoretical
probabilities. THe use of ‘proportions and fractions in simplest form obscured the
effect of sample size omithe relative frequencies and the approximation of these to
theoretical probabilities.“Many teachers interpreted the variation in results as an
indication that theoretical probabilities were more “reliable” than empirical results,
and not as an effeet of sample sizes. The teachers missed the chance to develop
students’ understanding of the frequentist approach to probability because of their
own limited knowledge.

Groth (2006) describes other challenges for teaching through investigations:
figst, managingclassroom discourse, and second, assessing students’ understanding
while_stidents are engaged in investigations. However, rather than using these
challenges as an excuse not to teach in this way, Groth encourages teachers to
face them and get the rewards from such teaching. In the next section, the ways
in which*these types of challenges for a teacher link with teacher knowledge are
described.
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4 Teacher Knowledge to Teach Statistical Investigations

There are different types of knowledge that teachers need to teac

research on the practice of the classroom.

To make a more direct link with what happens in the &
developed a framework for a classroom-based investigati
needed and/or actually used for teaching through sta
framework (see Fig. 26.1) was based on two
knowledge work of Ball and colleagues (Ball, elps, 2005; Hill,
i iated the following
pecialised knowledge of

% )f content and teaching;
ankuch (1999). The framework

e four fundamental thinking types of
nd integration of statistical and

content, knowledge of content and students, and k
and (b) the statistical thinking model of Wild and

categories in the Ball et al. model a
thinking from Wild and Pfannkuch
transnumeration, variation, reasoning wi

Statistical knowledge for teaching
t knowledge

Pedagogical content

knowledge
Specialized | Knowledge | Knowledge
knowledge | of content | of content
of content and and
(SKC) students teaching
(KCS) (KCT)

Fig. 26.1 Framework for teacher knowledge to teach statistics through investigations
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contextual knowledge, along with general thinking linked to the investigative cycle
and the interrogative cycle). The aim was to describe what knowledge was needed
in the classroom, and whether there were aspects of knowledge on the framework
that were unnecessary for the teacher’s work in the classroom.

In later work Burgess (2007) used this model to analyse the knowledgeyof four
teachers while actively teaching statistics investigations. The analysis of ‘teacher
knowledge obtained by this framework revealed descriptions of/different, types of
knowledge that were either needed and used, or needed but\net used, during
teaching in four upper primary level classrooms (Years ,S5—8)-Anwextensive
description of the teacher knowledge in relation to each cell/of theyframework, and
specific examples from the classroom episodes have beemgiven in‘Burgess (2009).
The next section has an analysis of some examples that illustrate the types of
knowledge needed, based on two cells of the framewozk.,

4.1 Use of Different Types of Knowledge to"Eoster
Students’ Learning

Specialised knowledge of content is thetype ofknowledge of statistics that a teacher
needs over and above what an educated persommightknow (which would correspond
to common knowledge of content). Then, specialised knowledge of the content:
variation would link to a teacher having to judge, from a statistical point of view,
whether a student’s response in relafion to variation in data was reasonable.

An example of this type of knowledge appeared in Burgess’s (2007) research,
where one class had been given datarabout the TV programme preferences for boys
(based on two possible choices) which showed only a small proportion of boys
choosing one of the options! The teacher asked the children if they thought that many
boys in the school would choosethagprogramme and one student responded: “Don’t
know; she hasn’t asked ajf'theJclasses yet”. The teacher had to evaluate whether this
response was statistically, appropriate in relation to the student’s knowledge of
variation. The téacher’s subséquent explanation indicated that she had considered
the important factors from a statistical point of view and that the student’s
explanation was statistically/naive and in need of further development. This was
therefore evidenCe of thegteacher specialised knowledge of the content: variation.

Another typeofiteacher knowledge is knowledge of content and students, which
includes knowledge“of typical challenges for students and their common
misconcepfions. Again in Burgess’s (2007) research, when considering potential
issues priorito moving into data collection, one teacher anticipated that students
may face a challénge when answering the data collection question of what position
they wef@ imy the family: youngest, middle, or eldest. The teacher pre-empted
questions such as how a person in a family of four or more children, or someone
who was a twin, may answer the question. This was an example of knowledge of
content (imtegration of contextual and statistical knowledge) and students. The
teacher had thought about the statistical implications in relation to the data and in
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relation to various family types that the children may come from. Consequently,
based on this knowledge, the teacher had considered how to deal with this in the
classroom (by engaging the students in a class discussion around the iS§sues, with
various family types and the link with the statistical data collection question). ThiS
showed that he had knowledge of content (integration of contextual and statistical
knowledge) and teaching.

4.2 Using Professional Knowledge to Provide
Learning Opportunities

Burgess (2007) found that across the group of fourteachers in this'study, all aspects
of knowledge included in the model described,in Fig. . 26ul were needed in the
classroom. Burgess (2008) compared the teacherknowledge profile of two teachers
taking part in the above study, and found significant differences in spite of both
teachers basing their lessons on the same unit plan, andthaving the same amount
of teaching experience (both in their séeond year offteaching). One teacher’s
knowledge profile was reasonably compfehensive across all “cells” of the framework,
while the other teacher’s profile revedled some interesting patterns in “missing”
aspects of knowledge. Situations were 1dentified fog'this teacher for which teaching
and learning opportunities were missed.

Some of these missed opportunities were around transnumerating the data in
order to make more sense of the data or to reveal the information within the data.
Other missed opportunities were,linked to the teacher’s knowledge of content and
students, and knowledge of contenitianditeaching (which includes knowing how to
sequence the learning and finding good\representations or models to use for
particular concepts).

For example, a missed opportuhity in relation to specialised knowledge of the
content: transnumeratiog®happened when the teacher missed opportunities to assist
the students with how t@ysort the, data or how to represent it in another way. The
teacher did not @sk for clarifi€ation from a student who suggested that they could
“add them together and de,averages” in relation to a question they were investigating
where an averageawouldhave been meaningless. A missed opportunity linked to
specialised knowledge of the content: reasoning with models was identified in
another situation, when the students suggested how they could sort their data cards.
The teacher did not'recognise or follow up with the students that such a sorting
would notfassist with answering their investigative question. One more example
was when tthe teacher recognised the inappropriateness of some students’
comparison of two'unequal groups by finding the sums of heights and their invalid
conclusion. Fhe teacher was unable to address that with the students and did not
follow this up. This indicated a problem with his knowledge of the content
(transnumergtion) and teaching as well as knowledge of the content (reasoning
with models) and teaching.

In comparison with the missed opportunities from that teacher, the second
teacher had more comprehensive teacher knowledge. As an example, the teacher
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predicted that the students might have trouble with sorting their data cards
appropriately (unlike the first teacher), so she had considered a way to support the
students with their sorting. This showed that first, the teacher had knowlédgeyof the
content (transnumeration) and students, and second, because of havinganticipated
their problems and considered how to handle this, she had knowledge oficontent
(transnumeration) and teaching.

The examples outlined above give some indication of the rafige“of challenges
that teachers face in using investigations in the classroom, in relatien to categories
of teacher knowledge. It was clear from Burgess’s (2008), study. that teachers
needed knowledge across all categories and in relation 4o allpycomponents of
statistical thinking. The missed opportunities in the classtoom could be linked to
particular cells of the framework. This gave some insightinto'why,)for example, the
younger students, who had the teacher with the"mere comprehensive teacher
knowledge, progressed further with their investigations, and made more sophisticated
and appropriate statements based on the data.than the older‘students, who had the
teacher with significant knowledge gaps.

Analysis of the missed opportunities also revealed one‘interesting theme linked
to teacher “listening” and responding to Stadents. Partioef the core work of teachers
involves responding to students’ questions, and evaluating students’ responses to
questions or tasks. Without appropriate, teacher kmowledge, such work can be
compromised. For example, when 4 studentis making a statement about what the
data shows, unless a teacher is able to reasom with a statistical model that teacher
may not be able to evaluate whether the student)s statement is valid for the data, or
knowing that the statement is not valid, the teacher may not know how to deal with
that in the classroom.

The example given earlier of/thénteacher not knowing how to respond when the
students used sums of heightsgo compare unequal groups indicated a problem with
knowledge of the content: reasoning with medels and teaching. In contrast, when the
second teacher struggled to make sénse of what a student was saying about the data
and therefore whether ghe Statement was valid, she developed an alternative
representation of the data, from which she was then able to evaluate the student’s
statement. This ifidicated speci@lised knowledge of the content: reasoning with models
(to evaluate the somewhat incomplete statistical statement from the student) and
knowledge of the coutent=geasoning with models and teaching (when she illustrated
on the board how to use the representation to check the statement’s validity). These
examples illustratéphowddifferent teacher knowledge components can impact the
teacher’s ability, to respond to students and to evaluate their statistical claims.

5§ Implications for Teacher Education

Adoption of gnvestigations for teaching statistics based on widespread advocacy
for such"aiteaching approach is, on its own, unlikely to be effective. As has been
discussed, the success of this approach is dependent on comprehensive teacher
knowledge across four different categories of knowledge and across the components
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of statistical thinking. In this section, recommendations are given for educating
teachers to teach statistics investigations, which complement other recommendations
in the chapter by Makar and Fielding-Wells in this book. Teacher educatof§, Whether
working with pre-service students or with practising teachers throughgprofessional
development, need to consider how comprehensive teacher knowledgenean 'be
developed. Some of the examples given above show that different aspects of‘teacher
knowledge are closely linked, and do not act in isolation from one dnother.

Engaging teachers in their own investigations, with _explicitjattention to the
phases of the investigative cycle, and with appropriate support,<is 6nc way in
helping them develop their common knowledge of content. This approach has been
recommended or used by various researchers (e.g., Heaton & Mickelson, 2002).
The other three components of teacher knowledge are linked specifically to students
and the classroom and are not likely to be found'in gpeople outside of teaching.
Therefore they need to be addressed in other ways as theypwill not develop from
teachers undertaking their own investigations.

To develop the two components of teachep”knowledge that are intimately
connected with engaging with students’ responses,mamely specialised knowledge of
content and knowledge of content and students, teachersyare required to observe and
interact with students, through watching and listening, as the students engage in
investigations. Although there is a/gtewingmseseareh literature about students’
statistical conceptions from which teachers ean,learn/about students’ development of
statistical ideas and common misconceptions, "observing real students in real
classroom settings is an important source of learning, as this is where teachers are
required to use their knowledge (seglthe chapter by Ponte in this book). It is known
that situations can arise in classropom$,where teachers do not use their knowledge.
The reality of a teacher’s decision' makingiand responding to students in the classroom
is affected by a large numbegof factors,‘including the need to respond within a
“conversationally appropriate”yperiod of time (O’Connor, 2001). This may explain
some situations where teachers'do notuse their knowledge. Even so, having teachers
interact in real-time in the*classroom will help develop some aspects of knowledge.

For pre-service teachets, @ classroom video will provide them with the opportunity
to explore the knowledge thatiSeeded within classroom interactions. The knowledge
of content and teachingieategory has close connections with and is activated by at
least one other category,.such as knowledge of content and students. Research
literature also has a‘role in helping the development of both types of knowledge.

The discussiompabove argues that focusing on only one aspect of knowledge
would be impractical.”The four knowledge categories are closely linked and
distinguishing ‘between them at times is difficult. So for teachers to develop the
knowledge niecessaty for teaching through investigations, opportunities are needed
todink-the variousitypes of knowledge through engaging teachers in investigations,
both forfthémselves and with students, either in real time in the classroom, or
through “‘the use of a classroom video. A teacher’s broad base of connected
knowledge categories in relation to the statistical thinking components will enable
the teacherto provide the best opportunities for students’ learning through statistical
investigations.
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students’ learning and that are required in organising the teachers’ training designs
and in assessing their efficacy. Although there is a general consensus that mathematics
teachers should master the disciplinary content, there is no similar agreementabout
how such mastery should be achieved and how the discipline should be'conceived.
It is, however, recognised that mathematical or statistical knowledge alone'dees not
assure professional competence and that other capabilities are required, ineluding
knowledge about how students learn, their conceptions, types of thinking, strategies,
difficulties, and potential errors. Teachers should also be abledo organise the
teaching, design learning tasks, use adequate resources, and understandithe factors
that condition the teaching and learning processes (Ponte, 2008).

In this chapter, the notion of pedagogical contentpknowledge proposed by
Shulman (1987), which has been extensively applied in theteachingof mathematics,
and other models created for mathematics education, ace briefly described. Then,
attention is focussed on the models for statistical pedagogicaliknowledge presented at
the Joint ICMI Study Conference. In Sect. 4"amodel forteachers’ pedagogical
knowledge, which is based on a previous theoretical framework developed for
mathematics cognition and instruction (Godinoy, Batanero, & Font, 2007), is
presented. This model extends the compOnents identified in the models described
in Sects. 2 and 3 and can be adapted to the specific character of statistical knowledge
(from both the epistemological and didactic points ofrview).

An implication of the analysis/is“the meed to/develop and assess teachers’
competencies to carry out didactical analysis‘of their own practice, which takes into
account the different components of pedagogical knowledge. A possible formative
cycle that serves these purposes is Briefly described in the final section.

2 Models for Mathematical Pedagogical Knowledge

A reason for the lack of impact.ofizesearch into practice is that teachers, who are
the main agents of changefar@only viewed as simple components of the educational
system, who automatically Apply\the information they receive. The complexity of
teaching and the high level offinitiative and autonomy required by the teachers are
highlighted in the researeh on “teacher thinking” (beliefs, conceptions, and attitudes)
and on teacher professional khowledge and competencies. An increasing number of
authors interested in'this theme point to the insufficiency of mathematical knowledge
alone to achieve frtily.effective teaching outcomes (Shulman, 1987; Hill & Ball, 2004).
Consequently, this‘research is producing models of teacher knowledge, in order to
design educatienalyplans and elaborate tools for assessing the efficacy of such
actions. Inthis section, we present a synthesis of some models that were specifically
developed formathematics education.

Shulmian%¢1987) identified seven categories of knowledge that underpin expert
teaching: (a) ‘content knowledge or knowledge about the discipline; (b) general
pedagogical kniowledge; (c) curriculum knowledge; (d) pedagogical content knowledge,
or pedagogical knowledge specific for the discipline (PCK); (e) knowledge of learners
and their characteristics; (f) knowledge of education contexts; and (g) knowledge of
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educational ends, purposes, and values. Ponte and Chapman (2006) emphasised
PCK as an important component in the education of teachers. The categories of
knowledge described by Shulman have played an important role in developing
research programmes and curricular materials and are still valid, although the‘initial
interpretations and the names given to them have changed over time/Faor éxample,
Ball and her colleagues (Ball, Lubienski, & Mewborn, 2001; Hill, Ball, & Schilling,
2008) developed the notion of mathematical knowledge for teaching (MKT) in
which they distinguished six main categories.

1. Common content knowledge (CCK): the mathematical knowledge teachers are
responsible for developing in students.

2. Specialised content knowledge (SCK): the mathematicabknowledge that is used
in teaching, but not directly taught to studentsfifor exampléjpknowledge about
why the algorithms for the arithmetic operations works

3. Knowledge at the mathematical horizon:{understandingythe broader set of
mathematical ideas to which a particulartidea, connects, for example,
understanding some epistemological obstacles “telated to the historical
development of probability.

4. Knowledge of content and students/(KCS): the“amalgamated knowledge that
teachers possess about how student§ leafn,contefit.

5. Knowledge of content and tgaching/(KCT): the design of instruction,
including how to choose examples and Fepresentations, and how to guide
student discussions towards accurate mathematical ideas.

6. Knowledge of curriculum: ways to sequence’and structure the development of a
mathematical topic.

In fact components 4-6 are a4 déeomposition of Shulman’s PCK and comprise
the competencies that are\deeply embedded in the work of teaching knowing. For
example, knowledge of what makes a topic) difficult for students, ways in which
learners tend to develop understanding of a particular idea, ways to sequence and
structure the developmeptof @ mathematical topic, including representations likely
to help students learn (Hill ¢t al.,/2008). As stated by Graeber and Tirosh (2008, p.
124), “the fact that many-reséarchers do not offer a definition of PCK but rather
attempt to charactgriseit with lists or examples is another indication that the
concept is still somewhatll defined”.

In addition tofMKT, seyeral researchers are proposing other tools to conceptualise
the knowledge needed in teaching mathematics. Schoenfeld and Kilpatrick (2008,
p. 322) offer.a prowvisional framework for proficiency in teaching mathematics
consisting ot the following set of dimensions: (a) Knowing school mathematics in
depth and| bseadthy (b) knowing students as thinkers; (c) knowing students as
learners; (d)crafting and managing learning environments; (e) developing
¢classroem florms and supporting classroom discourse as part of “teaching for
understanding”; (f) building relationships that support learning; and (g) reflecting
on their owngpractice.

A number of questions still need to be explored in research in teacher education,
including the role of beliefs and values in the development of PCK, whether
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different teaching/learning paradigms require different components of PCK, what
are adequate methods for assessing PCK; and what are more global theoretical
models for describing the teachers’ knowledge, beliefs, and affects§ sueh as,
teachers’ orientation, perspective, and identity (Philipp, 2007).

3 Models for Statistical Pedagogical Knowledge

Two key elements in the didactical analysis of teaching and/learning processes are
the epistemic (mathematical content) and cognitive (studeént§’ learning) components.
In anthropological and semiotic perspectives, mathematicSpis tonsidered as a
human activity arising from people’s practicesiwhen working with specific
problem-solving situations. This point of view also takesiantoyaccount the specificity
of statistics (see Ottaviani & Gattuso, in this"book), sincc the epistemic facet is
specific for each particular content, and therefore, fos the case of statistics.
Moreover, there are specific statistics problems, wepresentations, and procedures
that are different from those found in geometry, physicsgor algebra. Basic statistical
problems are related to inference and décision-making under uncertainty (involving
random variation) and involve specifig/statisticabpractices: randomisation, collecting
sample data, tabulation and transndmerationy,data geduction, and using statistical
models (Wild & Pfannkuch, 1999). These‘practices lead to the emergence of
specific representations (e.g., specific graphs anditerms), concepts (e.g., distribution,
significance, correlation), procedurés (e.g., analysis of variance), properties (e.g.,
bias, efficiency, independence) and arguments (e.g., the central limit theorem is
given with a probabilistic statgméntggsimulation is sometimes used to justify a
result). Hence there are specific statistical\practices and specific statistical objects
and processes related to statistics problems./Consequently, since there is a specific
epistemology of statistics, we shouldsalso recognise a specific didactics of statistics,
given that the epistemjé“facet interacts with all the other facets of teachers’
knowledge (cognitive, imstufictional, and curricular knowledge). This justifies the
effort made by §everal statisti€s educators, in particular Burgess (2008), Garfield
and Ben-Zvi (2008), and, Watson, Callingham, and Donne (2008) to adapt and
develop PCK or MKT medels for statistical education.

Burgess (2008) defined teacher knowledge to teach statistics for the case when
this teaching is based onstatistical investigations. As research on teacher knowledge
to teach statistics 1s'secant and recent, he based his approach on studies carried out
in mathenatics_ education. Burgess built a model for statistical pedagogical
knowledge starting' from Ball et al. (2001) and extending and adapting to statistics
education, by ineluding categories from the Wild and Pfannkuch’s framework
(1999) dfor Statistical thinking. Hence, based on these two theoretical models,
Burgess proposed a two-dimensional grid to analyse the statistical knowledge for
teaching. In gne dimension (mathematical knowledge for teaching) he considered
four categories: common knowledge of content; specialised knowledge of content;
knowledge of content and students; and knowledge of content and teaching. In the
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other dimension (statistical thinking in empirical inquiry) he included the following
categories: four types of fundamental statistical thinking (need for data,
transnumeration, variation, reasoning with models, integration of stati§ti¢al, and
contextual); two components in the statistics research process (investigative cycle,
interrogative cycle); and dispositions towards statistics.

The grid was used by the author to describe the knowledge put.in practice by
two statistics teachers, and the knowledge those teachers failed tofapply eéven when
they had the opportunity, in the context of teaching experiences based on Statistical
investigations. Results allowed Burgess to build a profile, for<each”teacher’s
knowledge. His study served to describe the components/of teacher knowledge
that emerged during the teaching of statistics investigdtions and how lack of
appropriate knowledge created missed opportunities in relation,to the teaching and
learning of statistics.

Garfield and Ben-Zvi (2008) described theigexpefiencesyin training teachers in
statistics, which were based on the application/of siXyinstructional design principles
from Cobb and McClain (2004):

1. Focus on developing central statistical ideas tather than on presenting a set of
tools and procedures.

2. Use real and motivating data sets{to engage students in making and testing

conjectures.

. Use classroom activities to support the'develepment of students’ reasoning.

4. Integrate the use of appropriate technological tools that allow students to test
their conjectures, explore and analyse data, and develop their statistical reasoning.

5. Promote classroom discourse thag includes statistical arguments and sustained
exchanges that focus on significant statistical ideas.

6. Use assessment to learn what'students)know and to monitor the development of
their statistical learningias(well as to evaluate instructional plans and progress.

(O8]

Garfield and Ben-Zvi (2008)used these principles to design and teach courses.
They teach also these pfinciples to the students explicitly as they prepared to
become teachers of statistics. Consequently, these prospective teachers had the
opportunity to experiencetheléarning of statistics following an instructional model
that allowed them to'knew and understand the didactical knowledge incorporated
in the principles mentioned.

The Cobb and McClains (2004) principles of instructional design, adopted by
Garfield and Ben-Zyi for teacher training courses, can be interpreted as an implicit
model for teacher didactical knowledge. The first principle (focus on developing
central statistical ideas) involves the epistemic component. Garfield and Ben-Zvi
selected thepfollowing key statistical ideas: data, distribution, variation, central
tendency, randomness, co-variation, and sampling. The second principle is related
to bothgthe epistemic component (real data sets refer to statistical problems and
related conjectures) and the affective component (students’” motivation and
commitment)’ The third principle calls on the instructional facet (classroom
activities,“exploration, discussion and argumentation, cooperative work) and the
cognitive facet (development of students’ reasoning). The fourth principle refers to
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tools and media. The fifth principle involves an interactional component: promoting
classroom discourse that focuses on significant statistical ideas. Finally, the sixth
principle highlights the role of assessment in teaching and learning.

Assessment and measurement are important tools in developing teachers™ PCK,
as highlighted by Watson et al. (2008). In their work presented at the<Joint, Study
Conference, Watson et al. described and applied a questionnaire that was developed
to assess the different components of Shulman’s PCK (see also Calligham &
Watson, this book). Their questionnaire, based on Watson (2001),, alsotincluded
some items measuring the teachers’ beliefs about statisties and its_teaching, and
their confidence to teach particular statistical topics. Watson et alapviewed PCK as
a general notion including the different categories initially proposed by Shulman,
i.e., disciplinary content knowledge and pedagogical content’knowledge related to
students, curriculum, teaching: “this approach“appears to“treat PCK as the
underlying and encompassing phrase to summagise Shulman’s original intentions”
(Watson et al., 2008, p. 1). Some items included by these authors in their
questionnaire to assess teachers’ PCK were basedson thelanswers given by students
to questions used in previous survey research camsied out'by Watson. “The major
focus of PCK in items in this study is teachers’ contentiknowledge, its reflection in
knowledge of their students’ content Knowledge, and their PCK in using student
responses to devise teaching intervention”” (p.ih).

Although the models for PCK o MKT described in the previous paragraphs are
useful for training teachers to teach statistics, théir categories are still general and
could be made more precise. It would be useful to develop models that provide
detailed and further operative criteria that can be applied in designing procedures
or materials directed to educating teaghers. In the following section we describe a
theoretical model that attempts dof€omplement and expand those described in the
previous sections. This model is applicable to both mathematics and statistics
(consequently for preparing mathematics and statistics teachers).

4 Expanding the Amalysis of Mathematical and Statistical
Pedagogical Knowledge

In this section w¢ describe a Specific model, which is based on a theoretical integrative
framework developed_for research in mathematics education. The onto-semiotic
approach (synthesised”in Godino et al., 2007) combines three dimensions in
mathemati¢al knowledge and teaching: (a) the epistemological component, which is
conceived ffom an‘anthropological and socio-cultural perspective; (b) the cognitive
component, whichiis given a semiotic foundation; and (c) the instructional component,
which_isfbased on social constructivism. Mathematics is conceived as a human
activity linked to solving certain types of problem-situation, whereas mathematical
objects are viewed as emerging from the systems of practices carried out to solve
these problems. The above assumptions are also applicable to statistics, and hence the
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categories of teachers’ knowledge derived from the onto-semiotic approach also
serve to characterise the statistical pedagogical knowledge. The different types of
mathematics and statistics objects considered in this perspective are fir; ified,
then the different facets and levels considered in the mathematical
pedagogical knowledge are described, and finally the idea of didactic
its components are expanded.

4.1 Types of Mathematical and Statistical 0&9

Different types of knowledge are put in practice ]‘&en mathematical
or statistical practices and when interpreting t ults. example, when
comparing two distributions (statistical prob olic or graphical
representations, concepts, propositions, and p ed to elaborate the
argument needed to make a decision as regard sesdistributions (such as

these distributions are

objects, introduced in the onto-semi
practices, are identified:

1. Language: terms, expressions, symbo ed to represent the distributions,
their parameters, or the operations carried ith them.

2. Situations: extra or intra-mathematical problems or applications, for example,
comparing the two distributions©Orcarrying out a statistical test for the differences
in averages or spread.

3. Concepts: given by their
parameter, average, sta

4. Propositions: properties
equal to the number
different).

5. Procedures: @perati ithms, techniques (computing the mean and
standard deviatio 0 g the significance of differences).

6. Arguments: us idate and explain the propositions and procedures
(deductive or, ctive rgasoning).

or descriptions (variable, distribution,
deviation).
utes of.concepts (e.g., the sum of frequencies is
distributions with very different means are

€S,

By consider six types of mathematical or statistical objects, the
traditional distinc etween conceptual and procedural knowledge, which is
ibe all the objects that intervene and emerge in mathematical
, is expanded. Problem-situations are the origin and reason of
statistical activity; language is needed to represent the other
ts and is an instrument for action; arguments justify the procedures
s that relate different concepts. These and other theoretical tools,
assification of mathematical processes, are described in detail in
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4.2 Facets and Levels of Mathematical and Statistical
Knowledge for Teaching

needs a deep mathematical or statistical knowledge for teach
learning processes involve a group of students, the te‘er, a
resources, all of them interacting within an institutional co onsequently the
mathematical or statistical knowledge for teaching sho Whe different
facets or components that are necessary to study teach d learning processes

and that are synthesised in Fig. 27.1. Didactic re‘c 18 g a substantial
amount of knowledge for each of these facets that s should acquire and

apply to achieve efficient teaching.
A short description of the facets of the model below (see Godino et al.,
(2007) for a more complete description):
1. Epistemic facet: The intended and im nte onal meaning for a given
t

mathematical or statistical conten is, set of problems, procedures,
concepts, properties, language, aj uded in the teaching and its
distribution over the teaching time.

ITABILITY

_wor
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RN
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Fig. 27.1 Facets and levels of teachers’ knowledge
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2. Cognitive facet: Students’ levels of development and understanding of the topic,
and students’ strategies, difficulties, and errors as regards the intended content
(personal meaning).

3. Affective facet: Students’ attitudes, emotions, and motivations rggar
content and the study process.

4. Media facet: Didactic and technological resources available for tea
possible ways to use and distribute these resources over time.

5. Interactional facet. Possible organisations of the classroom
interactions between the teacher and the students th‘e SO
difficulties and conflicts.

6. Ecological facet: Relationships of the topic with th cial culum, other
mathematical or statistical themes and with the socia 1)and economical
settings that support and condition the teaching‘

arni

Teaching and learning processes can als ana om four different
levels or points of view that provide addi ategories for teachers’

knowledge.

(a) Mathematical-statistical or didacti hematical or statistical
actions that students carry out to solve the problems posed, as well as the actions
carried out by the teacher in or ning and contextualise the
content.

(b) Configurations of mathematical or statis ects andprocesses: Mathematics
objects (e.g., problems, procedures, concepts, properties, language, or arguments)
and processes (e.g., generalisatibn, representation) that intervene and emerge in
the aforementioned practices

(c) Norms: Rules, habits, and ns that condition and make possible the
study process and affect each face their interactions.

(d) Didactic suitability: O e criteriggthat serve to improve the teaching and
learning and guide the f the teaching/learning process.

a
Teachers’ progressiv ledge in each of these facets and levels for a specific
content develops, thei nding of the teaching complexity and their
competence in 10gpos auses for learning conflicts. Although in Fig. 27.1
the components a f teachers’ knowledge are separated, in order to
highlight their di nce, 1 fact all of them interact. As an example, below, the
interactions of didactic suitability with the facets 1-6 in the teachers’ knowledge
are analysed.

ic Suitability

ility for a particular teaching and learning process should be
r each of the six facets described in Sect. 4.2 as the teaching process
may be suitable from the statistical point of view and not suitable, for example,
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from the affective point of view. Consequently six different types of suitability can
be considered (Godino, Wilhelmi, & Bencomo, 2005):

1. Epistemic suitability measures the extent to which the implement

the implemented meaning is included in the st ¢
development, and whether the students’ learning (perso ning achieved) is
close to the intended meaning.
3. Emotional suitability describes the students’ involv
attitudes) in the study process. ‘
4. Media suitability reflects the availability and adeq
resources in the teaching process.
5. Interactive suitability is the extent to which the nisation of the teaching and
the classroom discourse serve to identify possible conflicts and

(interest, motivation,

material and temporal

g process is in agreement

6. Ecological suitability is the extent t
i nd takes into account other

with the school and society edu
possible social and cultural facto,

The different categories for teacher ge in the models described in
Sects. 2 and 3 include, to a greater or lesser extent, the facets assumed in the
onto-semiotic model. The levels offanalysis crossing each facet in this last model
involve a deepening in the analysis‘ef the knowledge needed to design teacher
education and to assess teache ge. Moreover the idea of suitability and
the different suitability criteria provi uide to design, implement, and assess
teacher professional devel t plans, to support the teachers’ reflection on
their own practice.

5 Implications omers’ Education

Statistics teache ould elop competence to recognise the statistical objects
and processes that intervene in the students’ statistical practices, be aware of the
norms that supp ndition learning, affect, resources, and interactions in the

classroom. guently, the education and assessment of teachers’ professional
, % ake into account the different facets and levels described in
d

rning of statistics and transmitting an epistemological vision of
statistics in"agreement with social constructivism, as well as developing teachers’
statistics pedagogical knowledge. A possible tool is the formative cycle designed
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by Godino, Batanero, Roa, and Wilhelmi (2008), which was tried in an experience
with prospective primary school teachers.

The formative cycle started with a statistical project that was comp
prospective teachers in teams, following a socio-constructivist instructi

analysis, which is also specific to statistics, as decision-making in
often requires taking into account, not just one variablej but approach.
The project also provided the prospective teachers with a te odel where the
traditional knowledge division in textbooks (concep edures) was
overcome and where statistical concepts and techniqu justified by a real
problem, so that these concepts acquired a situational mmeani the teachers.

In a second stage, the project served to ctical reflection on
pedagogical content knowledge. After discussing the problem posed
and the statistical conclusions for the research e prospective teachers
were asked to analyse the different facets and suital eria described in Sect. 4
in the teaching/learning process they ived

summaries. Another feature of this project was the multivariate %
C

owledge and in assessing the
didactical suitability of the teaching p i tcome was reasonable, given
the scarce time devoted to preparing the te ho took part in the experience
owever, the activity proved to be
useful to introduce systematic reflection on the different facets affecting the
teaching and learning of statistic eover, responses by even the most advanced
future teachers showed some u i
mathematics that shouldybe
multivariate approach to d
that interact with the teachi ing processes of statistics that were
described in the previou, ons.

To conclude we su thel need to improve the models for the didactic
knowledge reql.d to tistics that take into account the specificity of
statistics. Improvi tatistics education of school teachers will also require
significant chang
time to teacher
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Chapter 28
Measuring Levels of Statistical Pedagogic

Content Knowledge
O

into t| ool curriculum
have to teach it.

Rosemary Callingham and Jane Watson

Abstract The introduction of statistics and proba’i

A review of the related field of mathematics edt s that teachers need
more than content knowledge. They must also re eir students’ statistical
understandings in ways that move students’ cu standing to higher levels.
Efforts to measure such statistical peda owledge are still in their
infancy. Findings from a large-scale i dy are reported to exemplify
these efforts, and the implications fo re discussed.

1 Introduction

ts in the International Statistical Institute
were discussing the lack of adequate
tistics and the consequent deficiencies
observed. Rubin and Rosebe; or example, described anecdotally the
difficulties displayed b room teachers that are indicators of the types of
understanding that res rs are attempting to measure more formally today.
Despite statistics bei curriculum in the later years of schooling (Holmes,
1980), the advent o ics and probability in the broader school curriculum in the
early 1990s, including t mary or elementary years (e.g., Australian Education
Council, 1991; National ncil of Teachers of Mathematics, 1989) raised awareness
of issues surrou eaching of these topics.

As early as 1988, many of the
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In this chapter, the understanding of the nature of teachers’ knowledge that is
needed at the school level and emerging attempts to measure this knowledge are
considered (chapters by Burgess; Godino, Ortiz, Roa, & Wilhelmi;WRonte;
Pfannkuch & Ben-Zvi; and Makar & Fielding-Wells, in this book piesent othet
analyses of teachers’ pedagogical and professional knowledge). First;zesearch’in
the related field of mathematics education is examined as a way.of inferming
discussion about statistics education; second the field of statisticsgdueation itself is
canvassed, identifying issues in relation to teachers’ knowledge. Finally aspects of
pedagogical content knowledge for teaching statistics andrecent effortsité measure
this construct are described to exemplify current approaches;“andythe implications
are discussed.

2 Background

The measurement of teachers’ mathematical knowledge has predominantly focused
on content knowledge (Hill, Sleep, Lewis;.& Ball, 2007), especially arithmetic,
with statistical knowledge limited to geading simple graphs. In a seminal paper,
Shulman (1987) identified seven khowledgestypes needed by teachers to be
competent in the modern classroony. This woek has/prompted a variety of attempts
to describe, identify, and measure more precisely the nature of teachers’ knowledge,
in particular in the field of mathematics educatjon. Although the measurement of
teachers’ mathematical knowledge i§ well established, often measured by relatively
simplistic tests of mathematical knowledge (Hill et al., 2007), more contested has
been the level of content knowlédgegtequired by teachers if they are to teach
mathematics effectively. Ma (1999) suggested that elementary teachers do not need
high levels of mathematical knewledge, but'do require a “profound understanding
of fundamental mathematics™ (p.22)gincluding a deep grasp of the interconnections
and relationships among®different aspects of mathematical knowledge. It seems
likely that such thinking eould apply also to statistics.

A different dpproach to mi€asuring teachers’ mathematical knowledge is that
taken by the Training and Development Agency for Schools (2009) in the United
Kingdom. All teachers are réquired to take a test of “numeracy” before they are
accredited to teach, including many items that could be considered statistical in
nature, for exampleyreading box plots of data from testing programmes. Although
addressing some aspects of Shulman’s (1987) “knowledge of education contexts”,
the test regiains.content-focused.

In recenthyears, attention has shifted from content knowledge to the description
and theasurementrof ‘“Pedagogical Content Knowledge” (PCK), which Shulman
(1987).conceptualised as “that special amalgam of content and pedagogy that is
uniquely the| province of teachers, their own special form of professional
understanding” (p. 6). Shulman’s ideas have been refined and developed over time.
Hill, Rowan, and Ball (2005), for example, described Mathematical Knowledge for
Teaching (MKT), which they defined as that “...mathematical knowledge used to



28 Measuring Statistical Pedagogical Knowledge

carry out the work of teaching mathematics” (p. 373). Chick (2007) suggested that
PCK may be inferred from the nature of the tasks set by teachers, and in particular
their use of stimulus material that has a range of possibilities or “affordanées” for
use in the classroom. Such work suggests that different topics may reqguire diversé
aspects of PCK, and the creative and imaginative use of suitable artefacts may play
a role in identifying PCK.

Recent work has focused on the formal measurement of aspgcts of PCK. Hill,
Schilling, and Ball (2004) measured teachers” MKT using a multiple choice test
based on mathematical content commonly found in elementary ‘school courses,
such as number concepts and operations, and pattern and/algebra. No statistical
knowledge was included. These instruments were thei used “t@ link teacher
knowledge with students’ outcomes (Hill et al., 2005). A 'recént international study
(MT-21) considered both content knowledge“andy “Mathematics Pedagogy
Knowledge” to evaluate teacher education programmes. The'eontent survey included
statistics, but the Mathematics Pedagogy Kuowledge component was organised
around three sub-scales: Curriculum, Teaching, and Stadents (Schmidt et al., 2007, p. 26).
Of particular relevance to the discussion presented,here inirelation to the types of
items employed is the Students scale, which used itéms that required teachers to
respond to student answers and identify the errors«made on a variety of topics.

2.1 The Situation in Statistics Education

Measuring teacher knowledge specifically for teaching statistics has a shorter
history than for teaching mathematiesy At the International Statistical Institute
Roundtable in 1992, Beggy(1993) proposedya research agenda that began to address
such issues at the school levelyThis agenda)focused on professional development
and its effectiveness that implied, although did not address explicitly, some measure
of teachers’ statistical knéwledge. Shaughnessy (1992) further indicated the lack of
research in this area by\pla¢ing teachers’ conceptions of probability and statistics
as one of his seven significanffuture research questions.

By 2001 howevef isSues in school statistics were recognised, and issues around
teachers’ capacity.te teach statistical concepts were becoming part of the research
agenda. One approach to identifying and measuring teachers’ knowledge in statistics
was that taken bypWatson (2001) using a “profile”. This instrument attempted to
address multiple domains of teacher knowledge including self-efficacy or confidence
in teaching statistieal concepts, beliefs about the value and use of statistics, and
pedagogicalieontent knowledge using items in which teachers responded to questions
based™on studenf¥survey items. Groth (2007) provided a framework for teaching
Statisticsfat the high school level adapting the ideas of “common” and “specialised”
knowledge of Hill et al. (2004) and acknowledged that the specialised knowledge
area required/a growing research base. This is particularly the case in relation to
non-mathematical knowledge, which encompasses the pedagogical activities that
take place in the classroom.
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Watson, Callingham, and Donne (2008) reported on the development of a
measure of pedagogical content knowledge in statistics. The instrument used was a
pen-and-paper survey similar to Watson’s (2001) profiling instrument buf extended
the items in which teachers were asked to give a response to student jwork. “Using
Rasch measurement techniques (Bond & Fox, 2007), the 12-item scale“of Statistical
pedagogical content knowledge had good measurement qualities_and proyided
measures of teachers’ performance that could be interpreted in hierafchieal levels. One
aspect of this study was the relative difficulty teachers had in suggesting/suitable
“next steps” to move students’ understanding forward, even when they could predict
students’ responses. This finding suggests that instruments idéntifying PCK may fall
short if they only include items asking teachers to idefitify appropriate responses
without any accompanying follow-up action.

In an attempt to refine the measures, Watson, ‘Callingham;“and Nathan (2009)
used similar items in an interview situation. An initial analysis of the teachers’
responses indicated four components of teacher Yknowledge, including content
knowledge, knowledge of students as learners, and tw aspects of PCK. One PCK
component was characterised by teachers emplaying content-specific strategies to
develop students’ understanding; the se¢ond involyedieonstructing a shift from a
specific to a more general statistical cgntext, suchyas making explicit connections
between different aspects of statistical knowledge through connecting, for example,
a data display with notions of probabilitys, This’ latter category extended the
understanding of PCK and embeds specific statistical teaching strategies within the
domain of statistical pedagogical knowledge. The interview format, however, has
some practical limitations in term§ of its use with a large number of teachers,
although it does provide insights into‘the nature of statistical PCK.

PCK for teaching statistics/is#undoubtedly a complex construct. The study
reported in the next sectiongrepresents an attempt to measure statistical PCK
using an instrument sufficientlyysensitive totrack changes in teachers’ understanding
over time.

3 Teacher Knowledge for Teaching Statistics

The StatSmart [project incorporated a professional learning programme over
3 years assisting teachess to appreciate the developmental processes that students
go through in reaching statistical understanding (e.g., Watson, 2006). Teachers
were alsofprovided with resources including Tinkerplots software (Konold &
Miller, 2005),and attended a 2-day conference each year at which activities and
ideas*were presefited to help them devise learning activities suitable for their class
levels. Afhe project timeline included repeated monitoring of teachers and their
stadents. Design details were discussed in Callingham and Watson (2007). The
survey data reported here were collected from teachers after the first professional
learning “‘conference towards the end of the first year of the study, and again
midway through the project.



28 Measuring Statistical Pedagogical Knowledge

The teacher group was composed of 45 very experienced teachers who mostly
had limited tertiary-level mathematics study within which none explicitly mentioned
studying statistics. They taught middle-year students (Grades 5-10) in afvariety of
settings or in high school, often including post-compulsory years! Although
teaching in the different jurisdictions that comprise education in Australia (i‘e.,
government, Catholic and independent schools) using different curriculum
documents, their discussions suggested that they were more homdogenous, than the
background data might imply. Completion of the survey was an ‘eXpectation of the
project and 42 teachers responded to the first survey(The,second Survey was
answered by 26 teachers, of whom 18 had also responded to the fifst.administration.
The lower response rate was probably due to the time ofiyéar whenithe survey was
sent out, some months after the second professional conference) The eight new
teachers had very similar backgrounds to the others.

Only the 12 PCK items from the instrumenty(Watson, 200.1) are discussed here.
These items were of three types. The first group“foumitems) provided teachers with
survey questions that had been given to studentS anddasked them to anticipate
appropriate and inappropriate responses that their own, students might provide.
A second group (four items) extended th€se.initial queéstions by asking teachers to
indicate how they might use the item stimmulus in the.classroom, using Chick’s (2007)
notion of affordances. An example is théyitem imathe context of a newspaper headline
on “odds” shown in Fig. 28.1, in which‘questien a was of the first type (anticipating
students’ responses) and question b was of the se€ond type (classroom affordance).
The stimulus contexts for these items included an incorrect pie chart from a media
article and a newspaper report aboutlan association between car accidents and heart
disease (Watson, 2006), as well as the¥{odds” headline in Fig. 28.1.

The third type of item, of whichuthere were four, explicitly invited teachers to
respond to particular studentsi answers. Real student answers from surveys were
provided and teachers were asked to_sayziow they would respond to the student.
An example of two items employing proportional reasoning in the context of

North at/7=23but we can still win match, says coach

1. What de€s)“7-2""mean in this headline about the North against South
footballmatch?:Give as much detail as you can.

2. From the ntfibers, who would be expected to win the game?

Thelabove'item was given to a group of students.

a. Whatkinds of responses would you expect from your students?
Write down some appropriate and inappropriate responses.

b. How would/could you use this item in the classroom? For
example, how would you intervene to address the
ipdppropriate responses?

Fig. 28.1 An example of a PCK item asking teachers to anticipate students’ responses
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Box A and Box B are filled with red and blue marbles as follows. Each box is shaken.
You want to get a blue marble, but you are only allowed to pick out one marble
without looking. Which box should you choose?

a. Box A.
| Box A
b. BoxB.
6 red
¢. It doesn't matter. 4 blue
Please explain your

answer.

Consider each of the following answers and explan:
explain how you would respond to each answer.

'nst

Student 1: (B), because you could get red or blug

determining a probability is shown i
in the context of a two-way table.

In the second teacher survey in 2008 so
original survey items in order to,extend th
different statistical content areas. T

odifications were made to the
information obtained into some
items on odds, pie chart, and the proportional
reasoning item shown in Fig. 28.2 rémained the same. The harder proportional
reasoning item, using a two-w. dropped because many teachers avoided
answering it. The associal item was medified to make the teacher questions
more explicit, reducing the of in ual questions. A new item addressing
average replaced the two- tal estion. These modifications provided a total
of 11 items, of which s addressed anticipated student responses, 3 items
addressed classr aff nd 4 items asked teachers to respond to students’
answers. Of thes S, e common across both administrations of the profile
(odds, pie chart, an rtional reasoning task shown in Fig. 28.2) to provide
a basis for scal hori sing Rasch measurement (Bond & Fox, 2007). All
items were scored using airubric based on the increasing complexity of the response.
The scores for varied from 0-2 to 0-5, where O in every instance
indicated n se or a totally irrelevant response (e.g., Watson et al., 2008).

plore the construct of statistical PCK a number of analyses were
irst, a Principal Components factor analysis with Kaiser normalisation
and varimax rotation was undertaken to examine the construct in relation to the four
components identified by Watson et al. (2009).
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The initial factor analysis using the 2007 data suggested four factors that
together accounted for 67.6% of the variance. The first of these included all four
items in which teachers were asked to respond to students’ work. The segon@factor
addressed anticipated student responses to the items on odds and a pie'eraph, and
classroom use of odds (three items). The third included anticipatedstudent
responses to the association item (three items), and the fourth factor included
suggested classroom use of two items that included graphing: pie gsaph and
association. An identical analysis was run on the data from the second.administration
of the instrument in 2008. Only three factors were identified thatiacéounted for
70.1% of the variance, and eight of the eleven items loaded“@nto,more than one
factor. The number of teachers (n=26) was smaller and 18,0f these were completing
a second survey. It is possible that the teachers who_ had been imythe)project for some
time were now interpreting the items in different'ways, leading to the different
results. The changes did suggest, however, thatcreating scales based on the initial
factor analysis was unlikely to provide consistent résults.

Second, the data were analysed using Rasch measurement (Bond & Fox, 2007)
in which person ability and item difficulty are placed’ on the same interval
measurement scale. The hierarchical gature of thégscoring rubrics provided
direction along a single variable of P€K,.and the,variable hence established had
good measurement characteristics. Mgasures ofipersom “ability” in logits, the unit of
Rasch measurement, for all 42 teachersiwhoxesponded to the 2007 administration
were obtained. The second administration,“in 2008, was similarly analysed but
anchored to the item difficulty of the first so thatall measures were against the same
“ruler”. In this way, direct compafisons of teacher performance could be made
across both administrations of the insttument to determine change over time.

3.2 Interpretation of the Cornstruct

The Rasch analysis proees§ spréads the items along the extent of the variable,
creating an hierdrchical scale Where the more difficult items appear at the top of the
construct and the gasiest,items occur at the bottom. By considering the “gaps”
between clusters ofiitemsiand the demands of the items within clusters, four levels
of PCK were idéntified. A description of the nature of teachers’ responses at each
level of the PCKyhierarchy was obtained by a qualitative analysis of the item
responses occurring-ateach level and is described in this section.

Aware level. Teachers are likely only to suggest a single appropriate or
inappropriate student response to the items. They display little broader statistical
ufiderstanding and do not make suitable suggestions for addressing students’
understanding, For example, in relation to using the odds question in the classroom
a‘typical Aware level response is, “Great for relating to football betting in real life;
Hear this,on"the news and footy show”.

Emerging level. Teachers use some statistical knowledge to suggest several either
correct or incorrect responses for students. Two PCK items, related to odds and
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a graph of association, expect the ability to suggest both correct and incorrect
student responses, for example, in relation to the odds question: “No idea; Not
sure; North have a good chance to win; for every $2 placed you recei ack
or for every 9 matches North would win 7”. Generic rather than content-
strategies are suggested for classroom intervention, which implies
but not necessarily in the context of statistics.

Competent level. The items with the highest codes at this
traditional and familiar topics in the school statistic rric phs and
probability. Some statistically appropriate interventions ed but only in
the context of familiar classroom activities. For ex roportional
reasoning task, “Question: Is it all luck? Would I be mo ared? Why?
In both boxes? How could I show my chance of wn mbers?”

Accomplished level. The highest code for mo ears at this level,
demanding the suggestion of both correct and t responses and an
integration of appropriate statistical content ent-centred intervention

strategies. For example in using the lung dlsease ¢ ible item in the classroom,

responses, showing both understanding of appropriate statistical knowledge and of
their students.

3.3 Teacher Chang

To consider teacher ch aired sample #-test was conducted on the mean
teacher ability measure ined from Rasch measurement from 2007 (x =0.47,
s.d.=0.78) and '8 X .d.=1.44) for the 18 teachers who completed both
surveys. This test d a significant increase in the mean value of teacher
ability (df=17, t= .040) with an effect size of 0.59, indicating that the
scale could pro sure of teacher change.
The four hie i evels of statistical PCK identified, however, provide a
ere oach to considering teacher knowledge that can go beyond
ores. By comparing teacher ability measures obtained through
ment approach against the items on the same scale, the number
level of the hierarchy can be compared. The proportion of
h level of the PCK construct in 2007 was (n=42): Aware 14% (6);

all teachers who had entered the project late. Of particular interest is the increased



28 Measuring Statistical Pedagogical Knowledge

number of teachers in the Accomplished level, from three in 2007 to six in 2008.
Using this profile approach has the potential to be able to provide more targeted
intervention with teachers, by matching professional learning activities ers’
demonstrated level of PCK.

4 Implications for Teacher Training and Resear

The StatSmart study represents a new direction in PCK t by using
items in which teachers have to respond in ways tha
practice, which are scored according to the quality, of
suggest that in addition to understanding the sta
PCK teachers need to be able to anticipate the
questions and to respond in ways that will fur
Although this profiling approach may lack the le
through interviews and observations, it has the
large-scale projects.

se. The results
t high levels of
> likely answers to
nts’ understanding.
il/that might be obtained
e that it can be used for

The relatively small pool of teachers; r long experience, limits the
inferences that might be drawn in chers’ statistical PCK. It is
possible that with a larger pool of téac leyels might be identified because
a larger and more representative sample rovide more information about

Developing measures of te.
an important continuing
related to measuring teache
the association of teachers” st.

ducation. The next stage in research
gogical knowledge will be to examine
and student learning outcomes. Such
research will then pr the ground for evaluating professional learning
programmes for teacher: erms of change in teachers’ statistical PCK and change
in their students. in es.
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Part IV
Challenges and Experiences
in Teacher Ed

L X
N

It was made clear in the analyses presented in thepreyieus pa at changing the
teaching of statistics in schools will depend o hich teachers are
educated to adequately face the teaching of statis a level. The complex

nature of teacher’s knowledge described in Part I gest that attention should
be paid not only to developing teachers’ statis

ation regarding the teaching
of statistics) and Topic 4 (Empo teach statistics: A look into
the future) in the Joint Study Conference oted to analysing how statistics
teachers are trained in different countries and how to improve this education.
Along the discussions in the relatgd working groups the need to use meaningful
activities in supporting teachers’ learning was emphasised, since didactical research
and experiences presented at ence suggested that new knowledge is
not automatically gained achers gh their participation in professional
development courses.

The purpose of this part is t
conference, and to anal

the 1deas discussed in Topics 3 and 4 in the
criteria that courses for educating teachers to teach

statistics should fulfil. same time, the chapters in this part provide examples
of successful e).ri ce ers’ education in statistics education that were
presented or discu e Joint Study Conference.

The nine cha in part deal with different but complementary themes.

In the first chapter in this part, Joao Pedro da Ponte expands his reflections from
the opening ple n about the conditions that teacher education in statistics
education ha to assure that the preparation of teachers may have real
impact on practice. The author suggests that teacher education should be

e of teaching, the school and the profession, provide challenge

ento de Diddctica de la Matematica, Universidad de Granada,
iencias de la Educacién, Campus de Cartuja, 18071 Granada, Spain
e-mail: batanero@ugr.es
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and support, as well as recognise and empower teachers. The author also presents
suggestions for combining these major elements in teacher education programmes
and analyses two examples in Portugal of how these ideas can be put info practice
in workshops for teachers.

As was highlighted in the analysis of different curricula in Part" T and,in the
conference Topic 1, the main emphasis of statistics teaching_should“be on
developing students’ statistical literacy and reasoning, two main/components that
should also be taken into account in preparing the teachers! Ehese fext two
chapters in this part address these two components.

Today, many national and international agencies make/statistical information
available on the Internet. Consequently, decision-makingyds increasingly based on
evidence, and citizens need basic statistical skills to manage,in)today’s society.
Ridgway, Nicholson and McCusker conclude thatstatistical literacy is more than
applying statistics mechanically; it is the abilitysto read“andieritically interpret data
and use statistics as evidence in arguments in‘everyday and‘professional contexts.
The authors describe some innovative curricula”and experiences supported by
statistical agencies with a focus on developing students?‘and teachers’ statistical
literacy. In particular they discuss the péssibilities thatshew technologies offer to
teachers to find effective ways to us¢ multivariate data and graphs to develop
statistical literacy in their students.

To complement these ideas, Pfannkuchyand Ben-Zvi suggest that courses
directed to teachers should be conceived“as @ “statistical reasoning learning
environment” in which teachers develop a de¢p and meaningful understanding
of statistics that later is transmitted to their students. The focus of these courses
should be on fundamental statisticalNideas, while at the same time the teachers
should experience the complete Statistical investigation cycle PPDAC (Problem,
Planning, Data, AnalysisyConclusion) that have been discussed extensively in
different chapters of the booksTwo additional components in courses directed to
teachers that are analysed by Pfannkuch and Ben-Zvi are formative assessment
and learning to understafid students’ reasoning.

The next three chapters/in Part IV analyse other inter-related themes largely
discussed at the Joint Study Conference in relation to the education of teachers: the
benefits and challepges'of using real data in the education of students and teachers
(Chap. 32), the meed to develop teachers’ ability to teach statistics through
investigations (Chap. 33) and the knowledge teachers need to effectively use
technology in the teaching of statistics (Chap. 34).

As in Parts Land"Il; the recommendation in training teachers to teach statistics is
for a data-@rientated education, where teachers design their own statistical project,
collect and analyse, their own data, and draw conclusions that are based on these
data-"Hall analyses’ the challenges and pedagogical issues faced by teachers when
using real data, the different status of data in mathematics and statistics classrooms;
and'the potential that real data offer for learning, motivation and interdisciplinarity.
She discusses'the advantages of using primary versus secondary sources of data and
offers suggestions for obtaining and using real data. The chapter concludes with an
analysis of the use of real data in supporting teachers’ learning and presents an
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example in Canada, where CensusAtSchool data is used in development workshops
for elementary teachers.

Projects and investigations are common in other school subjects, like seience
and social studies, but are rarely used in a mathematics classroom where statistic§
is usually taught. Makar and Fielding-Wells suggest the need to give mote rélevance
to the statistical investigation cycle in the training of teachers, in order to develop
their statistical thinking abilities, and a deep understanding of statistics. Their
chapter highlights ways for teacher educators to support teachers’ learning to
teach statistical inquiry. Results of two longitudinal studies are used to@formulate
recommendations to develop teachers’ proficiency in this area.

Working with real data and projects often require the use/of technelogy. Preparing
teachers to use technology is not an easy task, as many factors,influence teachers’
decisions about how to use these tools in teaching statistics.‘These factors are
analysed by Lee and Hollebrands, who also offer a theoretieal model of what they
term “technological pedagogical statistical knowledge” (TPSK) or the knowledge
needed to effectively use technology to teach statistics-The,chapter is complemented
with a discussion of issues to consider in developing this knowledge in teachers and
examples of teacher education courses fgéused oninereasing teachers’ TPSK.

The next two chapters analyse particular methods that were successful in
educating statistics teachers. Groth and, Xu' analysejtwo experiences where case
analysis was used to promote professional development in teachers in two very
different settings: A case discussion among a'group of prospective secondary
mathematics teachers in the Mid-Atlantic United'States and another case discussion
among a group of in service high School teachers in China. These examples are
used by the authors to show how, case, analysis can help teachers to increase their
general pedagogical knowledgef statistical pedagogical knowledge, and statistical
knowledge. The authors also use these examples to discuss the types of classroom
discourse that statistics teachemeducators should take into account to facilitate case
discussions among the teachers.

Quick changes in cg@rriénlum pose the problem of providing continuous
education for an increasing/number of teachers. Meletiou and Serrad6 argue that
distance education offers. fléXibility and convenience in solving financial and
logistic difficulties 0f engaging teachers in face-to-face professional development
courses. The authoss discuss the main pedagogical issues and challenges underlying
distance education in general, and teacher education in particular. They also
describe four examples of programmes that have utilised distance education to offer
teacher training in‘statistics education.

Chapter{36'was'developed from two papers presented in the Conference Topic 6
(Building ‘eollaboration between mathematics and statistics educators in teacher
edueation). The last chapter in this part is another example of experiences presented
and disetisséd, in this Topic.

An increasing number of national statistical offices around the world are today
recognising the importance of promoting statistical literacy at school level. Support
from these|institutions for statistics education includes making their data easily
accessible, and promoting educational projects to develop teaching materials or
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educating school teachers. In the last chapter, North and Scheiber describe some
successful examples of collaboration between statistical offices and schools or

educational authorities to provide support to train teachers around orld.
These examples include programmes from national statistical office ;
Portugal, New Zealand and South Africa, as well as two internation s, the

CensusAtSchool or the International Statistical Literacy Project.
ived ) papers
% me, the

In summary although chapters included in this part der
presented in different topics in the conference, there is an unde
preparation of statistics teachers. These chapters prov
recommendations for teacher educators and educational
educating teachers.

charge of



Chapter 29
Preparing Teachers to Meet the Challeng

of Statistics Education
O

Abstract This chapter addresses how teacher &c ion in istics education
may have real impact on classroom practice. ge about statistics
and teaching statistics as well as teachers’ p
on tasks and classroom communication, contra

Jodo Pedro da Ponte

for exploratory learning. Then, teacher educal egies with emphasis on
problematising, interacting, and resour . Finally, the design of
teacher education programmes is co ing the need to relate teacher

education to teaching practice, the s essional group, as well as to

empower teachers. Examples

1 Introduction

The most serious problem her, ed on is its minimal impact on teaching
practice (Smith, 2001). The his chapter is to discuss how this may be
changed in the field istics education. Such discussion is based on a
perspective about the t and nature of teacher knowledge in statistics and
teaching statisti to teaching practices. The chapter also addresses
issues on teacher e strategies and designs, and suggests several key ideas
regarding the te tion setting and the role of the teacher educator,
illustrating them with two examples, one from in-service and another from
pre-service tea tion. Finally, some implications for teacher education
and researc d.
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2 Teacher Knowledge About Statistics and Teaching Statistics

Teacher education in statistics may follow many routes. It depends, for example;,on
the perspective that is assumed for teaching statistics. In fact, it makeg a difference
when such teaching is centred in: (a) mastering concepts and procedures, computing
statistics measures, and representing data in routine exercises; (b)fdata, handling,
collecting, representing, and interpreting readymade data provided by the\teacher,
the textbook or the Internet; or (c) doing statistical investigations, Which' involve
a full cycle of posing questions, collecting, analysing, interpréting, and critiquing
data and arguments.

First, consider content. Curricula emphasise statistical ideas in different ways.
Some give prominence to basic statistical sumgfaries (meany /median, mode,
standard deviation, quartile...), others to statistical représentations (graphs, tables,
diagrams...), and some strive to address important ideas ins/statistics (such as
centre, variability and distribution and other notions diseussed by Burrill & Biehler,
in this book) or to connect statistics and probability (Chaput, Girard, & Henry,
2008; this book; Borovcnik, this book). Curriculatalso differ largely in the ways
they address the process of statistical gnvestigation.“For example, how much is
discussed about formulating question§ thatyseek generalisation? And what about
designing for differences in data collection’ (using random selection in sampling
designs and randomisation in experimental designs)? Does data analysis
address variability just within a group or also between groups? Does it describe and
quantify sampling error? Does it quantify association and fitting of models of
association? With what depth and\ breadth of examples does it consider the
interpretation of results of a statistical lavestigation? And what are the main targets
for primary and secondary education? Whereas it is not difficult to make a list of
statistical topics and conceépts that teachers, need to know to teach statistics (see
Chaps. 20-25), the extent tgwhieh téachérs should know and how they may learn
these topics is still a matter.that needs further research.

Another important glement yof teachers’ statistical education concerns the
professional knowledge\required for teaching of statistics. A large number of
studies has been‘earried outin‘the framework of “pedagogical content knowledge”
(PCK), a notion proposed by, Shulman (1986). The key idea is that “pedagogy” and
“content” combin€ in a special way in teachers’ professional knowledge. Recently,
Hill and Ball (2004) suggested the concept of “specialised knowledge of content”
(SKC), as a particulamway for teachers to master subject matter, that supports their
activity in plafhing and handling classes and in assessing students’ knowledge,
strategies,land difficulties. PCK and SKC are appealing notions, as they resonate
with,the experience and concerns of teachers and teacher educators for whom both
content and pedagogy are important. These notions, however, involve some
ambiglity concerning the nature of such knowledge — whether it is declarative
knowledge or jit is essentially practical; the problem is that most researchers that use
these netions’tend to view them as declarative knowledge, and not as action-oriented
professional craft knowledge (Ponte & Chapman, 2006).

Professional knowledge required for teaching statistics may be regarded as
standing on three main poles: (a) knowledge of students, including their learning
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Table 29.1 Professional knowledge related to teaching practice

Planning Curriculum objectives
Classroom structure (introduction/exploration/discussion)
Tasks
Materials
Organising students’ work

Management of time
Assessment
Conducting  Introducing tasks and negotiating the work.i nor

Handling classroom communication

Negotiation of statistical meanings
Making decisions according to the flow o esson
Reflecting Were the curriculum objectives m

Did the students learn what was soug

Was the planning appropriate?
Were the classroom events hai

processes, thinking strategies, difficultie
the curriculum, including purposes,
mathematical topics and with other s
(Table 29.1), including the planni

pment, connections with
owledge of teaching practice
, conducting the classroom

implications for the assessment
(see, e.g., Watson, Callingh
aspects of teachers’ declara

This view also has im ons for teacher education since this
knowledge is informed ry by practice. Advocates of situated knowing
will argue that professio owledge is highly connected to the specific institution
and context wher@the t ks (Putnam & Borko, 1997). In the next section
two key elemen hing practice (tasks and classroom communication and
teaching styles) are ai . The issue of how teacher education settings may

support teacher veloping their professional knowledge and teaching practices
will be discussedyin Sects. 4 and 5.

owledge by paper and pencil instruments
8), since these measures capture just some

3 _Tea ctice

nd Classroom Communication

StatisticS¥earning largely depends on the activity that students carry out in the
classroom and such activity largely depends on the tasks proposed by the teacher.
Therefore, tasks are essential elements in framing teachers’ practices. The exercise
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is the most characteristic task in many other school subjects, including mathematics
(Christiansen & Walther, 1986) and also statistics. But, besides exercises, students
need to get involved in doing other kinds of tasks such as inv
explorations, and projects (see MacGillivray & Pereira Mendoza, in
should be noted that it is impossible to classify a task in absolute t
nature is always relative to the person who does it.

Another important element of teaching practice is haund
communication. In many classrooms, the teacher dominates the
providing explanations and examples or posing succes
feedback. Such classes tend to follow the sequence IRF — 1 “initiates” a
question, a student “responds”, and the teacher provi mme “feedback”,
accepting or rejecting the response. However, ther tegns of classroom
discourse, based, for example, on inquiry questioniI 4

The students may be encouraged to share id it colleagues, working
individually, in pairs, in groups, or as a whole pom discussions are
important for negotiation of meanings (Bishop &
different representations are contrasted, the ynal representations are
analysed, and the proper use of statistic 2d. This is also when the
main ideas related to the task are clari lised, and institutionalised as
accepted knowledge in the classroo i ing group work, the way the
teacher interacts with the students 4s rtant. If the teacher does not
respond to the students’ questions, he or y lose the motivation to keep
working, whereas if the teacher provides the answer, he or she cancels out most of
the possible learning benefit for thefstudents. Therefore, teachers have to regularly
deal with difficult dilemmas in condugting classroom communication.

3.2 Two Styles of Te

The analysis of differen ofjtasks, roles, and communication patterns suggests
a contrast of twogmain aching statistics practices that may be found in
classrooms in evels, sometimes used by the same teachers at
different moments:

e In Direct tea
are artificial,
receive “explan:

g: (a) tasks are reduced to standard exercises and the situations
h task there is a strategy and a correct answer; (c) students
and the teacher shows “examples” so that students learn
s”; (d) the teacher poses questions and provides immediate
student asks “clarification” questions; and (e) teachers and
e authorities.

s, problems, projects, and exercises; (b) the situations are realistic
here are several strategies to deal with a task; (c) students receive

explain and justify his/her reasoning, so that the student is also an authority;



29 Preparing Teachers to Meet the Challenges

(e) students are encouraged to discuss with colleagues (working in groups or
pairs); and (f) there are frequent discussions with the whole class and meanings
are negotiated in the classroom.

Classroom practice depends on the teacher but also depends on theStudents and,
at a different level, on several external factors. Some conditions make it very difficult
for a teacher to move from direct teaching to exploratory learning. For €xample, in a
statistics class with explorations, investigations, and projects if\is impossible to
predict all the ideas and questions that students may raise and, therefore;,such a class
is much more complex to manage than a class based on the exposition of content and
completion of exercises. In addition, many students do not have previous experience
in working on projects and investigations and need special support. Notwithstanding
such difficulties and limitations, this work is essenfial in"a Statisties class that aims
to develop students’ statistical understanding, ability/tohinvestigate and carry out
projects, and reasoning ability (see MacGillivray & PereiraMendoza, in this book).

If the students are to experience significant statisticilearning, they need to work
for an extended time on a field of problems, leading to‘important statistical ideas,
such as for example, correlation — at lgast for\seéveral/classes. During such an
activity, they have the opportunity tojgrasp the nenm-trivial aspects of the new
knowledge, connect them to previous Knowledge, and develop new representations
and strategies. To carry out such teachingteachets need a positive personal relation
with statistical explorations and investigations andstatistical reasoning as well as a
capacity to design or select and enact such tasks and teaching units. These attitudes
and competencies need to be a central focus in feacher education (Chick & Pierce,
2008) which is discussed in the nexf\sections.

4 The Central Probleim in Teacher Education

There is widespread conSensiis that teacher education is an essential element for
quality teaching in any subjéct, including statistics. Teacher education is often seen
as the major key to improye €ducation, and sometimes it is even seen as the only
key that is worthwhilelte consider. In consequence, very high expectations are
usually put on teacher educafion.

However, tedcher education is also often subject to strong criticisms. Despite
huge investmentsiin, mofiey, time, resources, and personal involvement, progress
seems to be thin. Smith (2001), for example, made an extensive critique of many
features offcommon mathematics teacher education programmes and most of them
apply equally well to statistics teacher education. She indicated that those
programmes- frequéntly focus on a particular issue and this corresponds to seeing
teachingfas atechnical and routine activity, encouraging “fix ups” in the borders
ofipractice instead of a global re-examination of such practice. The author also
critiqued thefact that teacher education activities are often of very short duration
and condensed in time and often not related to the teaching content. Furthermore,
teacher education tends to follow an “academic” model, with a predefined curriculum
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and structured activities based on a paradigm of transmission of knowledge. As she
indicated, one of the most serious weaknesses is that such teacher education
programmes do not include support for practical implementation of Aewpideas,
assuming that such ideas will be easily handled by teachers when they returnto
their classrooms. As a consequence, these teacher education courses have little
impact on classroom practice.

Research and development in statistics education has producgd a‘high, quantity
of knowledge and resources. However, providing teachers with thissknowledge and
these resources in an intensive and structured way, withouttaking into aéeount what
teachers need and the conditions in which they work, simplyadoes not work.
Teachers are able to learn and change their practices, Whén they follow a natural
professional development path. Therefore, teacher education for iniservice teachers
must support their professional development process; recognising that such process
is framed by interacting and sharing experiencgs with“athénteachers and requires
articulation of the interests, needs, and resourées ofiteachers‘and their professional
contexts. Teacher education for pre-service teachers, in addition, requires ingenious
ways of working on theoretical ideas in contexts that replicate or simulate
professional practice. So, this leaves theproblem of how to integrate knowledge
on statistics education and knowledge/on teachers’ professional development and
this is the central problem of teacher edueation'designyBelow, ideas and experiences
on this issue are described and further‘suggestions/are included elsewhere in this
book (see Chaps. 30-37).

S5 Teacher Education: Strategies and Designs

Teacher education strategies that take into account teachers’ learning processes may
be organised in three major’ groupsithat emphasise problematising, interacting, and
resourcing. Strategies that“emphasise problematising give prominence to conceptual
aspects that the teacher him/herself needs to sort out, in relation to his or her practice.
This includes the tradition‘of ffaming reflection as problem solving or reflection in
practice (Schon, 1983) as, well as action-research and other activities that involve
observing and inquiring ‘practice (Zeichner & Noffke, 2001). Strategies that give
prominence to interactingy draw on notions of networking, collaboration and learning
communities (Jawosski, 2005), suggesting that a key element of teacher professional
development is,the mediating power of the collective group. Strategies that emphasise
resourcingfeachersiare based on the notion that mediation processes that bring about
change may'be supported by different kinds of artefacts, such as purposely designed
teaching material§’or technology-based teacher education environments (Lampert &
Ball, 1998)."Resourcing teachers with dense conceptual information and materials
thatfare not closely related to their actual classroom practice is a common approach
in teacher edycation but it is far from being an efficient one.

Of course, it is possible to combine these different emphases in several ways.
A very powerful strategy that promotes such combination is working through projects,
an activity with a long tradition in, and that has become a major strategy for teaching
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statistics (McGilliwray & Pereira-Mendoza, this book). A project may be seen as a
set of activities that aim to reach a goal, is based on the agency of the actors, and
connects individual and collective processes. A project moves forward pfecariously
between success and failure. Carrying it out requires unity between conception and
execution, taking into account the singularity of the situation, moving permanently
between theory and practice, and managing complexity and uncertainty.

Teacher education is therefore an activity that requires careful desigmy Settings
for teacher education need to have teachers involved in_acting\and reflecting on
their actions and to have them involved in collective activities as wellas ilfassuming
their own agency and autonomy. Such settings may differin time scale — from
one day, to one trimestre, one year, or several years — andin the value ascribed to
teacher agency — from the lower level as a consumer of ideasyand ymaterials, to the
higher level as an active participant in negotiating ‘and decision=making concerning
the activities of the course. These settings may also differimthe way they frame the
relationship between theory and practice, eithérfocusing on‘theory, on practice, or
on the relationship between theory and practice. Amotherivesy important dimension
in which teacher education settings may differ {iSytheir relation to the school and
other institutional arrangements, for example, whethefitéacher education is part of
school activity or not and whether it i$ part of the collective work of all teachers
who teach statistics and thus sustaingdiby thedschool’s structures and resources or
whether it is just a responsibility of’each individual'teacher.

In designing teacher education programmes, it is necessary to take into
consideration the many factors that influence teacher education processes such as the
conceptions, knowledge, and resourges of teacher educators and of teacher education
institutions, the official regulations and educational policy, and the school and the
social context. The conceptions,mé€dsgand interests of teachers also influence those
programmes — and perhaps_sheuld influenge them in a stronger and more explicit
way — and the same happens —jer should happen — with the perspectives and results
of research on teacher education.

At the heart of the tedeher education process is the developing teacher with a
direct contribution of the'teacher gducator and of teacher education setting, and also
important influefices of the teéacher professional context and perhaps other factors.
This process involyes dssessment of the needs and interests of the participating
teachers done both, by ‘themiselves and by the teacher educator, as well as the
negotiation of afworking,“contract”, the planning and undertaking of the activities
and their relation te,professional practice, and the closing of the activities leading
to new challenges.

6" Key Ideas’for Teacher Education in Statistics Education

Below driving heuristics to combine these major elements of the design of teacher
educatien programmes are presented as four key ideas:

1. Teacher education should be related to professional practice. Teacher education
may be related to professional practice in a number of different ways (Smith, 2001).
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Teacher education may be based on practice, seeking to recognise the existing
problems in the situations that the teacher experiences and framing their solution
in the light of theory. Teacher education may be situated in practicefuSing the
materials that represent the teaching activity (students’ work, mathematical/
statistical tasks, classroom episodes) as opportunities for /critique and
investigation, leading teachers to develop knowledge by analysing teal situations.
And, finally, teacher education may be based on teachers’fown practice, as
teachers collect data from their practice and reflect about them 'with the support
of the teacher educator and of other participating teachers.

. Teacher education should be based at the school and the professional group.
Teacher education needs to support the development/of new practices in the
professional context and address directly any problemsyarising from such
changes. This means that the starting pointiis diagnosisiof students’ real
difficulties. It also means carrying out interventionand professional development
projects, establishing verifiable objectives”andworkingcollaboratively. And,
finally, this means learning within the groupgwith téachers’ planning together
and regularly exchanging experiences. The classroomiand the subject group (or
its formal subgroups) become essentialacting Spaces:

. Teacher education should provide jchallenge and support. Teacher educators
need to productively combine elements ofschallenge and elements of support.
They need to provide examples thatreflectimportant statistical ideas and, at the
same time, sound teaching practice. Such'examples must be based on worthwhile
tasks, contribute to improve the classroom discourse, and help to create learning
environments that encourage redsoning, thereby expecting teachers to assume
intellectual risks. Teacher educatorSialso need to create disequilibrium in teachers,
challenging their conception$ about statistics, about who can do statistics and
what it means to be suogessful in statisties. This necessarily involves moments of
discomfort, but there is no other way te,léarn and make progress (Smith, 2001).
And finally, teacher educators neéed to encourage teachers’ collaboration, defining
common goals, combinhing individual and common objectives, and negotiating
ways of working together. In some moments challenge may be stronger, while in
other momen{s supportimust prevail, always taking into account that the needs of
one teacher may/be quite different from those of another.

. Teacher education should recognise and empower teachers. Teacher education must
be on going throughout teachers’ careers. It needs to take into account the teachers’
contexts, that\ishthe students, the schools’ culture, current practices, resources and
regulations,the ‘educational system guidelines and calendar, as well as the support
for innovation from educational administrators. In addition, teacher education needs
to use teachers’ knowledge and competency about students, curriculum, schools, and
communities, and also to use external contributions, for example, from statisticians,
statisticalisocieties, agencies, and projects (such as the ALEA project in Portugal,
7lalea-cstp.ine.pt/; see also North & Scheiber, in this book) or university consultants.
Besides, teacher education needs to consider issues of sustainability and cohesiveness,
and, therefore, devise a set of experiences that amplify each other and contribute
towards a general long-term integrative movement.
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7 Practice-Based Teacher Education Programmes in Statistics

In this section two examples of how the ideas of the previous section may be put in
practice will be briefly mentioned. The first example concerns in-sefviee teacher
education in Portugal, related to the introduction of a curriculum for basic‘education
(grades 1-9) that emphasises data handing and statistical investigatiGfisyand,iin all
topics, teaching for exploratory learning. Such teacher education,is cargied out in
courses lasting for 3—4 months and with a face-to-fagepworkingitime/of 25 h
(teachers may work another 25 h autonomously). The courses,are organised by
grade level bands, and also by theme, one of them being Data Handling (the others
are Numbers/Algebra and Geometry). In 25 h of work it{is not possible to cover all
the relevant issues related to statistics and statistic§feducation ands therefore, just a
few ideas are addressed. Each course is attended by up 0,20 teachers and most of
the work is done in small groups, usually compfising three omfour members. The
teacher educators for these courses are recruited frfom teachers experienced in
teaching statistics, who undertook a specific preparation. The courses are organised
in six sessions of about 4 h each with the followingyeontent:

1. Introduction to the new curriculum, gspecially cemprising data handing; analysis
of selected aspects of the curriculum doéuments; and work on sample tasks
aligned with the curriculum orientations.

2. Design of a lesson on data handling usingtasksialigned with the new curriculum.

3. Design of strategies and instruments for data ¢ollection regarding students’ work
in a lesson using such tasks.

4. Actual use of the tasks designed and collection of data in one or more classes
taught by some teachers in the'group:

5. Reflection about the class,sanalysis of the data collected, and organisation of a
presentation by each small group to all.the teachers attending the course.

6. Actual presentation of "theiwosk carried out and discussion by the other
participating teacherss

To carry out these activitiesthe teachers have face-to face-sessions but also
meet together in‘theipfree time. These courses include some elements outlined in
the previous sections._ The teacher education process is related to teachers’
professional pragfice as actual tasks and samples of students” work are used to
exemplify the new curriculum orientations. In addition, new tasks are produced
and used in the teachets’ own classrooms, and become the objects of reflection
and discussi@nfEhere is an important element of collaboration since the work is
carried out by ‘groups of teachers — planning tasks, constructing materials,
observing,\analysing data, and constructing a report. There are also some
elements_of teachers researching their professional practice, although on a very
simpl€ level, with the design of instruments for data collection and analysing and
reporting results.

On the other hand, the links to actual school settings depends on the number of
teachers from a single school that attend each course. In a course like this teachers
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cannot learn a full course on statistics or on teaching statistics. But, overall, the
course leaders reported that the activities were largely successful, with many
teachers showing a high interest in continuing to try such curriculum tives
in the classroom. It is also gratifying to learn that some experien
indicated that what they do in the classroom is very similar to
curriculum recommends.

The second example comes from pre-service teacher educatiog
of Lisbon, and in fact, it is not much different from the former.
teachers need some orientation regarding the main idez‘f e m, they
analyse curriculum documents and textbooks and also wor e tasks that
illustrate important curriculum ideas. Next, working in grou ree or four),
and with or without the support of a cooperating teache local school, they
design one or two related lessons on a statistics<topie, an instruments to
collect data through students’ work. Afterwards, the e taught, either by
the prospective teacher or the cooperating teache pendi n the arrangement),
and data is collected.

The later stages of the work include reflectia % sson(s), analysis of the
data collected, and organisation of a pr atio hole class. The teacher
educator strives to organise things such’that in the«final discussion all major issues
regarding statistics concepts and t; i i
Again, the success of this activity de
study of statistics in the university prog It only will be fruitful if the
prospective teachers have in the future many other opportunities of involvement
with statistics and statistics educatién. But the authors’ evaluation is that this has
proved helpful in conveying to, prospective teachers the main ideas about the
purposes and processes of teac ics at school level.

new

ely/on the completion of previous

8 Implications for; ducation and Research

teacher education in statistics faces several
erspective on the goals of statistics education, the
processes of cu elopment in statistics, and the problems related to
students’ learni ieved, the traditional processes of “teacher training”
based on trans i dels are recognised to be very ineffective in developing
owledge and in promoting changes in teaching practice.
acher education in statistics that take into account the specific
development and are adjusted to the needs, resources, and
articular school in each particular country are needed. In the
re research on the actual activity and results of courses designed in
at pre- and in-service levels — is needed so that these courses can
be improved and such experiences are made available to teacher educators around
the wor

As discussed ‘t is
challenges. As a
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Chapter 30
Developing Statistical Literacy in Student

and Teachers

Abstract While statistical literacy is gaining muc’n &m as something

that all citizens need in order to function fully imm iety; there is much less
his pt

Jim Ridgway, James Nicholson, and Sean McCusker

agreement as to exactly what is meant by the er discusses what
statistical literacy is, why it is important for chi ¢hool and for teachers,
and the need for our understanding to evolve ace with developments
worldwide. It explores the potential of n rricu duced in South Africa and
New Zealand, and the work being dope inymany different countries by statistical
agencies to support teachers’ statisti i case study where naive students
and teachers develop skills by engdgi omplex evidence on a topic of real
social import is also described.

1 Introduction

Statistical literacy has long n issue oncern for an important minority, but
has become much more promi the first decade of the new millennium. The
explosion in informatio ibility means that statistical literacy, for the first time,
is widely viewed as an tial/life skill for a fully functioning citizen. In many
countries there i‘d ive vidence-informed decision-making. Governments
and other produce e-scale data sets are increasingly concerned about the
capacity of user erstand and make intelligent use of their outputs. For
example, the Glgbal Project (www.oecd.org/progress) is actively looking at ways to
develop new ind ocietal progress that are better reflections of the quality of
life and sustainabi measures such as gross domestic product (GDP) alone.

C. Batanero, G. Burrill, and C. Reading (eds.), Teaching Statistics in School
Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
DOI 10.1007/978-94-007-1131-0_30, © Springer Science+Business Media B.V. 2011
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The curriculum in schools tends to be slow to respond to changes in the outside
world. However, there are exceptions: South Africa in 2005 and New Zealand in
2008 introduced radically new curricula that place statistical literacy at gheleore of
the statistics component of mathematics. In many other countries, statistical office$
and agencies are providing resources that can be used to support thé“introduction
of statistical literacy in schools. However, without wide-reaching, professional
development at pre-service or in-service stages for teachers, sdch resources are
unlikely to have the impact they warrant. Moreover, new technologies have changed
the scale of data collection, the analyses that are possiblejand publiciacéess to data.
New technologies mean that multivariate data is ubiquitous 'wia open access
databases. The challenge for teachers is to find effective Ways to use'such large-scale
data sets. This challenge applies equally to teachers of mathematics who explicitly
teach statistical concepts and to teachers in other diseiplines whemeed to understand
evidence-based arguments.

Moreover, there is no consensus as to exactlywhatconstitutes statistical literacy.
In this chapter some conceptions of statistical diteracyhare described and some
issues surrounding it in the school context are explored. An experience intended to
develop teachers’ and students’ statisticalditeracy is.analysed and some implications
for training teachers are explored.

2 What Is Statistical Literacy?

In 1999 the Statistical Reasoning, Thinking and Literacy (SRTL) forums started and
are held biennially. These three Aspeetsyof statistics are inter-related, but in the first
five SRTL forums there has been a much stronger emphasis on statistical reasoning
and thinking than on statisticalyliteracy. ThelStatistics Education Research Journal
provides a repository of research=based knowledge about statistics education,
including many aspects gfstafistical reasoning and thinking — but only two articles
refer directly to statistical/literacy in the title (Watson & Callingham, 2003;
Carmichael, Callingham, WatSén, & Hay, 2009).

One can trace thé eatly. development of statistical reasoning from the nineteenth
century, when thegindustrialVrevolution brought widespread problems of disease,
housing, sanitatjon and working conditions, stimulating an era of social enquiry.
Current concerns over global issues like climate change, poverty and acquired immune
deficiency syndrome(AIDS) together with the technology revolution are combining to
create the ¢onditions, for a similar revolution in statistical literacy. Various efforts have
been made, to,describe the requirements for people to be able to participate fully in
soeiety: These'have'included the capacity to interpret statistical information presented
graphically, in, tables or in words, and to have some critical appreciation of whether
certain conclusions can be justified by the information available. If statistical literacy
is to be introduced into the school curriculum, there needs to be an understanding of
the nature'of the statistical concepts required, and of the logical dependencies between
statistical inference, and decisions and actions in real situations.
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Statistical literacy encompasses a number of ideas. Wallman (1993) emphasised
the ability to value, understand and evaluate statistical evidence that influences our
daily lives; Gal (2002) emphasised the ability to interpret, evaluate and communicate
statistical evidence, and provided an initial model that posits thatStatistically
literate behaviour comprises both a knowledge component (comprisedpef five
cognitive elements: literacy skills, statistical knowledge, mathematical knowledge,
context knowledge and critical questions) and a dispositional elément (Gemprised
of critical stance, beliefs and attitudes). Gal and Murray (in presshexpand on that
model to provide a conceptual analysis of the task demands presented by statistics
agencies in web-based environments (now the dominant dissemination medium for
statistical agencies).

There is increasing sophistication in the ways that<data,arg presented and
analysed in the media when addressing complex problems facing society, and our
conception of what statistical literacy is must eyolve t0“mateh these developments.
Few policy questions have no statistical compenént, be it\in government or in
commercial enterprise, and knowledge of statisticg’is‘an essential skill because data,
variation, and chance are omnipresent (Moore, 1998). Moreover, since complex data
are pervasive within different domains,/We. belicve that teachers across different
disciplines need statistical literacy, as defined by Gal and by Wallman, to integrate
evidence-based arguments into their ¢lassroomspractices.

3 Statistics Producers and Statistical Literacy

Key agencies in the development ofstatistical literacy include government statistics
offices, non-governmentahagencies and sites supporting Web 2.0 activities, as well
as providers of print and videopmedia. Politicians and policy makers are beginning
to understand that aggregating datalacross a heterogeneous population may give an
inaccurate picture of everysubgroup, and at the very least it is likely to lead to less
than optimal strategies \forsthe allocation of scarce resources. The capacity now
exists to collect data in“sufficient quantity to allow analysis by a number of
categorisations, for/example age, sex, ethnicity, or social background. However,
traditional analysis, metheds/ rely on models and assumptions that may not be
appropriate, and{the outputs of the analysis can be difficult to interpret, in that they
generate little intuitive understanding of the story behind the data.

Some agencies percetve the need for educational practitioners to engage with this
wider comimunity,‘and there are encouraging signs that this is starting to happen.
There is a growing awareness of the need to develop new indicators that better measure
thefimportant-aspects of a society, and to be able to communicate effectively with data
consumefs about the information available in these indicators. For example, the
Istanbul “Declaration (Organisation for Economic Co-operation and Development
[OECD], 2007) promotes an evidence-based approach to social progress. It recommends
involving“eitizens in the definition of ‘progress’ and appropriate indicators, and
advocates ‘appropriate investment in building statistical capacity’.
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Some national statistics offices are developing ways to make their data more
useful and better understood. For example, Statistics Canada (www.statcan.ca/start.
html) works directly with educators to develop resources (see Townsedn2007).
Schools have free access to their entire database of social and economicystatiStics, as
well as to census information. So students have access to a huge amount ofidetailed
data, with an intuitive interrogation interface (E-STAT) allowing them to produce
their own tables of summary data, and there are audio podcasts which*offer insights
into what can be done in projects with the data. The Australian Bureau of‘Statistics
(www.abs.gov.au/) uses SuperTable to make all their data’easily ‘accessible to all
users. Like E-STAT, SuperTable provides a powerful analytical'toolfor interrogating
data. In the United Kingdom the Office of National Statistics (ONS) has produced
activities and lessons plans based on real, large datasets that wese specially prepared
for immediate use in classrooms (www.stats4schools.gev.uk/).“The ONS has set up
a Data Visualisation Centre where innovative interactive'displays with complex data
are accessible, including dynamic population”pyramids, and a personal inflation
index calculator. CommuterView allows the usergto explore patterns of commuter
behaviour around any population centre. The power of \geographical information
systems to incorporate spatial dimensionsdnto statisticaliinformation is demonstrated
clearly. The CensusAtSchool project (Www.censusatschool.org.uk/) offers access to
interesting national data along with sintilag sutvey.datafrom a number of international
partners for comparison.

Those working in the area of official statistics afe making important contributions
to statistical literacy, and finding ways of disseminating information about their
activities more widely (see also Nérth & Scheiber, this book). The International
Statistical Literacy Project published, a book (Sdnchez, 2008) summarising the
efforts and outlining the resoupcéSiproduced by government statistical offices in
Portugal, New Zealand, €anada, Finlandy, Italy and Australia, and in 2011 the
Journal of the International Association fer) Official Statistics publishes a special
issue on statistical literacy.

Mittag and his collabérators (e.g., Grunewald & Mittag, 2006) have developed
interfaces that allow some,user interaction with OECD data; an important feature of
this work is a facility tolconnect to on-line tutorials about statistical concepts.
Gapminder (www.gapminder.org) is an excellent tool for the exploration of
multivariate relationships;.and has been adopted by the United Nations Statistics
Division for the display of the Millennium Development Goals. The entire content of
OECD’s Factbookyis_available on-line in Gapminder. Sites promoting Web 2.0
activities such_as“Many Eyes (services.alphaworks.ibm.com/manyeyes/) offer a
variety of interfaces, and some encourage users to upload and discuss data. Some
government statistics offices (and OECD) are working to make their data available in
sueh™ferums:“Web” 2.0 technology affords opportunities for communicating with
young_people, in ways familiar to them. Dynamic visualisation of data has some
important champions. For example, Giovannini (2007) argues that providers of
statistics have'to exploit all available technologies to help users make sense of data
and Radermacher (2007) argues for ‘intelligent graphics’ that are data-driven, allow
user interaction, and make use of animation.
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To take advantage of this variety and amount of information we need to build
our ability to interpret and display multivariate data effectively; this work is still at
an early stage of development. There is now a window of opportuni
statistics education community to collaborate actively with data provid %
provide effective multivariate displays that can significantly improve g
their websites and interactive publications, and the quality of Web off

4 Statistical Literacy and Curricular Issues

Statistical concepts in most school curriculums are r in_the 1920s. In the
United Kingdom at least, in the teaching of statist hoo there is a focus
on the mastery of technique, and rather little onyi
cus on the analysis
of univariate and bivariate data, make implicit ass about linearity, and are

dangerous. If students know
nothing about interaction or Simpso here a conclusion about the
relative efficacy of two treatments, tion/of a trend line, can be reversed
when a third variable is considered), the ely to draw conclusions about
multivariate data that are completely wrong, and may make important decisions
using false conclusions.

A number of authors have argue

McCusker, 2006; Ridgway, Ni

.g., Chance, 2002; Nicholson, Ridgway, &
McCusker, 2007b) that reasoning with

data is pervasive within seciety but current statistics curriculum does not
equip tomorrow’s citizens Wwith th illsh to engage in appropriate statistical
reasoning. Curriculum areas s eography, citizenship, and sociology all deal
with complex contexts multiple factors impact on situations, and where
relevant, real, data are a le. These subjects currently make little use of relevant

quantitative inf.la ion it is perceived that students will have great
difficulties in maki of multivariate data.

4.1 Implem ew Statistics Curricula

@w\ materials can seriously impair the health of statistical literacy
d pupils, there are examples of innovations in national statistics
ave the potential to make considerable progress in this important area.
d introduced a revised mathematics curriculum in 2008 that includes
within statistics, namely Statistical Investigation, Interpreting

eports, and Exploring Probability, and these are developed right
through the curriculum, beginning with the introduction of basic principles in early
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primary education and progressing to ambitious project work at the end of
secondary school. Students meet multivariate data early on in this process, and
developing new ways of delivering such innovative content has been /néyef the
challenges for teachers implementing the new curriculum. Arnold (2008) deseribes
a pilot study where a group of teachers formed a professional learning ‘comimunity
to identify needs in implementing the changes, and participated_in workshops
designed to address those needs.

South Africa introduced statistics into its school curriculum fofthe first time in
2005 (North & Zewotir, 2006). Starting from nothing, they were ‘able’to place an
emphasis on statistical reasoning rather than focusing on the/computational aspects
of statistics. The foundation and intermediate phases ofythis curriculum focus on
acquiring skills, and use contexts relating to human|rights, and other social,
economic, and environmental issues, and at the same’ time develop an awareness of
broader issues we would identify as aspects of statisticalpliteracy. In the senior
phase, these techniques are used to investigate“andpsolve problems in significant
contexts, using relevant contemporary issues such“as JAIDS, crime, abuse, and
environmental concerns (Wessels, 2008). The South Afrigan Statistical Association
(Stats SA) produces a lot of topical resourées.(www.statiatckland.ac.nz/~iase/islp/sa)
that teachers can access which suppért the ambitions of the new curriculum.
Crucially the implementation of the neWreurrictilum in¢ludes an extensive, long-term,
programme aimed at developing tedchers. North and Scheiber (2008) describe the
co-operation between Stats SA and the Departmeént of Education that started with
a group of teachers attending the Sixth Intermational Conference on Teaching
Statistics (ICOTS) in Cape Town i 2002, continuing through the 57th Session of
the International Statistical Institute ta Durban in 2009, where the ISIbalo project
allowed a large number of teachérSiandsstudents to engage with experts in statistical
education from across theworld to continug to develop their expertise and range of
knowledge. See North and Scheiber, in this,book, for more details of the role played
by some statistical offices in helpingsdevelop statistics education.

4.2 Assessing People’s Statistical Literacy

Assessment is d major driver in education systems: the assessment of statistical
thinking in the United Kdngdom is rather shallow, and the assessment of statistical
literacy is essentially'mon-existent, so there are few incentives for teachers in the
United Kiggdom sehool education system to spend time devising authentic tasks
based on reakldata (See Garfield & Franklin, in this book for a fuller discussion of
agsessment 1ssues)fIndeed, in many assessment items in the high stakes examinations
taken byfallistudents at the end of compulsory education (General Certificate of
Seécondary Education) in the United Kingdom, data were used with no context
attached, or with no use made of the context at all. Moreover, there were instances
in which'asing contextual reasoning would lead to an incorrect answer (‘incorrect’
in the sense of not agreeing with the published solution of the examiner) (Nicholson,
Ridgway, & McCusker, 2009).
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Watson and Callingham (2003) have done some work on developing a questionnaire
to assess statistical literacy and a hierarchy of statistical literacy. However, there are
two areas of interest that they do not address, namely reasoning with mof€ €emplex
data and the use of Information and Communications Technology (ICT) to reason
from evidence. Both of these areas are increasingly important because’of theyimpact
new technologies are having on the way information is handled.

Schield has looked at people’s capacity for critical thinking using data (e.g.
Schield 2000, 2006) and at Simpson’s paradox and the role of confeunding factors
(e.g., Schield & Burnham, 2003). The fundamental distinction between’designed
experiments and observational studies is critical in underétanding what can (or
should) be inferred from a data analysis, and what can ofisiould notbe inferred, yet
these areas are under-represented in the literature_on statistical literacy. There is
additionally a large literature on the problems that'students and adults have with
simple concepts, such as interpreting static twe _diniensional graphs, and tabular
information (e.g., Batanero, Godino, Vallecillos, Green, & Holmes, 1994; see also
Chaps. 20-26). One might predict that workinggwith multivariate data would be
impossible for people with no statistical training. However, empirical explorations
(e.g., Ridgway, McCusker, & Nicholson»2006) ‘showsthat computer-based three
dimensional variable tasks are no moré¢ difficult for 12—14 year olds than are two
dimensional paper-based tasks. Du/Feu (2005) ha$ shown that much younger
children can work meaningfully with“multivariate’ data displays that they have
created in the form of tactile graphs built from LEGO® bricks.

4.3 Improving Teachers’fStatistical Literacy

Teachers often come from men-quantitative backgrounds, and so do not feel
confident using quantitative ' methodss Statistics is about making sense of numerical
information in context, aid the confidence that teachers have in their capacity to
convey this to students\ean’ be greatly enhanced by well-documented resources.
Paradoxically, itfmay, be easiefito work in more cognitively complex contexts, with
real data, where interesting stories are found, than to work with materials which use
no context for data,(Ridgway et al., 2006).

Biehler (2008) identifies tensions in the training of mathematics teachers who
will teach statistiesywithifl mathematics which stem from the differences in the two
disciplines (see Burrill'& Biehler, this book). Pre-service training of teachers has to
accommodate elassroom practice, general theories of learning, and much more, so
there is verydlimited scope for developing subject knowledge and pedagogic content
knowledge associated with statistical literacy. We urgently need to find ways of
providing effective in-service training through engaging teachers in meaningful
online collaborations in this area. The creation of dynamic interfaces that facilitate
interaction with multivariate data offers exciting opportunities for statistics
educationfor both students and teachers, but also poses a number of challenges to
our understandings as educators. In the next section a case study using appropriate
materials is described.
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5 Using New Technologies to Enhance Statistical Literacy:
A Case Study

In the previous sections we have suggested how new curricula can b

development project that explored the use of multivariate data
new technology offers in developing teachers’ confiden
literacy is briefly described below. A fuller description can nd in Ridgway,
Nicholson, and McCusker (2008), where teachers identi dal retation as
the biggest problem area within the statistics curriculu that pupils struggle
with it, and found it difficult to help pupils.

Eight schools took part in a study that explored 1 r-old students’ ability
to reason with multlvarlate data (students i
sexually transmitted
gs. The data represent
population data from sexual health clini
Health Protection Agency (the intera

{

Disease Information

Syphilis 1400
[infectious syphilis)
(primary & secondary) 1200
Gonorrhoea

(uncomplicated) 1000
Chlamydia
[genital chiamydia infection]

(uncomplicated)’]

Herpes
[genital herpes]
(first attack)]
Warts
[genital warts]
(first attack)

Data from the Heakh Protection Agency - HP (UK)

||__MIM1IM|M|F||

||Ch¥ia|Gowrhm| Syphilis || Herpes |  Warts |‘

Fig. 30.1 Rates of new Chlamydia infections in 2004
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www.dur.ac.uk/smart.centre). The dependent variable is the rate (per 100,000) of
new infections of a number of STIs between 2000 and 2004 for males and females
in a number of age groups. The interface allows the user to drag and drep the
position of the four explanatory variables. In Fig. 30.1, Age Range is shownon thé
x-axis, with separate displays for males and females. Specific values‘on twe other
variables (Year and STI) are selected via sliders (in the example, the“S77 is
Chlamydia, and the Year is 2004). The sliders can be used fo change values
dynamically. For example, trends over time can be observed by sliding ‘along the
Year variable.

The relationships within these data are more complex thah“anything pupils have
previously encountered, so building confidence in\th€ir ability to describe
relationships is important. Students quickly got used to\swappingjthe positions of
the variable labels for Sex, Age Range, and Year,andyused these explorations to
build up a clear picture of the relationships in the datd."Changes,in the incidence of
Chlamydia over time (explored by dragging the Yeéar slider‘back and forth) drew
out some interesting differences (in the peak ineidencéyef S7Is in different age
groups of males and females) and some interesting similarities (the scale of the
problem increases dramatically for both gteups over aishort period of time). Other
conjectures about some aspects of the data.could be explored by reconfiguring the
display. In the configuration shown i Fig. 30, moving the slider over Year gives
the impression that there has been 4 steady increase in rates for all age groups of
girls between 2000 and 2004. When the“Sex and Year variable positions are
interchanged so that all the data about Chlamydia infections in girls in successive
years can be seen together, the imipression can be confirmed — growth in the
incidence of Chlamydia is roughly linear for all age groups.

An important remark is that stafiStiessand graphs will show relationships between
variables, but do not proyide explanations as to why they exist. Some causal
statements are obviously wrong when the data is inconsistent with what would
happen if the reasoning were true; but' being consistent with the data is not sufficient
to assure causality. Thesetmiaterials provide many opportunities for teachers to
explore alternative plausible/explanations beyond cause and effect for relationships
that are evident @n'the data, and fo identify scenarios that are inconsistent with the
story told by the data.¥Fhis is an area where teachers have previously reported
feeling very insecuse, and‘they could feel more comfortable with it when using these
materials precisgly because the data are complex and the context rich enough to
support multiple\plausiblé causal explanations.

Classroom.observations (Ridgway et al., 2008) provided evidence that 12—14 year
olds acrosg(the‘attainment range can engage with and understand complex messages
in multivariate data. This gives grounds for optimism about the possibility of
developing statisti€al literacy in schools, and in the adult population. Teachers with
weak backgrounds in mathematics (and little knowledge of statistics) were able to
uselthese materials effectively in class. To be sure, they did not use the language of
‘variables’ and ‘interactions’ but were able to facilitate engagement and good pupil
insights into the data. In later interviews, teachers reported that pupils were able to
make sense of the relationships in the data, including describing interactions



J. Ridgway et al.

between factors and, crucially, teachers felt much more comfortable in dealing with
the relationships in the data in these materials than they do normally when

discussing quantitative data.

The level of communication of statistical ideas was reported to be muc
than in normal mathematics lessons. Students who, before hand, h ch
less forthcoming in talking about the data they met in traditio at tics

courses were prepared to talk about these real, important, conte

®
6 Next Steps in Developing Statistical Lit@
cul

Fundamental change to classroom practice in :& i requires careful
management. If there is a major restructuring of'the cﬁias in South Africa
and in New Zealand) then official documents; supg materials, assessment items
and teacher education initiatives are likely to prg 3 rent framework within
which that change can be accomplished. %

In many countries, key agencies su ces are keen to promote
statistical literacy, and can provide contem resources to support teachers

Reasoning with multivariate data,is a key aspect of statistical literacy that has
received little attention in mosy cu

in our conception of stati
evidence that pupils can

1I-scale classroom trials give us clear
ly with multivariate data, and that

Developing new statistical content knowledge with secondary school

. In C. Batanero, G. Burrill, C. Reading, & A. Rossman (2008).

., Reading, C., & Rossman, A. (Eds.). (2008). Joint ICMI/IASE Study:

¢ §in School Mathematics. Challenges for Teaching and Teacher Education.
of the ICMI Study 18 and 2008 IASE Round Table Conference. Monterrey,

ational Commission on Mathematical Instruction and International Association

Education. Online: www.stat.auckland.ac.nz/~iase/publications

dino, J. D., Vallecillos, A., Green, D., & Holmes, P. (1994). Errors and difficulties

in un anding elementary statistical concepts. International Journal of Mathematical

Education in Science and Technology, 25(4), 527-547.



30 Developing Statistical Literacy

Biehler, R. (2008). From statistical literacy to fundamental ideas in mathematics: How can we bridge
the tension in order to support teachers of statistics. In C. Batanero, G. Burrill, C. Reading, &
A. Rossman (2008).

Carmichael, C., Callingham, R., Watson, J., & Hay, 1. (2009). Factors influencing the

du Feu, C. (2005). Bluebells and bias, stitchwort and statistics. Teaching St

Gal, 1. (2002). Adult statistical literacy: Meanings, components,.ponsi rnational
Statistical Review, 70(1), 1-25.

Gal, I. & Murray S.T. (2011) Diversity in users’ statistical litera ormation needs:
Institutional and educational implications. Statistical Journa al Association
for Official Statistics, 27(3,4), 185-196.

Giovannini, E. (2007). Dynamic graphics: Turning key indic Proceedings of the
56th Session of the International Statistical Institute, Lisbon, P . Voorburg, The Netherlands:
International Statistical Institute. Online: www.stat.auckla

Grunewald, W., & Mittag, H. J. (2006). The use of advar
European data on earnings to the citizen. In A. Rossm
the Seventh International Conference on Teachi
International Statistical Institute and Intermati
Online: www.stat.auckland.ac.nz/~iase/pu

Moore, D. S. (1998). Statistics among thef'li . Mournal of the American Statistical
Association, 93(444), 1253-1259.

Nicholson, J., Ridgway, J., & McCusker:
Teaching Statistics, 28(1), 2-9.

Nicholson, J., Ridgway, J., & McCusker, S. (2009). On all step for a pupil — one giant leap for
citizens. In P. Murphy (Ed.), Proceedings of the‘International Association for Statistics
Education Satellite Conference, NextfSteps in Statistics Education. Durban SA: International
Association for Statistical Education. Online: www.stat.auckland.ac.nz/~iase/publications

North, D., & Scheiber, J. (2008). Introx tics at school level in South Africa: The crucial role
played by the national statistics in-service teachers. In C. Batanero, G. Burrill,
C. Reading, & A. Rossman

North, D., & Zewotir, T. (200

ance (Eds.), Proceedings of
Salvador, Bahia, Brazil:
for Statistical Education.

easoping with data — time for a rethink?

tics at school level in South Africa. In A.
Rossman & B. Chance (Eds.), ings of the Seventh International Conference on
Teaching Statistics. Salv hia, Brazil: International Statistical Institute and International
Association for Statistic cation. Online: www.stat.auckland.ac.nz/~iase/publications

OECD (2007). Ist I decl line: www.oecd.org/dataoecd/14/46/38883774.pdf

Radermacher, W. (2007, of the world by having fun with statistics. Proceedings of
the International itute 56th Session. Lisbon, Portugal: International Statistical
Institute. Online; > land.ac.nz/~iase/publications

Nicholson, J. (2006). Reasoning with evidence — Development of a

he 32nd Annual Conference of the International Association for
Educational Ass ingapore. Online: www.iaea2006.seab.gov.sg/

Ridgway, J. n, J. R, & McCusker, S. (2007a). Teaching statistics — despite its
applicati

assessment, curriculum and public understanding. Proceedings of the

Statistical Institute 56th Session. Lisbon, Portugal: International Statistical

e: www.stat.auckland.ac.nz/~iase/publications

Ison, J.R., & McCusker, S. (2008). Reconceptualising ‘statistics’ and ‘education’.

ro, G. Burrill, C. Reading, & A. Rossman (2008).

Sanchez, J. (Ed.). (2008). Government statistical offices and statistical literacy. Los Angeles, CA:
International Statistical Literacy Project. Online: www.stat.auckland.ac.nz/~iase/islp/



J. Ridgway et al.

Schield, M. (2000). Statistical literacy: Describing and comparing rates and percentages.
Proceedings of the 2000 American Statistical Association Section on Statistical Education (pp.
76-81). Alexandria, VA: American Statistical Association. Online: www,
pdf/2000SchieldASA.pdf

Schield, M. (2006). Presenting confounding and standardization graphically. ST
Fall 2006. 14-18. Alexandria, VA: American Statistical Association.

Schield, M., & Burnham, T. (2003). Confounder-induced spuriosity and reye
conditions for binary data using a non-interactive model. Proceedings of
Statistical Association Section on Statistical Education (pp. 3690-3697
American Statistical Association. Online: www.StatLit.org/pdf/’ Schie

Townsend, M. (2007). Statistics Canada’s learning resources:
Proceedings of the International Statistical Institute 56th S
International Statistical Institute. Online: www.stat.auckland.

Wallman, K. K. (1993). Enhancing statistical literacy: Enrichi
American Statistical Society, 88, 1-8.

Watson, J. M., & Callingham, R. (2003). Statistical literacy:
Statistics Education Research Journal, 2(2), 3-46. i

Wessels, H. (2008). Statistics in the South African s
teacher training. In C. Batanero, G. Burrill, C. Readi

or educators.
isbon, Portugal:
ations

. Journal of the

erarchical construct.
kland.ac.nz/serj/
ontent, assessment and



Chapter 31

Developing Teachers’ Statistical Thinking

Maxine Pfannkuch and Dani Ben-Zvi Q
Abstract In this chapter learning experiences’a achers‘need in order to
develop their ability to think and reason statistical ibed. It is argued
that teacher courses should be designed arou e _major themes: developing
understanding of key statistical concepts; deve ability to explore and

learn from data; developing statistical argument formative assessment;
and learning to understand students’ re ing.

1 Introduction

The recent plethora of research in's

prominent statisticians on the n i
have led to a paradigm
paradigm shift evolved mai
and promulgation of the c
underpinning statistics (e,g
and exploration of these '@
that emphasise lorato

conceptual underst

istics education as well as articles by some
o reform teaching approaches in statistics
tualisation of statistics teaching. This
y developments and the identification
tatistical thinking and the “big ideas”
90; Wild & Pfannkuch, 1999). The explication
esearchers have contributed to teaching approaches
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s and curricula that aim to develop students’ reasoning,
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thinking and literacy (Ben-Zvi & Garfield, 2004; Garfield & Ben-Zvi, 2008).
Furthermore, innovative software such as TinkerPlots (Konold & Miller, 2005)
and Fathom (Key Curriculum Press, 2006) are cementing in technologymas an
integral part of teaching, learning and reasoning processes. In additien, statistics
and statistical reasoning are becoming part of the mainstream school/curriéulum in
many countries.

Consequently, many teachers, whose experience is mainly groupdedindescriptive
statistics, are challenged by recent approaches and guidelines foristatistics teaching
and learning (e.g., Franklin et al., 2005) and curricula for studentsi(e.g% Ministry
of Education, 2007). Such huge shifts in teaching approaches and,thinking about
the nature, role and purpose of statistics require teachép€ducators to design and
implement courses that will develop teachers’ statistical|thinking.

Based on the assumption that to develop an effectivesteacherof statistics a course
devoted entirely to statistics education is essential/ this €hapter proposes some
fundamental learning experiences for teachers in order to deyelop their statistical
thinking. It is also assumed that teachers need”totacquire not only statistical
knowledge but also professional knowledge to teaeh statistics, and that an effective
and positive learning environment can dévelop in‘teachers a deep and meaningful
understanding of statistics and ability t0 think and«eason statistically.

2 Fundamental Course Components

Based on the work of Shulman (1986) and Ball, Thames, and Phelps (2008) it is
posited that a course should havelthreenmain goals. The first goal is to develop and
improve teachers’ understanding“of statistics, since it is generally acknowledged
that they lack statistical knowdedge, good statistical thinking and points of view that
are now required by new cugriculay(e.3., deOliveira et al., 2008). The second goal is
to enable teachers to undegstand the'prior knowledge, beliefs and reasoning prevalent
in their students, the value in Jistening carefully to their students’ emerging reasoning
processes and how to build‘and scaffold students’ conceptions. The third goal is to
facilitate teachers” ufiderstanding of how curricula, technology and sequences of
instructional activities‘build,students’ concepts across the year levels.

There are curfently some courses around the world that are focused on the
preparation of teachers of statistics at different educational levels; some of them
help teachers developitheir statistical thinking. For example, Garfield and Ben-Zvi
(2009) desefibédycourses that are intended to help pre-service and in-service
teachers understand\and appreciate the importance of statistics as well as develop
them. into competent and effective teachers. They view the classroom as a “statistical
r€asoninglearning environment” in which teachers develop a deep and meaningful
undesstanding)of statistics and help students to develop their ability to think and
reason statistically. Other teacher training courses use different theoretical stances
but essentially provide similar learning environments for students to develop
their statistical thinking. For example, Godino, Batanero, Roa, and Wilhelmi (2008)
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described how they designed activities for teachers by paying attention to six
components of pedagogical content knowledge, which assist in exposing and
developing students’ statistical reasoning. Sanchez and Blancarte (20
other hand, used Wild and Pfannkuch’s (1999) statistical thinking
centrepiece to design statistical experiences for their teachers.
Whatever the theoretical stance these various courses use, some basi

of instructional design are evident and are similar to those descri obb and
McClain (2004). In cognisance of these principles and goals pre teacher
education, five major interrelated themes are suggested f‘ e of which

is discussed below:

Developing the understanding of key statistical conc
Developing the ability to explore and learn fro'ata,

Developing statistical argumentation;
Using formative assessment; and
Understanding students’ reasoning.

2.1 Developing Understanding/of Key ical Concepts

M S

To help teachers understand statistiCs conceptual level, the focus of the
course should be on developing understand1 more relevant ideas of statistics
and the interconnections among them rather than presenting statistics as a set of
tools and procedures. The developnient of these ideas should not only be within a
curriculum level but across curriculumilevels in order for teachers to appreciate how
concepts can be built up over ti ig ideas include but are not limited to data,

patterns in data, variabili tributio inference (see Burrill & Biehler, this
book as well as different rs in P I that describe research on teachers’

understanding of some of thes Teacher educators should involve teachers in
activities to develop thes pts and the interrelationship among them and provide
research readings on the amental ideas, some of which are discussed below.

Data. At the VQ

tistics is recognising that the main purpose of
collecting and investi ta is to learn more about real situations and that data-
based evidence eeded for making decisions and evaluating information.
However, the soundnesshof such learning and judgements about real situations
ng data generation, data analysis and the types of
an be drawn from data. Data generation includes understanding,
% capture and translate notions such as prompt service into data

ected, how to capture measurements that are relevant to the problem
3 to design methods of collecting data that avoid bias and
error. Some examples of research on students’ reasoning about data
been conducted by Konold and Higgins (2003) and Lehrer and
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Patterns in data. Looking for patterns in data is akin to attempting to unlock the
story hidden within the data. Reasoning from data plots requires the ability to notice,
decode, assess and judge the messages inherent in the plot (see alsofGoénzilez,
Espinel, & Ainley, this book). Part of the decoding will include finding of centres
and looking for correlation/regression. To interpret messages in data/teachess need
to understand, for example, the idea of a centre of a distribution as.a “signal’in a
noisy process”, that the relationship between two quantitative varjables:may vary in
a predictable way, and that a perceived pattern may be due to ‘ramdom ‘yariation.
Engel, Sedlmeier, and Worn (2008) believe that if teachersiperceive data as’a mixture
of signal and noise they will acquire an important statistical thinKing skill (see also
Engel & Sedlmeier, this book). But seeking patterns in\data also involves learning
that different types of representation, including re-categorisation of data, reveal
different aspects of the story within the data and from ghese representations a story
can be synthesised (Shaughnessy & Pfannkuch, 2002). Forthemmore, the interpretation
of patterns in data requires recognition of the importance of contextual knowledge;
“what patterns mean, and indeed, whether they pean afything at all, depends on
context” (Cobb, 2007, p. 338). The building of students’ ¢oncepts of centre, spread
and association should be highlighted,/Wwith teachersgbeing cognisant of some
examples of the extended research ingthese topics, for example, the research of
Mokros and Russell (1995) on the idéa, of |centre and representativeness, Moritz
(2004) on reasoning about covariation and Kenold/and Pollatsek (2002) on signal
and noise. Other research in these topics are'summarised in Chaps. 21 and 25.

Variability. Variability is omnipresent throughout the statistical enquiry cycle and
is fundamental to statistical thinking (Moore, 1990). In fact, “statistical problem
solving and decision-making depénd onunderstanding, explaining, and quantifying
the variability in the data” (Franklin‘et:al.}, 2005, p. 6). Teachers need to learn about
how to deal with many sourees$ of variation fherent in data and how to use variation
ideas to design investigations. Variation ideas'include measurement variability, natural
variability, induced variability, sampling variability and chance variability from
sampling or from random assignment to groups in experiments (Franklin
et al., 2005). Apart from €ensidering and understanding variation at a meta-level
teachers need to knoWphow to'interpret and teach the different variability measures
used in statistics such as rangey interquartile range, standard deviation and correlation
coefficient. Recegnt research on students’ understanding of variability includes
Ben-Zvi and Garfield (2004), Shaughnessy (2007), Canada (2008) and Sanchez and
Garcia (2008) (see als@'Sanchez, Borim, & Coutinho, this book).

Distribution. According to Wild (2006) distributions are “a fundamental component
of statisticalyreasoning” (p. 22), since “statisticians look at variation through a
leas™which isidistribution” (p. 11). Learning to reason from distributions includes
the following understandings: A set of data may be examined and explored
asian entity (a distribution) rather than as a set of individual cases; a graph of
these (quantitative) data can be summarised in terms of shape, centre or trend, and
spread; visually examining distributions is an important and necessary part of data
analysis; distributions may be formed from sets of individual data values, sets of
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possible values for a random variable or from summary statistics such as means
(e.g., sampling distribution of sample means) and probability distributions allow us
to make traditional formal statistical inferences (see Reading & Canada, this'beok).

From the student perspective teachers need to learn how students will intuitively
represent data and how they as teachers can scaffold students™tQ €ensider
other representations, which will allow them to learn more from the data. However,
this is not always easy for the students (see Gonzalez, Espingl, & Ainley, this
book). For example, Konold and Higgins (2003) demonstrate howastudents can be
scaffolded from their intuitive individual case bar plots to dot plots, while Bakker
and Gravemeijer (2004) explain how students can make the transitien from dot plot
to box plot. Some readings that can be given to teachers toyunderstand their students’
reasoning about distributions would be about shifting students} intuitive focus
on individual cases to a consideration of the global distribution'(e.g., Ben-Zvi &
Arcavi, 2001).

Inference. “Statistical inference moves beyond the'datayn hand to draw conclusions
about some wider universe, taking into account that variation is everywhere and the
conclusions are uncertain” (Moore, 2007, p. xxviii). Bhat i8, a “big idea” of statistics
is for people to understand that much of statistical*work involves taking random
samples and using them to make estifnatesyor decisions about the populations or
processes from which they are drawn ofpgenerated (see Harradine, Batanero, &
Rossman, this book). Recent research suggestsythat developing informal types of
inferential reasoning across the curriculum might be essential for building students’
concepts about statistical inference (e.g., Pratt & Ainley, 2008).

Concepts such as samples and sampling underpin inference. Groth and Bergner
(2005) demonstrate that teachersthavetimpoverished metaphors for the concept of
a sample and suggest that teacher‘educators need to design learning pathways
that enhance teachers’ knowlédge of samples. They also need to take into account
students’ conceptual developmentyof sampling reasoning, which includes notions of
a sample, sampling methods, sample’size and randomness (Watson, 2006). Linked
to the notion of a sample are the sample distribution, population and population
distribution, all ofswhich sheulddbe understood.

Teachers also“nged, to“experience visually sampling variability of sample
distributions with the“same, and different sample sizes for both qualitative and
quantitative datal_Wild, Pfannkuch, Regan, and Horton (2011) have recently
developed someways ofibuilding students’ concepts of sampling variability and
proposed some inforimal decision rules for making a claim when comparing two
groups usingiboxyplots. These rules progressively get more sophisticated across
grade levels and"'work towards an understanding of statistical inference including
simple versions,of/ significance testing and confidence intervals. In response to
@obb’s (2007) call for statistics teachers to place the logic of inference rather than
the netmal distribution at the heart of introductory and secondary school courses,
Ressman and/Chance (see statweb.calpoly.edu/csi), for example, are promoting
currica dnvolving resampling methods such as randomisation and permutation
tests as inference techniques rather than normal-based probability models.
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In summary, developing understanding of at least the five key statistical
concepts — data, patterns in data, distribution, variability and inference — form the
foundation for improving teachers’ statistical thinking. The concept§ dre, best
developed within an interactive inquiry-based learning environment.

2.2 Developing the Ability to Explore and Learn from Data

Since data are at the heart of statistical work, courses should‘use, real (or realistic)
and motivating data as the focus for statistical learning \Teachers‘cambeé challenged
to explore and learn from data in ways similar to the ways their students will explore
data (Godino et al., 2008). Experiencing the whol@empirieal énquiry cycle from
understanding the contextual situation, formulating problems, defining variables,
determining methods of measurement, designingdmethods of‘datascollection, collecting
data, and so forth, is a fundamental learning experiénce (Sanchez & Blancarte,
2008; Garfield & Ben-Zvi, 2009; Hall, this fook):“Both sample survey and
experimental processes of enquiry should be understeod,

Intrinsic to the process of enquiry is gxperiencing the’exploration of multivariate
data sets. Learning to be a data detéctivéyby wondering whether some factors
might explain differences between fwo gretips or whether there is a relationship
between two variables is part of learning théygame of statistics. The emphasis
should be on teachers posing their own questions about the data, interrogating
the data and learning new informatjon about the real world from the data. Use of
technology such as TinkerPlots canquickly enculturate teachers into unlocking
stories in data (Rubin & Hammierman, 2006). An important aspect of teacher
courses should be exposing them‘tora range of technological tools (e.g., graphics
calculators, simulation software, Web applets) that can be used to explore and
simulate data, test conjectures bysanalysing data, model situations and help develop
understanding of abstract,concepts. Teachers, however, should be challenged to
discuss how and why su¢h technology enhances students’ learning (see Pratt, Davies,
& Connor, this beok).

By experiencing sehool-type investigations and sharing with other teachers the
problems they encounter and what they learn from the investigations, teachers may
appreciate how theip students might interact with similar investigations. Also they
should become {aware of\good sorts of data that can be accessed on the Internet,
such as the databasesiof the CensusAtSchool project (www.censusatschool.com),
and datasetsfofithe Consortium for the Advancement of Undergraduate Statistics
Education((CAUSE; www.causeweb.org/); see also Hall, in this book.

kearning tolexplore and learn from data within an enquiry cycle and experiencing
aCtivities_that aim to build concepts underpinning statistical thought (e.g., least
Squar€s regression concept) are vital for improving teachers’ reasoning from
data.'Presentipg findings, including justifying inferences and conclusions, to other
teachersgisgdlso part of the statistics learning process, particularly in developing
skills in statistical argumentation.
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2.3 Developing Statistical Argumentation

Argumentation in general refers to discourse for persuasion, logical (preofjyand
evidence-based belief, and more generally, discussion in which disagrfeements and
reasoning are presented and critiqued (Kirschner, Buckingham Shum, & Carr, 2003).
Contemporary argumentation research has shifted in focus, callingdéffaunove from
formal grammatical structures towards socio-cultural perspectives (Andriessen,
2006). In these new forms of argument, the goal is to engage othersSyin generative
inquiry — seeking collaborative construction of knowledge /and, inviting critique.
Statistical inference is closely related to these argumentative activities. Deriving
logical conclusions from data — whether formally or informally — is a¢companied by
the need to provide persuasive arguments based ongdata analysis'indan inquiry-based
environment. Ben-Zvi (2006) has found that argumentation is a natural tool for
students’ articulation of informal statistical inférénces.

Abelson (1995) proposes two essential dimensionsyto informal argumentation:
(a) the act or process of deriving logical conclasions“from data (inference), and
(b) providing persuasive arguments based on the datalanalysis (rhetoric and narrative).
However, the skills of argumentation afe typically not part of statistics taught in
school. Instead, the teaching of statistics ignores the argumentative, give-and-take
nature of statistical claims. As a copsequence, Students tend to develop their own
characteristic misperceptions of statistics:

Therefore, another important goal for teacher courses is to develop an
appreciation for the value of classroom statistical discourse and argumentation.
This is different from teachers asking questions and students responding. The kind
of discourse promoted is dialoge where students learn to question each other,
respond to each other’s questions‘as well as defend their answers and data-based
arguments. Cobb and McElain (2004) describe the characteristics of effective
classroom discourse in which statistical arguments explain why the way in which
the data have been organised gives rise to insights into the phenomenon under
investigation; students gngage in sustained exchanges that focus on significant
statistical ideas gleacheriéducators need to model how to create a classroom
climate where teachérs, feel'safe expressing their views, even if they are tentative.
Allowing question$ that begin with “what do you think”, “why do you think”, or
“what would happen if” can lead to good class discussions. Such an approach
develops an argumentation culture in which teachers expect inferences to be
evaluated, motivatingithem to make linkages explicit.

TeachersgShould be aware of studies in multiple disciplines that report the
widespread,, difficulty students have with argument, including confusing personal
beliefs with evidence, inadequate sampling, jumping to conclusions, difficulties
efpressing uncertainties in data, reinterpreting data with causal explanations that
contradict scientific principles and not connecting questions and evidence (Driver,
Newton, & Osborne, 2000). In statistics, evidence must be considered in ways that are
valid statistically — attending to sampling, variability, suitable measures in comparing
groups and' context. Argumentation, however, can be improved with substantial
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experience and support (Driver et al., 2000), but requires going beyond simply
explaining thinking to focus on shared intellectual substance, sustained dialogue,
chains of reasoning and a classroom culture of inquiry. Essential to sup and
developing teachers’ argumentation is giving them ongoing feedback'du
learning process, that is, formative assessment.

2.4 Formative Assessment o e
Assessment is an integral part of teaching statistics a

Franklin, this book). Over the past decades calls for alte

leve Garfield &

orms of assessment

have led to increased use of assessment to prov. edb students and to
d

improve student learning, rather than merely,_ to summative measures
of achievement. Some countries such as th ite of America have
hat primarily assess
computational skills and factual knowledge. uch teachers need to
become knowledgeable about alternati
formative information useful for guidi

and Ben-Zvi (2009) had teachers lear

ing. For example, Garfield
ojects as a form of authentic

value what the teacher assesse re, assessments need to be aligned with
learning goals and teachers s essed in their course using alternative
methods. For example, tea
develop a class lesson plan,
a Web resource that the
and explain why. Teach
for students ai at

Teachers can imple e
and discuss it during o

2.5 Und Students’ Reasoning

ink would be a good tool to promote student learning

also be asked to work in a group to design an activity
g reasoning about one central statistical idea.
1vity in their class, collect assessment data and share
e course lessons.

ries that teachers plan for their students need to be built on a
ing of the types of intuitions, prior knowledge and conceptions
expect their students to exhibit. By reading research on students’

readings as'a starting point, teachers can also be challenged to argue why and how
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an activity enhances and develops students’ statistical reasoning. Another method
is to involve teachers in research projects that focus on studying and analysing
students’ emerging statistical reasoning and argumentation skills (@arfield &
Ben-Zvi, 2009). Alternatively teachers can deliberately analyse their own students’
reasoning from assessment tasks, interviews and monitoring student feedback
while teaching.

By critically reflecting on and taking notice of how their students‘areithinking,
together with reading research, teachers can begin to build up a €eherent body of
knowledge on students’ understanding of statistical concepgs. and how” they can
scaffold naive conceptions to more normative ones. Withouththis knowledge,
teachers will continue to blindly follow the designated cumsiculum and use resources
that have no regard to how students think. The outcome 1s‘thatistudents’ thinking is
not developed, a finding that Watson (2006) concludedsrom hermany longitudinal
studies of students’ statistical reasoning. Her main h{pethesis for such a situation
was the method of instruction. Whilst the methed 6f,instruction is a major factor,
overcoming such a challenge will involve both imprevingyteachers’ understanding
of students’ thinking and improving teachers’ thinking. Therefore, teacher educators
need not only to build teachers’ statistical conceptspbut also to make teachers
aware of how students’ conceptual undérstanding may develop. Research described
in different chapters in this book has¥feundithat teachers’ thinking is not much
different from students and hence the onus is,0n teacher educators to link, for the
teachers, how they are thinking to the ways 1 which students think.

3 Implications for Researélrand Training the Teachers

In this chapter, learning experiénces)that teachers need in order to develop their
ability to think and reason statistically'were proposed. We described a comprehensive
learning environment that gs designed around five major themes: developing
understanding ofgkey statiStical{concepts; developing the ability to explore and
learn from data; deyéleping statistical argumentation; using formative assessment
and learning to understandystudents’ reasoning.

The main implication of this proposal to develop teachers’ statistical thinking
and conceptual {understandings is that there also needs to be a paradigm shift in
teacher education, AWStatistics course developed along the lines suggested is
essential if geachess are to be enculturated into a new conceptualisation of statistics
teaching. {feachers need to be immersed in a statistical reasoning and learning
enviconment ifpwhich a spirit of enquiry is at its heart. Learning statistical reasoning
through _engaging in EDA, using technology, practising argumentation and
reflecting on tesearch will assist teachers in not only developing their statistical
thinking but also their students’ thinking. However, further research and research
instrumentssare needed for ascertaining whether the type of course proposed in this
chapter is effective in developing teachers’ statistical thinking.
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Chapter 32
Engaging Teachers and Students with Re

Data: Benefits and Challenges
0O

~N

Abstract Using real data in statistics education,) S sl ant benefits for
both teachers and students. In this chapter, considerdti by teachers when
using real data are explored with regard to stude ag nd learning, as well
as potential pedagogical issues. To address these gestions for obtaining
and using real data are offered, as is the descripti fia successful example of
a primary data collection project — Ce e chapter concludes by
considering the use of real data in the tfaini hers, and extends the example
of Census at School to explore Can i
elementary teachers.

Jennifer Hall

1 Introduction

In many countries, statisti only recently been introduced into the elementary
and secondary school cu . For i nce, in the United States, Franklin
(2000) suggests that the incl statistics within the K-12 curriculum was
instigated by the Natio il of Teachers of Mathematics’ Curriculum and
Evaluation Standards f ool Mathematics (1989). Discussions about successful
methods for tez. st nd preparing teachers to teach statistics at the
school level do n a long-standing history, with the exception of a few
countries (Shau

In part due
education at th
often extra
chapter i

sy, .
this relative lack of discussion on training teachers in statistics
vel, findings from mathematics education research are
tistics. However, as argued in the Gattuso and Ottaviani
, although mathematics and statistics share many similarities
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as academic disciplines, they are not completely analogous. While mathematics,
particularly at advanced levels, is sometimes viewed as deterministic and
hierarchical in nature (Makar & Confrey, 2003), statistics is not accurately'os fully
portrayed by such a description. Rather, statistics differs from maghematiestin
that it is highly context-specific (Shaughnessy, 2007); there are many ‘pessible
interpretations and outcomes rather than one answer. Furthermore, the applications
of statistics tend to be wider-ranging than those of mathematics, ds statistics can be
incorporated into a greater variety of subject areas. Indeed, Cobb ‘aiid Moore (1997)
posit that statistics “exists not for itself but rather to offer other fieldsyof study a
coherent set of ideas and tools for dealing with data” (p. 801).

However, teachers often teach statistics in a similar manmnér to mathematics, which
is thus not well-suited to the unique nature of statistics (Makar & Confrey, 2003;
Meletiou-Mavrotheris & Stylianou, 2003; Meletiou=Maysotheris, Paparistodemou, &
Stylianou, 2009). Some authors (Lajoie & Romberg, 1998; Begg & Edwards, 1999;
Shaughnessy, 2007) suggest that this may be“attributed to“teachers’ lack of both
content (subject area) knowledge and pedagogieal ‘content knowledge, a special
domain of content knowledge that “embodies the aspects af content most germane
to its teachability ... the ways of representing and formulating the subject that make
it comprehensible to others” (Shulman, 1986, p. 9). Eurthermore, elementary teachers
have been found to tend to teach statisti€s,in a Vecy rule-bound, disconnected manner
due to their inexperience and discomfortwith the subject area (Chick & Pierce, 2008).
As a consequence of experiencing statistics‘taught in a decontextualised manner,
students tend to become disengaged and lack conceptual understanding (Connor,
Davies, & Holmes, 2006).

In this chapter, it is argued that the,use of real and meaningful data in statistics
education can help both teachefSmand students obtain fundamental statistical
understandings and skills, and increase theinengagement with the subject area. First,
benefits and challenges are ‘considered regaiding the use of real data in the teaching
and learning of statistics at the K<12level. The choice of primary data versus secondary
data is analysed, and links"qQ feliable websites of secondary data are provided. Then,
an example of a primaryydata collection programme for elementary and secondary
students, Censusat) School, is'described. Next, the discussion turns to how real data
may be used in the tpaining,of teachers, and the Canadian example of Census at School
professional developmentworkshops for elementary teachers is explored.

2 Using Real Data: Considerations

Many benefits and challenges exist that are unique to teaching and learning
statistics with real data, including student engagement, knowledge gained by
students when working with real data, interdisciplinarity, and precautions in using
real datagAdthough the considerations are outlined with regard to teaching students,
most issues can also be extrapolated to teachers’ own learning about statistics.
Teachers are “also learners and their understanding of content and pedagogy is
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powerfully influenced by their own experiences as students” (Stoddart, Connell,
Stofflett, & Peck, 1993, p. 229).

2.1 Student Engagement

Engaging students in statistics is one of the most imiortant % f using

real data. Too often, data presented in textbooks are decontextualis seen as
irrelevant to students’ lives (Connor, 2002). Real data, p those that are

both collected and analysed by students, take on a who dim n of interest
and relevance. However, not all real data have the sa 1 to ‘'students, so it
is essential to use data that are relevant to studei interes students cannot
connect to the dataset and problem being investigated, sible engagement is
lost and there is little more benefit obtained ere w be using synthetic
data. McNab, Moss, Woodruff, and Nason (200 est obtaining input from

students when selecting a dataset or problem t gate, in order to increase
students’ interest in statistical explor. . Wt are about the students

Furthermore, when statistical explota
gain deep statistical understandings, and
(Bingham, 2010).

releyant, students become engaged,
positive about the subject area

2.2  What Students Lear; Working with Real Data

When students participate
to “real” statistical issu

i at lection and analysis, they are exposed

at arely encountered with prepared synthetic
datasets from textbook: e issues include, but are not limited to, dealing with
different types ive, quantitative, ordinal, etc.), defining variables

ata i
and categories ﬁi if1 , dealing with reliability and validity issues in
measurement, design ionnaires or experiments, screening data, and dealing

with outliers.

Designing questionnaijres, experiments, and other means of data collection is an
important facet tistical investigation cycle, which consists of problem-
plan-data-an conclusion (Wild & Pfannkuch, 1999). However, when students

use provid % om textbooks, they typically only participate in the last two
e e —tanalysing data and making conclusions.

ay collect their own data using pre-made data collection instruments

uestionnaires), but their statistical understandings and skills become

e design of a data collection instrument or experiment. For instance,

Connor et al. (2006) had elementary students collect real data through an experiment
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in which they investigated “how the accuracy of rolling marbles varies with
age, throwing hand, gender, and distance from the target” (p. 190). The students
were asked to make predictions about the outcome of the experimesit prior to
conducting it. Not only were the students engaged in undertaking thesexperiment,
they were also very insightful about how the experimental design and/contéxt could
affect the data.

If students collect data from their classmates, the sample sizefmay-be'too small
to illustrate certain statistical concepts, such as the normal distribution. However,
this problem can be used as a springboard into discussions, about sample size,
distributions, and other related issues. Students can hypothésise about differences
that may occur with the data in a larger sample sizejpand compare their class
findings to a larger sample, such as a national-leyel datasetyThe key benefit of
having students use their own class set of primary ‘dataer secondary data regarding
a familiar topic is that they can more easily sundeftake hypothesis testing and
data exploration because they have a firm/undesstanding of the dataset, and
they are better able to logically explain their findifigs. Fox,example, Turner (2006)
had elementary students collect their own classidata viaithe United Kingdom’s
CensusAtSchool questionnaire and analyseit using'.computer software. The students
were able to quickly distinguish via computer graphical displays when they had
made errors in data entry. The studentsifelt confidentabout challenging what they
perceived as problems in the data and the'data handlipg methods since they had a firm
understanding of the dataset itself, having cellecteéd data about their own lives.

2.3 Interdisciplinarity: The Example of Social Justice

Another benefit of using \real,data is the opportunity for interdisciplinary, or
cross-curricular, learning opportunities (Nicholson, Ridgway, & McCusker, 2006;
Ridgway, Nicholson, & MecCusker, 2007). Using real data related to other subject
areas (e.g., environmentahsttidies) geography, social studies, health, history) allows
students to not only garner anfinderstanding of current (or historical) issues in that
subject area, but algo réquires the use of statistical techniques to analyse the data
and draw conclusiens.

An example is the topic’of social justice. Lesser (2007) argues that “tools used
to identify statistieal group differences can help people recognise, analyse or
address socialinequalities” (p. 2). Statistical investigations into social justice issues
can cause students to question and challenge existing societal norms and structures.
Certainly, \explorations of social justice issues can only be done with real data;
typically, secondary data are used in such investigations.

Somefcommonly explored topics include wealth distribution, racial profiling,
and® gentrification, as well as relationships between health conditions and
socioeconomic status and between incarceration rates and ethnicity. For instance,
Makar and Confrey (2004, 2007) worked with pre-service teachers to have them
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determine if a large-scale testing system was fair and valid for all students by
making comparisons across student subgroups (e.g., gender, racial, economic).
Makar and Confrey (2007) found that “strong personal engagement withfth&equity
topic was a potent motivator for them to use more sophisticated statistical toolstin
their inquiry” (p. 489). Similarly, Campos, Wodewotzki, Jacobini, and Lémbardo
(2010) found that college and university students became highly engaged in
statistics projects that focused on critical education topics, as they felt personally
invested in the social problems analysed.

In teaching statistics for social justice (TSSJ), consideration should'b€ made of
the politicised nature of definitions for group membership (e/g., they‘poverty line”),
one of many issues related to the uncertainty and contéxt-specificity of statistics.
As with any real data, it is imperative to select a topic thatwillhinterest and engage
students. Teachers may use community-level data og data related to a current
societal issue to meet this goal. Using real datazn TSSJallows for cross-curricular
teaching and learning opportunities (e.g., students,may write letters to public
officials or create petitions based on their statistical'findings) and has the possibility
to effect real change in society.

2.4 Precautions in Using Réal Data

A common issue raised about using real data, particularly primary data, is that it is
too time-consuming. Although collecting and using primary data does take a
significant amount of time, partjculagly if students undergo the entire statistical
investigation cycle of problem-plaf=data-analysis-conclusion (Wild & Pfannkuch,
1999), it allows students te,leasn many skills and fully experience the related nature
of statistical processes. As such, a large peition of the statistics curriculum may be
covered, making this practice i factgvery efficient (Catley, 2007).

Secondary data can e rapidly and efficiently obtained from various online
sources, such as nationalystatistical agencies’ websites. However, not all students
and teachers haye accessto computers with Internet access. Even in schools with
computer labs, it is oftemchallenging to be able to book a sufficient amount of time
to complete the data collection from websites. Furthermore, some schools may not
have printing fagilities that allow for students to work with hard copies of the data,
if their computet time isiminimal. The process of obtaining online data sometimes
involves following“a‘lengthy step-by-step procedure, which can lead to student
disengagementandyrustration before they even see the data. Additionally, data that
are_obtainedyenlinemay not be provided in formats that easily download into data
analysis softwareiprograms, which can cause further frustration. Therefore, in order
fo maintaindstudent interest in statistical investigations, it is imperative to use
websites that'are student-friendly in their interface and provide data in a manner
that 1s easy tg'access and use. Some examples of such websites are provided in the
following'section.
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3 Obtaining Real Data

Although teachers may be interested in using real data in their statisti

section offers suggestions for obtaining real data, both primary a ary, and
section

When teachers design tasks for teaching statistics, ed to consider whether
primary data or secondary data are more as well as which type of data
(e.g., continuous, discrete, numeric, i quired. Primary data are
particularly useful when a teacher w about data collection and
data management techniques, such uestionnaire and conduct data
screening. Primary data could also be col eans of experiments (science or
otherwise), which would further allow for opportunity for cross-curricular
learning.

If a large dataset is required, se

ary data are usually a more appropriate and
efficient choice. With access t ernet being far more prevalent than ever
before, it is now simpler ndly for students to retrieve online data
from their homes or schoo udents take an active role in retrieving online data,

as opposed to a more passi e in retrieving textbook data, the latter
of which tends to disinte stu s (Connor et al., 2006). In many countries,
national and provincia @ agencies (e.g., public health offices, ministries of
education) provide,data @ e;t0 the public at no cost. Furthermore, data available

online are frequen
provided in textboo
published and 1

so they are much more relevant than the data
become outdated shortly after the textbook is

asets of interest. For example, the Journal of Statistics Education
a data archive (www.amstat.org/publications/jse/) that includes

television, smoking, sports, the lottery, and politics. Similarly, the Data and Story



32 Engaging Teachers and Students with Real Data

Library (DASL) offers a large archive of data files and related stories (lib.stat.
cmu.edu/DASLY/) that can be helpful in demonstrating basic statistical practices.
Furthermore, most countries’ national statistical offices provide some ddtasets that
are freely accessible to students and teachers. International organisationssalso providé
statistical data on topical issues that are of interest to students and/teachers. For
instance, the United Nations Statistical Databases website (unstats.un.org/) offers a
vast array of international statistics on such topics as population demographics,
disabilities, service trade, and oil. Related, the United Nations Edueational, Scientific
and Cultural Organisation (UNESCO) Institute for Statistics, websitestwww.uis.
unesco.org) provides international longitudinal data on educatien, science and
technology, culture, literacy, and communication. Other intérnational erganisations,
such as the World Trade Organisation (stat.wto.org/)<and,thg World Health
Organisation (www.who.int/), also offer vast statistical databases that are easily
accessible by students and teachers.

3.3 The Example of Census at SchooliimCanada

A successful international example Ofya primary data collection programme for
elementary and secondary school students is Census at School, which is conducted in
Australia, Canada, Ireland, Japan, New Zealand, South Africa, the United Kingdom,
and the United States of America (www.censusatschool.com). Although there is
international co-operation and therglare many similarities among the countries that
participate, each country operates its €ensus at School programme differently.

For instance, in Canada, thig pfogramme consists of an in-class online survey
(available at www.censusatschool.ca in English or www.recensementecole.ca in
French) wherein students anonymously enter data about their lives. There are two
versions of the questionnaire, one for Grade 4-8 students (ages 8—13) and one for
Grade 9-12 students (ages 14-18), in order to have age-appropriate questions.
The questionnaire covers,a/broad range of school subjects, such as mathematics,
health, environmental studi€s] and social studies, and is thus cross-curricular.
The questionnaire Alsohfeatures questions on out-of-school topics, such as eye
colour and methods, of communication with friends. The questionnaire results in
both discrete agld continuous numeric data and discrete categorical data through
such questions asithe number of languages spoken, favourite school subject, and
recycling practices, plusmeasurements of arm span, height, and wrist circumference.
Students efiter‘their data anonymously into the national database, and the class
dataset subsequently becomes available to download into a spreadsheet or statistical
software progranm

Furthér toythe benefits offered by the primary data collection aspect of Census
apiSehool, the programme also offers a wealth of secondary data, so that comparisons
may be drawn between datasets. For instance, the Canadian Census at School
website offers annual summary results (percentages or means), both by province/
territory and by the country as a whole. Students may compare their class dataset
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to the provincial/territorial or national data, and in doing so, will also use important
number sense skills, such as calculations involving fractions and percentages.
Furthermore, large Census at School datasets may be retrieved fro
participating countries through a random data selector (rds.censusatsc
A teacher who has conducted the Census at School questionnair
class may retrieve a dataset from another participating country, a
the students draw comparisons between the two datasets. Ma
comparisons using real data is a rich learning opportunity for st
in making statistical inferences about two populations and learnin
from around the world.

4 Training Teachers in the Use of Rez’)N

As has been shown, using real data with stud has the potential to offer
significant benefits, such as increased student and opportunities for
rich statistical learning, although some cautions e been made about potential
obstacles. In this section, the related topic of trainingteachers in the use of real data
is discussed, again highlighting som allenges. The section begins
with a brief review of studies in w ers were trained through the use of
real data and concludes with a discussi anadian example of Census at
School elementary teacher professional devel nt workshops, which involve the
collection and analysis of primary data.

4.1 Related Studies

Many researchers have rec
education goes beyond
helping teachers to obta

at the value of using real data in statistics
-12 students; it is also highly beneficial in
1 understandings and an appreciation of statistics
as a discipline. ‘ X mbalvo and Gattuso (2008) conducted research
with pre-service te ho created lessons using real data about postal services.
Although the pre-servi hers did not collect the data themselves, they were
very engaged a the applicability of the data. The researchers concluded that
the pre-service alised the importance of statistics, particularly statistical
reasoning, t o ing with real data. Similarly, Visnovska and Cobb (2010)
worked wi e-school mathematics teachers in professional development
ned 5 years. Over time, the teachers developed increasingly
tandings of the value of using significant and relevant problem
ching statistics, both in terms of improving their own instructional
gaging students.

n anotheg/research project, Chick and Pierce (2008) asked pre-service teachers

mentary-level statistics lesson plans using real data on local water storage
levels. Although the lesson plans were very hands-on and active, the statistical
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thinking required by the lessons was very shallow in nature. Chick and Pierce
suggest that this may be linked to the pre-service teachers’ lack of pedagogical
content knowledge and ambivalent feelings towards statistics. Although réal data
has great potential to engage both teachers and students, lessons involving itS
use are not guaranteed to have depth in terms of statistical concept$ and¥eontent.
When training teachers about using real data, one must ensure that they aretrained
in how to use it in a meaningful, statistically rich manner, which(is linked to their
pedagogical content knowledge.

4.2 Canadian Census at School Professional
Development Workshops

Statistics Canada employs regional education/outréach representatives around the
country to conduct free professional developmentiwoskshops about Statistics
Canada’s educational resources with both practising and pre-service teachers. Since
its inception in 1996, Statistics Canada’s gducation‘outieach programme has trained
more than 30,000 teachers, approximately 10% of«Canada’s current K-12 teaching
population. One workshop involves elementaryateachers participating in the Census
at School survey as though they were a‘classyof students, and then analysing their
class dataset using TinkerPlots™ software (Kenold & Miller, 2005).

During the workshops, the Statistics Canada representative shares tips and
techniques for conducting the Cengus at School project, in order to help teachers
successfully undertake the project with their classes. Although explicit pointers are
given, teacher workshop participantSimake some of the mistakes that children make,
but these mistakes can turn into valuable learning opportunities. For instance,
the questionnaire asks parficipants to measure their arm span. Measuring tapes
are taped together at the '100=empmark, but participants (and children) often
forget to add 100 cm tosthe fiumber they read (e.g., an arm span of 55 cm instead
of 155 cm would be recorded). When the class dataset is displayed in graphical
form, these errofieously recorded data points are easily spotted by participants. This
can lead to discussigns fiet only about the importance of checking data for accuracy
before entering itginto a.database, but also about outliers. Discussions about
when outliers are feasible responses as opposed to simply data entry errors can be
enlightening leatning opportunities, the likes of which do not typically occur with
prepared datasets.

Importantly;thelworkshops purposely do not include any type of pre- or post-test
to assess teachers™|statistical knowledge. Rather, the workshops are intended to
provide a stress-frée, non-threatening, fun experience with statistical exploration
for teach@rshwho may have previously had negative experiences with the subject
areda. However, through participating in a workshop in the role of a student, teachers
increase theif own understandings of data collection, statistical analysis, and
statistical‘software programs. In relation to this issue, Makar and Confrey (2004)
suggest that teachers need to personally experience learning through innovative
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practices before they can implement them with students. Prior research by Hall
(2008) on Statistics Canada’s teacher workshops aligns with this suggestion.
Workshop participants felt that they gained an understanding of statis ics
and technology, plus had fun with statistics; for many teachers, this
positive experience with the subject area. When teachers experie
statistical explorations using real data, they can easily envision ho eir
would benefit from such an experience, and are more apt to, nt these
strategies in their classrooms. .

5 Implications for Teaching and Training er

®
In this chapter, the benefits and challenges of msi the teaching and
learning of statistics have been discussed, both onte classroom teaching
and teacher training. Real data can engage s nd teachers, help them
to develop statistical understandings, and p terdisciplinary learning
opportunities, such as the investigatio ocia issues. Although some
issues exist in using real data, such llenges, locating relevant datasets and
issues surrounding time constraints,
that using real data offers. If our go
become statistically literate citizens who ¢ stand and assess the plethora of
statistical information that exists in everyday life, we need to teach statistics in a
contextualised, relevant manner, ich includes the use of real data. As pithily
stated by Watkins, Scheaffer, and Colb (2004, p. vii), “If you have pretend data,
you can only pretend to analys
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Chapter 33

Teaching Teachers to Teach Statistical
Investigations Q

Katie Makar and Jill Fielding-Wells

Abstract Despite its importance for the discipline,.e isti estigation cycle
is given little attention in schools. Teachers face enges in teaching
statistical inquiry, with elements unfamiliar to classrooms: Coping
with uncertainty, encouraging debate and competifig gtations, and supporting
student collaboration. This chapter highlights wa %’» er educators to support
teachers’ learning to teach statistical in
used to formulate recommendations t ers’ proficiency in this area.

1 Introduction

Wild (1994) defined statistics as an inqliry process “‘concerned with finding out about
the real world by collecting, an ing sense of, data” (p. 164). Despite calls
for more emphasis on the\nvgstigative proeess (Moore, 1997), the focus in school
statistics continues to be on i dures, and graphs (Sorto, 2006). Some
countries now include statistic ry or investigations (implicitly or explicitly)
in their national curricu curriculum standards (e.g., see National Council of
Teachers of Mathemati TM], 2000; Davies, 2007; New Zealand Ministry of
Education, 200‘4 iculum, Assessment and Reporting Authority,
2009), but it is u the extent to which schools in these countries have
successfully imp istical investigations.

Little research has focused on the whole inquiry process (Lavigne & Lajoie, 2007).
Instead, much o rch in statistics education has centred on data analysis,
predominan i -defined problems in which many of the difficult decisions
have been
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This chapter overviews key understandings that teacher educators need to know
in order to develop teachers’ proficiency in teaching statistical inquiry. We focus in
particular on the investigation cycle (see Pfannkuch & Ben-Zvi, this book gfofifurther
discussion of developing teachers’ statistical thinking and MacGillivray, & Pereira
Mendoza, this book for further discussion of teaching statistics through‘projects and
investigations). An example of a statistical investigation in a middle school classroom
is used to illustrate each step of the investigative cycle. Challenges encountered in
teaching investigations are discussed to alert teacher educators tolkey. areas to focus
their work with teachers. Two longitudinal studies are used te highlight"ways that
researchers have approached supporting teachers to develop/this proficiency.

2 What Is a Statistical Investigation?

Wild and Pfannkuch’s (1999) landmark paper desgribed four,dimensions of thinking
used in statistical inquiry of authentic problems: Phases of'the investigative process
[Problem, Plan, Data, Analysis, and Conélusion (PPDAE)], types of thinking used,
ongoing and iterative mental questionigg (interrogating), and dispositions required.
Problems in school statistics are frequently well=structiured, where the planning, data
collection, analysis, and conclusion “are streamlified and unproblematic. Most
problems in life, however, are ill-structured Since the problem definition or
solution pathways have a number of ambiguiti¢s that need to be addressed (King
& Kitchener, 1994). They are sondetimes unresolved with conflicting evidence,
requiring students to consider potentialcauses of the problem, and generate multiple
ideas on how to address it (Walkéfi&aleary, 2008). Ill-structured problems often
require discussion to negotiate which characteristics of a phenomenon can be
measured to address the problem under investigation. For example, if the question
being addressed is, “Which brand ofibubble gum is the best?”, then students will need
to debate qualities valued“in bubble gum that might qualify as “best” and identify
possible measures to capture these qualities. Statistical inquiry situates statistical
investigations within, these complex settings. Below we give a brief example of a
statistical investigationlembedded in a middle school science unit designed to
develop students’ understanding of forces used in flight.

Problem. The driving question for this investigation was “What is the best design
for a loopy aircraft??¥At the beginning of the project, students constructed a loopy
aircraft (mad€bypaftixing a paper loop to each end of a plastic straw). In performing
initial test(flights;‘they immersed themselves in the problem and negotiated how to
define “best” to,address the driving question. They defined “best” as the aircraft
able to fly.the greatest distance. Students also deepened their understanding of the
scienc@ of flight through additional study.

Plan. In the gecond investigation step, students considered factors that could be
altered onithe loopy aircraft. They defined three variations (each) for the width,
length, and placement of loops on the straw, requiring construction of 27 aircraft.
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The students developed measurement protocols and a sampling design that would
reduce unexplained variability and anomalies.

Data Collection. Once data collection was planned, students rec i
distances of 5 flights for each of the 27 aircraft constructed. In revie he ,
the students recognised a need to ‘“clean” the data as measurement en

recorded with a mixture of meters and centimetres.

Data Analysis. When faced with 135 data points, students initially ma perficial
judgments about the best design (such as the single plane e distance).
In discussing this issue, they decided to add the five flig es together to
create a single measure for each aircraft to moderate t fect o malies. The
teacher used this opportunity to introduce the . d TinkerPlots
(Konold & Miller, 2005) to generate distributions ean ces to compare
flights for each variable; for example, the distributi es of the nine planes

with narrow wings could be compared to tho i d wide wings.
Conclusions. Students used means to draw concl bout the most advantageous
width, length, and wing placement. Becau: 3 th, length, and placement

differed from the aircraft that flew the f; udent wondered whether they
had ignored potential interactions betwee iables (a concept students might
encounter in a second university st his raised the opportunity to
initiate a new, more sophisticated PPDA! design modifications to further
improve distance. At the end of the unit, stu wrote a final report articulating
their findings, conclusions, and justifications.

3 Assisting Teache ith Statistical Investigations

By breaking down the P, cycle into its five phases, we draw on the literature
to identify key issues t iderlin teaching statistical investigations.

Problem. The probl 0

investigation question
Research sugge

the driving que
developed for st:

ase is essential in the investigation cycle as the
initial “hook’ and driving focus for the investigation.
t a critical aspect of this phase is for teachers to learn “to use
n to otchestrate a project” (Marx et al., 1994, p. 535). Questions
vestigations need to be:

enging, and relevant (Groves & Doig, 2004). The flight unit
students as it tapped into their interest in paper planes and was
§" competitive nature. The level of cognitive engagement was
, but attainable for middle school students.

The data also offered sufficient complexity to generate interesting results.
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* [ll-structured and ambiguous (Borasi, 1992). Depth of investigation can be
achieved by using questions which are ill-defined as they enable negotiation by
students. For example, “What is the best design for a loopy aircraft?praised
issues such as whether “best” was an aircraft that flew the farthest, theimost
accurately, or spent the longest time airborne, each of which would lead the
investigation into separate statistical areas.

There is significant scope here to assist teachers with the\skills“needed to
develop problems worthy of investigation, or to guide students to doyso (Allmond
& Makar, 2010). One particularly critical aspect is the depthyef knowledge and
experience that teachers need to plan and conduct statistical ‘tavestigations that
develop rich statistical understandings (Arnold, 2008b).

Planning. School statistics often results in studentsgbeing ‘presented with data
manufactured to demonstrate a pre-determined result. Teachers and students
therefore have little experience with the reasoning and decision-making needed for
planning data collection, recording methods, and”appropsiate statistical analyses.
Research suggests that statistical content knowledge is viewed by teachers as the
largest threat to perceptions of their comipetence (Hillsy 2007) and thus suggests
that with better statistical knowledge afid experience, teachers could give students
more support in planning investigations andwmaking essential methodological
decisions (Fielding-Wells, 2010).

Data Collection. Investigations enable students to choose their method of data
collection, providing them with authentic feedback of their planning decisions that
will generate deeper knowledge of methodology and efficiency (Krajcik et al., 1998).
Therefore, it is important to help téachers recognise the deeper learning opportunities
that arise when students are allowed to, face problems and deliberate ways to
resolve issues that arise duting data collectign.

Data Analysis. In most classroomisy data analysis is the entry point of student
learning in statistics. Dafapfesented to students have usually been cleaned and
carefully selected to illustrate the lesson purpose, while in reality, data are more
complex. Issues(that ariseiin Managing complex data can springboard discussions
about treatment of gutliess, errors, and unanticipated results. Allowing students to
represent their ownsdata also @ncourages the process of changing data representations
to reveal alternate msights (Cobb, 1999). While time constraints are a valid concern
for teachers, allowing students to identify errors and inefficiencies and negotiate
alternate activities develops deeper understandings, perseverance, and efficiency.

Conclusion, The<ability to communicate and critique statistical processes is
necessary for the development of statistical literacy (Gal, 2002). In the conclusion
phase, students interpret their results, reflect on the process, and draw critical
inferefices. Afithis time, teachers need to draw upon skilful questioning techniques
and understanding of statistical analyses in order to facilitate students’ reasoning in
connectinggtheir conclusions to the question under investigation and the evidence
they have collected.
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Other Issues. Through participation in the entire PPDAC cycle, students deepen
understandings of the complexity of statistical processes. However, teachers need to
allow students to make their own mistakes and support students in managidg tany of
the challenges that arise. In doing so, they develop students’ resilience and motivation
as they implement plans and actions which result in improved understandingef their
world. As a result, there is necessarily less order in the classroom,that teachers
often find counter-intuitive to teaching, with the noise and shift§ in‘appreaches to
monitoring student behaviour confronting to existing classroom nosms.

4 Challenges in Teaching Statistical Investigations

Developing students’ inquiry skills requires teachers t0 engage students in statistical
inquiry and support them through the investigative éycle. These involved in teacher
education and professional development mustginderstand the nature of these
challenges in order to support and validate teachers?, experiences in learning to teach
statistical inquiry. For example, teachers afestypically frustrated with initial attempts
at implementation (Anderson, 2002). 4There is a danger that ... initial difficulties
with implementation and disappointment with, student performance can lead to
a premature rejection of [these] neéw pedagegies’/(Krajcik et al., 1998, p. 341).
Researchers have identified a number of“issués to consider when supporting
teachers to teach inquiry — in statistics, mathematics, and the sciences:

* Envisioning inquiry. Teachers often have difficulty envisioning inquiry in the
classroom. Providing resourcgs for teachers to use with students, allowing time
to plan and learn collaboratively'with ether teachers, and creating opportunities
to observe students in l€aefiing inquiry (R. Anderson, 2002; J. Anderson, 2005)
will support them to develop this Vision.

* New teaching practicesoLeachers take on new roles when teaching inquiry, often
requiring unfamiliar skills((Crawford, 2000; Arnold, 2008b). These roles highlight
the diversity and complexity«of teaching inquiry, reflecting shifts in the nature
of teacher—studentpinteractions. For example, the teacher takes on the role of
motivator, modéller  ofpinquiry practice, collaborator, and mentor. Teaching
practices are gktended with teachers becoming learners and innovators. Teacher
educators canalert teachers to these new practices and discuss their implications.

* Managing unecertdinties. Teachers need support to manage ambiguities and
limitation§finfapplying mathematical ideas. This will help them develop an ability
in students to recognise the tentativeness of results, dependence on context, and
that outcomes c¢an be continually improved (Borasi, 1992). Experience as
learners,in conducting statistical investigations gives teachers direct experience
inghanaging uncertainties (Makar, 2010).

o« WValidation and support. Emotional support and validation are needed for teachers
to cepegWith new teaching practices, competing time and curricular pressures,
and frustration (Marx et al., 1994). The discomfort and risk-taking needed by
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teachers necessitates non-judgmental observations of their teaching, particularly
in initial attempts (Hills, 2007).

* Creating a classroom culture of inquiry. Teachers need guidance to er a
culture of inquiry in their classroom. Extended time is neededyto
effective student collaborative relationships and to learn to enga ts'in

meaningful discussions (Crawford, Krajcik, & Marx, 1998).
* Content knowledge. Disciplinary knowledge is central to teachers’ ‘a
cope with the unexpected issues endemic to inquiry (Arnold &
educators should embed opportunities to develop tea
in investigations to model how teachers should dev
knowledge.
e Accountability. Support from teacher educators_coup i
or accountability is important for continuing ir‘o en

IS, CO
ents’ content

informal pressure

key, 2002).

5 Experiences in Assisting Teachers
Statistical Investigations

Teaching teachers to incorporate stati
ongoing challenge. Workshops or s

tigations into their classrooms is an
rofessional development programmes
are not sufficient to sustain innovation. In t two sections, we describe two
projects aimed at developing teachers’ practices over time which address many of
the challenges we highlighted above. Both projects engage long-term scaffolds that
assist teachers in adopting the currictilum and pedagogies associated with statistical
investigations. Additionally, the shifting teachers’ epistemological beliefs
about statistics from a set of d calculations, towards statistics as an
investigative data-rich pro of understanding the world. The first project, based
on collaboration among res in th ropean Union, focuses on developing
an online community o support teachers in embracing statistical
investigations (see also letiol-Mavrotheris & Serrado, this book). The second

K
project, based a longitudinal study in Australia, works with teachers both
individually wit ooms and collectively through regular professional
development over sev s to support their move to inquiry-based teaching in
statistics. The e approaches of these projects are used to suggest ways to
develop teachers’proficiency with teaching statistical investigations.

5.1 Th % tatistics (ES) Project

roject was to support teachers’ knowledge of statistical investigations
interactions and six modules that guided them through readings,
ivities, and reflections. The online modules addressed key phases
cal investigation (problem-posing, data collection, data analysis, and
interpretation), initial experiences in teaching statistical investigations, and




33 Teaching Teachers to Teach Investigations

Table 33.1 Iterative stages in EarlyStatistics project

Stage Aim
Initial moment. Preparation before Analysis of: Statistical and probabilistic co;
classroom intervention Official curriculum; Students’ ideas; de
intervention
Experimental moment. During Activity: Plan their own scenario; Impleme
classroom intervention on classroom intervention
Reflection and Assessment moment. Reflect and assess: Statistical and probab content
After classroom intervention developed; Students’ learning o mes; Classroom
dynamics 3

reflections on their learning (EarlyStatistics Consortium,
Paparistodemou, Mavrotheris, & Stav, 2008b).

The EarlyStatistics project design (Meletiou—Mz&
characteristics of effective learning environments 1 ch Council, 2000):
Learning-centred, knowledge-centred, assessmen
It developed key ideas of statistical problem-so he GAISE framework
(Franklin et al., 2005) through increasing evels of problem-posing,
data collection, data analysis, and i a focus throughout on
variability concepts. Statistical tools s inzer, 2005) and TinkerPlots
were central to the work. To supp ds expertise with statistical
investigations, project modules provi s with exemplars, classroom
activities, and reflections (Table 33.1). These ai ies occurred through interactions
with an online community of practice.

With an emphasis on reflection teacher community embedded in experiences
that build teachers’ understandi aching repertoire of key ideas in statistics,
the EarlyStatistics project hi e diverse ways that teachers adapt to
teaching statistical investigations. For example, in their reflections, teachers focused
on the significance of pro ing i Statistics, the difficulties of developing
well-chosen statistical actiyiti portance of creating a classroom environment
that engaged student r,theychallenges of envisioning and implementing
statistical investigations ;

Paparistodemou,&)

5.2 Developing Expertise in Teaching Statistical Inquiry

The aim
confidenc

udy was to understand development of primary teachers’
ent, and expertise as they gained experience with teaching
ive environment. Throughout the study, teachers designed or
ished units and taught three to four inquiry units per year to their
mes of the study produced a model (Makar, 2008) to describe the
chers’ evolving experiences in teaching statistical inquiry over time,
with fo ases to describe common patterns in the teachers’ classroom focus
(Fig. 33.1) that are analysed below.
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Orientation Exploration -" ‘: Consolidation Commitment

. \ ¢

= Envisioning inquiry 5k- Exploring inquiry 5 p = Refining inquiry

()]

> Surviving classroom = Attending to = Improving classroom

O structural challenges classroom structures

8 = Awareness of shiftin n:an;gement = Refocusing on
student-teacher SBUciures student leamning of

> directedness = Experimenting with content - developi

W = Excitement about balance of student- scaffolding

« teacher direction techniques

student engagement
= Aligning inquiry to
required curriculum

Fig. 33.1 A model of learning to teach statistical inquiry

s’ initial experience in
€ inquiry process in a
dle for the teachers in this
rst unit quite difficult as they
rfaced. They often blamed

Orientation cycle. The orientation cycle represe
teaching statistical inquiry. Being abl
classroom setting was by far the most
cycle (Makar, 2010). Teachers typica
wrestled with unexpected learning
themselves for not anticipating outcom an seeing this as the nature of
inquiry. During their initial experiences, it pparent that the teachers’ main
concerns were in envisioning what statistical inquiry is, coming up with an
interesting problem, and engaging, with structural aspects of their classroom
(e.g., group work, eliciting and s student independence). Addressing these
challenges became a focus of t in the next cycle.

ienced what a statistical inquiry looked
lems that had emerged. For example,
ential directions in different phases of the PPDAC
onded to changing classroom management issues
. The teachers continued to find logistical aspects
challenging, like o and coordinating group work, and helping students
develop independence. rowing experience helped them modify their teaching
styles to begin dress, these issues.

Exploration cycle. After th
like in their classrooms, th
they could see a range
investigative cycle an
that arose in ea<.>f he

e next stage, the teachers had developed a “big picture”
in teaching a statistical investigation and worried less about
(e.g., classroom behaviours, logistical issues). They found it

ew interest was emerging to deepen students’ understandings of
1 structuring teaching of more subtle aspects of the inquiry process.

ion-making and providing scaffolding to help their inquiry stay
focused. There was improved interest in supporting student learning, such as
helping students make connections between the question being posed, the data they
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collected, and the conclusions being drawn (Hancock, Kaput, & Goldsmith, 1992;
Fielding-Wells, 2010). The teachers needed to experience this issue firsthand
in their own classrooms to better envision their roles in scaffolding sfudents in
this process. The consolidation cycle occurred after the teachers hadytaught with
inquiry for a year or more and again emphasises the non-trivial nature.oflearning
to teach statistical investigations.

Commitment cycle. After 2 years, some teachers were clearly committed to including
statistical inquiry as a regular part of their teaching, as wellias workingto help other
teachers develop and improve their teaching of inquiry.

6 Implications for Teaching Teachers to Aéach
Statistical Investigations

The process of learning to teach statistical investigations'is'complex. Research has
been clear in the need to develop teachérs’ confideficé with teaching statistical
inquiry, but few opportunities exist for them te_gain this critical experience.
The two projects presented above wereydiverse.in their approaches, but common
elements suggest the following key/charactenistics are needed in teaching teachers
to teach statistical investigations:

1. Statistical content knowledge. Although the EarlyStatistics (ES) project was
more explicit in developing teachers’ statistical content knowledge, both projects
provided opportunities for geachéts to deepen their understandings of the
“big ideas” in statistics — variation, average, sampling, chance, and inference
(Watson, 2006, see also Bufrill & Biehlerjin this book). The ES project developed
these understandings through piofessional reading of statistics education
literature while the DeyelopingExpertise in Teaching Statistical Inquiry project
developed statisticalfunderstandings by addressing concepts as they emerged
within the statistical Investigations teachers’ learned and taught over time.

2. Engaging in statiStical investigations as learners. Opportunities to experience
statistical investigationsyas/earners provide teachers with deeper understandings
of complex sfatistical processes, such as the interrogating of data, modes of
thinking, disposition§ required, uncertainties and ambiguities encountered,
and multiple mtefpretations and decisions made in each phase of a statistical
investigation®These are often new experiences for teachers who are accustomed
to mathematieal) structures and procedures that are more deterministic and
predictabledin their outcomes (see Gattuso & Ottaviani, in this book).

3¢ Learning embedded in teachers’ classrooms. A key success of these projects was
their ability to situate teachers’ learning to teach statistical investigations within
their own classrooms. The EarlyStatistics project supported teachers’ classroom
expesiences remotely, yet engaged their classroom experiences as central to their
learning to teach statistical investigations. They did not just read about statistical
investigations but also implemented a statistical investigation and reflected
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on their teaching. The Developing Expertise in Teaching Statistical Inquiry
project partnered teachers and researchers within the teachers’ classrooms over
a number of years. Researchers played the role of a peer mentor in
teachers’ development. These projects both connected teachers’ le
own schools and maximised opportunities for teachers to transfer:
to their classroom practices.

4. Collaboration. Teacher communities were key contributors to

researchers, the projects supported teacher profession
teachers’ classroom expertise. The validation, collegiali
and experiences, and accountability as part of a le
teachers in addressing challenges they encountered, in their initial
experiences teaching statistical investigations. 3

5. Reflection. Both projects provided teachers

y valued
of resources

opportunities for

reflection on their learning to teach statis in ns. Reflection is a
powerful yet under-utilised tool for deepe arners’ knowledge and
understandings. In the case of statistical inve hese reflections — both
individual and communal — allowe dgnise and attend to key

contributors to their learning and i ed the otential that they would apply

importance of providing ongoing suppo xemplary resources as teachers
develop proficiency in teaching statistical investigations. This requires a shift from
more traditional modes of teachgr learning through workshops or coursework.

Although there were also signj
were conducted, these common
complexities in teachers’ leatni
and come to recognise th
expertise in teaching statisti
of opportunity for impr

ifferences in the way that these two projects
int to the need to be more conscious of the
to teach statistical investigations. If we acknowledge
s of teachers as they develop their
ations over time (Makar, 2008), new windows
research and practice in this area will be provided.
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Chapter 34
Characterising and Developing Teachers’
Knowledge for Teaching Statistics Q

with Technology

Hollylynne S. Lee and Karen F. Hollebrands o c

Abstract Developing the pedagogical expertis’- d t ectively engage
students in learning statistics with technology requi to have a depth of
knowledge about statistics, technological tools oring statistical ideas, and of
pedagogical issues related to teaching and leg istics with technology.
In this chapter, a framework for a specialised knowile 1at is called technological
i d and examples of how
aspects of this type of knowledge may assist a teacher are provided. Implications

for training teachers are described.

1 Introduction

icula promote the use of technology in
E project (Franklin et al., 2005) and
the 2008 Joint ICMI/IAS e call for teachers to have a deeper
understanding of statistics an to use technology tools. Although technologies
are becoming more pre in, classrooms, teachers’ abilities to use these tools
effectively in lessons ds on many factors, including their: (a) statistical
knowledge, (b) .e tan ow to use technology to explore statistical ideas,
and (c) understandi edagogical issues related to teaching statistics. These
factors impact te sions, and will ultimately affect whether the use of
technology willlenhance, or hinder students’ learning of statistics. This chapter
provides a frami t integrates these three factors, a discussion of issues to
consider in deve nowledge for teachers of statistics, and examples of teacher
at appear promising.

Many international organisatio
teaching and learning statisti

C. Batanero, G. Burrill, and C. Reading (eds.), Teaching Statistics in School
Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
DOI 10.1007/978-94-007-1131-0_34, © Springer Science+Business Media B.V. 2011
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1.1 Teachers’ Pedagogical Content Knowledge

Teacher education and research has been greatly influenced by Shulman’s (1986)
pedagogical content knowledge (PCK) as an integration of teachers’ content
understandings with knowledge needed in teaching. For example, Simon (1995)
described important components of a mathematics teaching cyclefthat, inclnde a
teacher’s knowledge of content, activities and representations, stddents*learning of
particular content, and a teacher’s hypotheses about students’ knowledge.

Recently, Hill, Ball, and Schilling (2008) have extended,PCK™to describe
mathematical knowledge needed for teaching, which includes constsucts such as
common content knowledge (content considered to be ‘€commonly Used by many)
and specialised content knowledge (content knowledge ‘neededyin the practice of
teaching). Groth (2007) used these two constructs tofhypothesise what statistical
knowledge might be needed for teaching. In patticular, he ditev upon differences
between mathematics and statistics as fields of study and ways of thinking (delMas,
2004; Rossman, Chance, & Medina, 2006; see alsg Gattuso & Ottaviani, in this book)
and gave examples of specialised knowledge needed that was mathematical and
non-mathematical. For example, identifying diffieulties students may have in
constructing algorithms for generating randem datais mathematical in nature, but
deciding if data collection should includémwandom sampling or random assignment
is a non-mathematical task (see Godino et al.jpand Callingham & Watson, in this
book for other analyses of PCK components).

1.2 Teachers’ Technological Pedagogical
Content Knowledge

The teaching and leagdingyof mathematics and statistics has been greatly
influenced by technology (e.g..,ABen-Zvi, 2000; Chance, Ben-Zvi, Garfield, &
Medina, 2007; Heid, & Blumeé; 2008; Pratt, Connor, & Hunt, this book). Others
have also pondered‘how, technology influences teaching and learning and have
described technological‘ped@gogical content knowledge (TPCK, see Fig. 34.1) as
a type of knowledge needed to effectively use technology to teach specific
content (Koehler'& Mishra, 2005; Niess, 2005, 2006; American Association of
Colleges for Teacher Education Committee on Innovation and Technology, 2008;
Mishra & Koehler)2008).

Niess (2005, 2006) describes four aspects that comprise teachers’” TPCK that
ineldde a foeus'on understanding: (a) how to teach a subject with technology,
(b) instrictional strategies and representations, (c) students’ thinking with
teehnology, and (d) curriculum materials that integrate technology. Niess et al.
(2009) have since recast these four aspects as being specific to mathematics and
have propesed standards and indicators for mathematics teachers’ TPCK. In what
follows, the notion of TPCK specifically for teachers of statistics is described.
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Pedagogical
Content
Knowledge

Technological
Pedagogical
Content
Knowledge

Technological.
Knowledge

Fig. 34.1 Components of technological pedagogical con

2 A TPCK Framework for

Rather than describing each of the seven dis pes of knowledge emphasised in
the TPCK framework (Fig. 34.1), the framework described here focuses on three
important types of knowledge for spgeifying TPCK for the teaching of statistics. Every
aspect of this framework is focus owledge needed in the practice of teaching,
and thus some pedagogical co lended in each aspect of the framework,
albeit not always an exp ocus. The development of teachers’ technological
pedagogical statistical kno TPSK onceptualised as three layered circles
with a foundation focused on t > statistical knowledge (Fig. 34.2).

Thus, a teacher’s stati ledge needed to engage in statistical thinking is the
largest of our “sets.” Thi trates that a teacher’s statistical knowledge and thinking
abilities are paraﬁu or owledge of anything related to pedagogy or the use
of technology in tea istics. The inner-most layer represents elements of TPSK
and is a subset o sets e outer two circles, meaning TPSK is founded on and
developed with teachers’ knowledge in the outer two sets of technological statistical
knowledge (TS istical knowledge (SK). In addition, developing TSK and
SK is essenti ot sufficient for, teachers having the specialised TPSK.

istical Knowledge and Thinking as Foundational

ers, engaging in statistical thinking is a different process than typically
ing and learning mathematics (delMas, 2004; Pfannkuch & Ben-Zvi,
this book; Rossman et al., 2006). Thus, it is important to engage teachers as active
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_.- Statistical Knowledge:

e » Engaging in statistical thinking

Technological Pedagogical
Statistical Knowledge: .

» Understanding students’
learning and thinking of
statistical ideas

» Conception of how technology
tools and representations
support statistical thinking

o Instructional strategies for
developing statistics lessons

with technology

» Critical stance towards :
evaluation and use of curricula nphasis on data exploration
materials for teaching statistical tion of abstract

ideas with technology .
tigations with real data
aborative tools

learners and doers of statistical practices a itly develop an understanding
of and disposition towards statistica. i derstanding of why and how
statistical investigations are conducted i
investigations” (Ben-Zvi & Garfield, 200 ). The remaining five aspects
are adapted from Wild and Pfannkuch (1999)/and build off Pfannkuch’s (2008)
description of how to engage teac in the “game of statistics” (p. 1).

To engage in statistical thinki ers should recognise the need for properly
collected data to examine sit make decisions, rather than relying on
personal experiences or an tal evidence \Ieachers should then be able to engage
in transnumeration (Wild 99) as a process of transforming a
representation between a _rea and a statistical system with the intention of
engendering understand Pfannkuch & Wild, 2004). Thus, teachers should be
able to collect sures esent them meaningfully with graphs and computed
statistical measﬁ, slate their interpretations back to the context.

Statistics is fou fact that variations exist in phenomena and that one
must use non-de dels and explanations to describe such phenomena with
attention to va .8., Moore, 1997; Wild & Pfannkuch, 1999; Ben-Zvi &
sy, 2006). As statistical thinkers, teachers should notice

on statistical models, teachers should be able to focus more on
reasoning, rather than data as individuals (Konold & Higgins, 2003).
ta in the aggregate can allow one to characterise group propensities
that cand de attention to centres, spread, outliers, clusters, intervals, or residuals.
In accord with the notion of active graphing used by Ainley, Nardi, and Pratt (2000),
teachers should not consider a statistical model such as a graph or a measure of
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centre as merely indicating a result of a statistical analysis, but rather as a means to
reason with to tell a bigger story of the phenomenon under study.

It is fundamental to integrate a teacher’s knowledge of a context in afstatistical
investigation. The context of data, and the reason for undertakingsa statistical
investigation, should always influence a teacher’s thinking, choice of/stratégies and
methods, representations, statistical summaries used, and interpretations made.

2.2 Technological Statistical Knowledge

Tools such as graphing calculators, spreadsheets, and statistical packages such as
SPSS, SAS, or Minitab, have become commonpl@ee in manyitertiary and some
secondary contexts. Newer educational technologies such asyFathom, TinkerPlots, and
Probability Explorer are available and allow for dynamic controlyover data — meaning
that as data changes, representations of that data dynamicallyupdate. For example,
in Probability Explorer and Fathom, as data is randomly generated, graphs can be
simultaneously “building” so that variability in'a distribuition can be analysed as
sample size increases. Further, several t00ls allow users'to drag data points within
a graph and notice the effect on tabular representations and measures.

The availability of technologies for today/s work of doing and teaching statistics
calls for attention to what specialised knowledge feachers need about technology
that is particular to statistics (see Pratt, Connor, & Hunt, in this book). Building from
the work of Pea (1987) and Ben-Zvi (2000) provides a useful lens on ways to amplify
or reorganise one’s work with te€hpology. According to Pea, technology tools
are typically used in two different ways: to amplify our abilities to solve problems
or reorganise the way we think“about problems and their solutions. The notion
of amplifier and reorganisémiS used as a lens to consider the five aspects of TSK
adapted from Chance et al. (2007).

The idea of an amplifier. is that'the tool expedites a process that could be
completed without its uSe. Eor example, technology tools can be used to automate
many activities such as, ‘quiekly<Organising data, generating lists of pseudorandom
numbers, computinghmeasures, and generating graphs. By automating the tasks
of computing or generating, graphs, technology affords an opportunity to focus
on conceptual upderstanding and more time to engage in exploratory data analysis
(Konold & Higgins, 2003).

Automation in‘techiiology also facilitates a person’s capability to visualise abstract
concepts andiSefve as a reorganiser, such as taking advantage of dynamic dragging
capabilitiesito illustrate the effect of an outlier on a measure of centre in a univariate
distribution~Threugh dynamic features of dragging, linking of multiple representations,
afid overlaying measures on graphs, technology can be used in ways that extends what
we mdy be'able to do without technology to help reorganise and change a student’s
oriteacher’s statistical conceptions. For example, overlaying statistical measures
such asameahs and regression line on a graphical representation can help change
the way teachers and students conceptualise these measures in relation to a bivariate
distribution, particularly since the statistical measures update as data is changed
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by dragging points in the graph. This visualisation is not possible without
technology and can provide a way of reorganising one’s conceptions of bivariate
distributions.

Technology can be used to view and design simulations that can enhance the'study
of random processes and statistical concepts such as sampling distributions(€hance
et al., 2007). The flexibility of many simulation tools allow for: (a) algorithms and
models to be used to input the properties of a theoretical distribution that would
control the pseudorandom number generation, (b) controlling parameters such as
sample size, and (c) displaying graphs generated in real times A teaché@who uses
technology in their own statistical investigations will have firstzhand knowledge of
the power of using simulations as a pedagogical tool.

Technology also facilitates the use of large messy data sets gathered and accessible
through the Internet (see Hall, in this book). Longstanding projects such as Census
at School and newer projects such as Experiments at School (Connor, Davies, &
Holmes, 2006) demonstrate an advantage of the Internet to gather and access data
of interest to students. Knowing how to gather realydata from.the Internet and how to
transform it into usable data in a particular piece ofisoftwareior downloading it into a
graphing calculator is a useful skill. In addition, teachérsishould develop an ethical
disposition concerning the use of publi¢ data, citing sources, and being wary of data
that has already been transformed by othess withwparticilar agendas. At the same time,
teachers also need to consider characteristicsyef data sets that can be used to bring
different statistical ideas to the fore. For examplejdata sets with a skewed tendency
are typically good for investigating the usefulness of different measures of centre.

Chance et al. (2007) support theduse of technologies such as discussion forums,
Wikis, interactive whiteboards, and selfsassessment software to promote collaboration
and student involvement. Whilg thesestools can help in course management and
engage students in learningandrassessmentywe also support a focus on collaborative
tools for data collection, analysis, and yisualisation. Examples of collaborative tools to
collect or simulate data include'netWwerked graphing calculators (e.g., TI-Navigator™
systems), Experiments ag#Sehool (www.experimentsatschool.ntu.ac.uk) GoogleDocs
spreadsheets (docs.google.com), and networked computing and simulations tools
such as HubNef, which uses'Wetlogo (www.ccl.northwestern.edu/netlogo/). Such
technologies can beusedyto have individuals contribute data from local simulations
to be aggregated asqa class.Collaborative tools can promote a community approach to
generating and afialysing data that can foster both small-group investigations at a local
machine and whole-group discussions to consider the phenomena in an aggregate.

2.3, Techmological Pedagogical Statistical Knowledge

Thegltimate goal in the preparation of teachers of statistics is to develop a specialised
subset of knowledge for teachers representing TPSK (Lee & Hollebrands, 2008a).
This kftewledge encompasses TSK and SK (see Fig. 34.2). While pedagogical
issues and implications may be implicit in aspects of teachers’ SK or their TSK,
pedagogy comes to the fore when considering the particular subset of TPSK.
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TPSK can allow teachers to consider how students think and reason about statistics
with and without technology. This implies that they have the specialised content
knowledge that Groth (2007) hypothesised as particular to statistics teachefs, and that
they are familiar with common ways that students may approach statistigal tasks, Fot
example, teachers should know that students often initially consider datarepfesenting
a characteristic of an individual (e.g., Sally’s height), and have difficulty, viewing data
as an aggregate where they consider the entire distribution (Konold& Higgins, 2003).
They should also know how technology can promote different reasening that may
facilitate a transition to aggregate-based thinking. For example, when¥€xamining
distributions graphically, students can characterise the data with'sueh,ideas as “bins”
(intervals) (Rubin & Hammerman, 2006) and a “modal clump”, that4s,a small range
of data that contains many data points within a data distributiony(Konold & Higgins,
2003), rather than initially focusing on computing statistical measures.

Teachers can also use TPSK to consider how technelogy €an facilitate and support
students’ statistical thinking, and in essence/become designers of a conceptual
space for students to learn powerful ideas (Pratt, 2008). Fon,example, teachers would
know how to use a dynamic statistical tool to highlight a region of data in a distribution,
compute the number and proportion of datamwithin the région, and use this process to
support students’ natural tendencies to déscribe a distribution’s centre using a “modal
clump”, to complement a formal meagtre,of centre. This aspect of TPSK necessarily
encompasses components of teachers/TSK (e.gsautomation of graphs, data exploration,
visualising concepts) and SK (e.g., transnumeration,’consideration of variation).

Teachers are continually planning lessons for sfudents and evaluating and choosing
curricula materials for use in their glassroom. In these contexts, teachers are again
working as designers (Pratt, 2008) and\using TPSK in their daily work. They should
be able to draw upon elements ofitheéinFSK and SK that facilitates an appropriate use
of technology that can positively atfect students’ learning of statistics. For example,
consider a teacher in the midst,of a lesson,0n least squares regression where she
ascertains that her students are having difficulty understanding the concept of
a residual. She uses thefdynamic dragging capabilities in Fathom to provide a
demonstration of the residual plot and how it relates to the position of a moveable
line overlaid on(a scatter ploffi(Fig. 34.3). The teacher uses vertical translations of
the moveable line fo_ illustrate how the residual plot responds if she places the
moveable line entizely abayerall data points. She anticipates this may help students
understand why/the corresponding residuals would have a negative numeric value.

3 Developing Teachers’ TPSK

There is.ampincreasing trend for teacher preparation programmes to include a focus
on,the use of technology for teaching mathematics (e.g., Powers & Blubaugh, 2005)
and'research that suggests that mathematics teachers may struggle in learning how
to use teehmology in their teaching (Zbeik & Hollebrands, 2008; Niess et al., 2009).
Both Niess et al., and Zbiek and Hollebrands propose a model of how mathematics
teachers may develop as technology-using teachers, with early stages including
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playing with the technology and using i i nal use for doing mathematics.
Latter stages include integration of on teachers’ assessment and

The responsibility for developing teacher: K does not only lie with teacher
educators. Mathematicians and statisticians who teach statistical content courses
are very influential, because this igffvhere teachers can develop their SK and TSK
as learners of statistics. Thus, s and textbooks that include the use of

MiniTab, are needed (e.g.,
pedagogy-focused courses
To help develop teachers’
thinking as doers of g
provide opportunities
consider pedag
and Hollebrands (
have similar aj

aterials should engage teachers in statistical
cs, with a variety of technology tools and then
ers’ to reflect on their own learning and to
e work of Graham (2006), Ben-Zvi (2008), Lee
ratt (2008), and Lee, Hollebrands, and Wilson (2010)
cus on the use of technology and pedagogical
and learning statistics.

practice, such as video cases and students’ work, can be helpful
hers in discussions about pedagogical decisions that may affect

ts reason about statistical ideas (Hollebrands, Wilson, & Lee, 2007;
Groth, 2008; Wilson, Lee, & Hollebrands, 2011).
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Table 34.1 Tasks to develop TPSK

Example 1. (Graham, 2006, p. 183)
a. How could you use the simulation possibilities of a graphics calculator to help 1
the statement “a six is hard to get?” Hint: You need to generate a number of dicer
see whether the outcome “6” is under-represented.
b. Some people might claim that the calculator provides a more satisfactory micro
spreadsheet for investigations like these. See what you think after trying thi

Example 2. (Lee, Hollebrands, & Wilson, 2010, p. 114)
Suppose a university gives away token spirit gifts to all incoming f]
randomly choose one of three cards. Each card displays a diffes
decal for a car, t-shirt with college logo.
a. Explain how you would help students use the graphing calcu i is context.
Explicitly describe what the commands represent and how the
the results.
b. Suppose that after conducting the above simulation for 30 fi ing a card, a
student gets a result that a t-shirt was chosen 20% o i udent is surprised
and claims that this proportion is too low from th
be misunderstanding? What are some questions you ¢
could suggest that might help this student?

test

urther simulations you

4 Conclusion

Preparing teachers of statistics to use techno ppropriately in their classrooms
is a difficult and important task. While statistical knowledge is foundational in the
TPSK framework, it is also importafit to engage teachers in opportunities to develop
technological statistical knowledge and TPSK. This implies that the community of
those involved in educating t statistics (e.g., mathematics educators,
statistics educators, mathe’ ians, statisticians) should also have opportunities to
develop their own TPSK a in togethemin efforts to create our next generation
of teachers of statistics.
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Chapter 35
Preparing Teachers Through Case Analys

Randall E. Groth and Shihong Xu

Abstract The aim of this chapter is to discuss.e fuln
as a resource for statistics teacher education. An_orde

f case analysis
nd the discussion,
are introduced, one

of which describes a case discussion among U prospective secondary
mathematics teachers in the Mid-Atlantic United America and the other a
teaching research activity among a gro S ior high school teachers
in Guangzhou, China. The dynamics iscussions from these two different

environments indicated that cases c
pedagogical knowledge, content-
knowledge. Some recommendations for fu
in teacher education are also included.

1 Introduction %

search and use of case analysis

The analysis of practice is a well-established teaching method in
mathematics teacher ed nd can be potentially useful for statistics teacher
education. Through rea d discussing cases, professionals can acquire knowledge
of general princis th while also developing reasoning skills necessary
for navigating co d ambiguous situations (Markovits & Smith, 2008).
Because teaching issa pro n fraught with uncertainty, the case approach to teacher
education has gained momentum during the past two decades (Grossman, 2005).

C. Batanero, G. Burrill, and C. Reading (eds.), Teaching Statistics in School
Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
DOI 10.1007/978-94-007-1131-0_35, © Springer Science+Business Media B.V. 2011
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Teacher educators have embraced the approach in hopes that discourse about specific
cases of practice will help prepare teachers to make sound pedagogical decisions in
complex classroom environments.

Cases that teachers study sometimes come directly from their own,classrooms
or schools, and other times come from more unfamiliar settings. For instance, the
increasingly popular lesson study approach to teacher education, which yolves
planning, acting, observing, and reflecting, relies heavily upon gngaging,teachers
in conversations about lessons from their classroom or_school settings | (Lewis,
2002; Han, 2007; Masami, 2007). One advantage to Suchsan approach is that
teachers’ familiarity with the context of the school can faCilitate,the process of
forming viable solutions to pedagogical dilemmas. Propesed solutions can then be
directly tested with the students who were studied as pant‘of the case. Nonetheless,
cases that come from more unfamiliar settings alsothave,potential value. Such cases
serve the function of exposing prospective and practising téachers to contexts that
would otherwise be inaccessible (Merseth, 1991).

In this chapter the types of discourse that gan“be eatalysed by using cases
of statistics lessons drawn from unfamiliar settings as well as those drawn from
teachers’ own schools are illustrated. Aimthe first éxténded illustration a case
discussion among a group of prospective.secondary mathematics teachers in the
Mid-Atlantic United States is presentéd, (Groth, 2008), and in the second a case
discussion among a group of practisingJuniosHigh/School teachers in Guangzhou,
China (Xu, Yongdong, Bangquan, & Reisheng, 2008) is described. By exploring the
dynamics of case discussions from these two different environments, the types of
discourse statistics teacher educatérs can aim to catalyse as they facilitate case
discussions are being mapped and some conclusions for teachers’ education and
research in statistics teacher educationgare also drawn.

2 Illustration 1: Prespective Teachers Discussing
a Written Teaching Episode

2.1 Background

The first illustratioen describes a discussion that occurred among 15 prospective
secondary mathematics teachers about a written case entitled, “It’s time for a tail”
(Merseth, 2003) during the second semester of a two-semester teaching methods
course sequence. While the course ordinarily met face-to-face, the case discussion
described belowiteok place in an asynchronous discussion board setting as part of an
gutsidesefselass assignment that participants had 7 days to complete. There were no
facesto-face class meetings held during the time period participants completed
the assignment. Guidelines for the assignment specified posting at least four
differentemecssages on 4 different days, and that messages were to be directed
towards analysing the case and conjecturing about its implications for teaching
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practice. The group had completed similar online discussion assignments in the
past (Groth, 2007), so they were already familiar with how to use the technology
provided to host the case discussion. As the case discussion occurred, allfmessages
were captured online and retained for analysis.

2.2 Description of the Case Under Discussion

The case described events transpiring in a classroom wheype a teacher had given
students two tasks involving the statistical ideas of randomness, sampling, and
independence. In the first of the two tasks, Ms. Brady (a psetidonym for the teacher
in the case) told her students that a coin was togsed,and came up “heads” five
consecutive times. Students were asked to predict/the likelihood of obtaining
“heads” on the next toss. In the second task/MshBrady told her students that a
decision needed to be made about which of twoe“basketball players, Dennis or
Michael, should be chosen to take the last shot toytry to win a game. Dennis made
five of every ten shots, on average, but ilad made everydone of his last five shots.
Michael, on the other hand, made seven out of every ten shots, but had missed his
last three shots. Ms. Brady considered the'two tasks to be parallel in terms of
statistical content, and was using the“second task/as an assessment of students’
understanding of the statistical ideas embedded infthe first.

It should be noted that the question of whether or not basketball shots constitute
independent binomial trials, like coin flips, is a point that has been debated in the
literature. Gilovich, Vallone, and Tversky (1985) analysed basketball game data
and found no evidence of positiyeseeselation between the outcomes of successive
shots. They attributed the,comimon beliefithat one successful shot makes the next
shot more likely to be successful to the widespread misconception that even short
random sequences should be représentative of their generating process i.e., belief
in the “law of small numbefs?’ (Tversky & Kahneman, 1971). Larkey, Smith, and
Kadane (1989), on the other’hand, presented data indicating that some players do,
in fact, have improbably‘longsstrings of success in shooting the ball. They argued
that the analysis of Gilowich et al. was overly simplistic in that it analysed isolated
strings of outcomes apart ffofm the context of the games in which they occurred.
Therefore, the case*had g built-in opportunity for prospective teachers to take up a
statistical debate that has occurred among scholars in the field.

The events of the case were portrayed through student work samples, excerpts
from classfoom discourse, and Ms. Brady’s personal reflections on the lesson.
These artefacts illuminated her students’ reasoning about both the tasks they had
beenrgiven. ‘Forithe first task, Ms. Brady’s students struggled with the notion that
flips of ageoin were independent of one another. Some, for example, expressed the
opinion that ai¢oin flip was more likely to produce the result “tail” than “head” after
a sequence of/five heads had occurred. In reasoning about the basketball task, many
studentS"B€lieved that players’ shots were not independent of one another. Some
thought that the player who had missed his previous attempts was more likely to
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finally make a basket, and others thought that the other player was more likely to
make a basket because he was having a good game. Still others felt each player had
the same probability of making the basket, reasoning that the two possiblglotitcomes
(making the basket or missing it) were equally likely.

In addition to providing details about students’ reasoning, the case proyided a
variety of background information about the school setting, students’ behayviour,
and the teacher’s strategies for organising instruction. At the conclusion ofthe case,
several questions were given to spark discussion among prospective, teachers, such
as one item asking what the teacher should do next with’'the class, and another
asking for a judgment about the independence of a player’s shets imbasketball. The
prospective teachers studying the case were asked to takethese items into account
during the case discussion. The resultant discourse centred upen statistical content,
content-specific pedagogy, and content-independent'pedagogy, as described below.

2.3 Statistical Discourse Catalysed by'the Case

There was a substantial amount of discussion among the prospective teachers
about whether or not the content ofthe twontasksypresented in the case were
statistically parallel. As in the scholarly literaturg; some believed that shots of
a basketball constituted independent trials, like flips of a coin, and others did not.
Hence, the case succeeded in generating opposing viewpoints about a controversial
statistical matter.

Although the positions taken by the prospective teachers aligned with those in
the literature, the justifications fofithegpositions at times departed from normative
ones, as some of the justifications involved statistical misconceptions, similar to
those found in other studies invelving prospective teachers (e.g., Batanero, Biehler,
Maxara, Engel, & Vogel, 2005).Elaine (a pseudonym, as are the rest of the
prospective teachers’ napies),)for example, argued that Michael was “due” to make
a basket since he had not made one recently. Her argument indicated a belief in
the law of small(numbers;sin€e€ she expected a short string of outcomes to be more
representative of itsigenerating process. Other prospective teachers argued from
positions groundedyin thelequiprobability bias (Lecoutre, 1992), believing that all
random events dre equally likely to occur. Harold, for example, said that it did not
matter which playeswasshosen to take the winning shot because each player could
produce two different'possible outcomes: success or failure. He assigned the same
probability(to eachhoutcome, even though the case provided different information
about each player’s long-term success percentage. Essentially, some of the same
misconceptions eéxhibited by students in the case were voiced by the prospective
teachersrdisCussing it.

Beliefs about context also played a role in the prospective teachers’ discussions.
Several whogwere familiar with the game of basketball argued that shooting a
basketballiyvas not the same as flipping a coin because one’s confidence is a factor
in the former but not the latter. Elaine, who admitted to being unfamiliar with
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basketball, was one of the two prospective teachers willing to entertain the notion
that coin flips and basketball shots might be somewhat analogous. She stated,

Just as in a coin flip, you may flip a series of tails, but later on you may also fli
of heads. In the long run, a player’s average shot rate will not necessarily be cte
streak shooting.

Stephanie affirmed the possible validity of the analogy Elaine pr quoting
articles from the Internet. However, the position that basketball behave
like coin flips gained no further support. The predominant f(’ rem the idea
that basketball shots could not be independent because o %conﬁdence

e gont

factor. This element of presumed knowledge about e situation

blocked consideration of opposing arguments.

Prospective teachers discussing the gvri so evaluated Ms. Brady’s
pedagogical practices for teaching sto i onjectured that her basketball
and coin flipping tasks were too le
Ivan, for example, stated that the tasks wer
sampling, but that they were too complex to consider together in a single class
period. The conjecture that too many complex tasks were used during the class was
not disputed by any of the participants. There were, however, disagreements about

2.4 Content-Specific Pedagogical
Catalysed by the Case

that when first learning statistical 1 ents should be given examples that are
easier to understand. Kell j t the appropriateness of the task was
challenged by others in th i aire, for example, challenged Kelly’s
idea by stating, “I don’t thi is anything wrong with her examples ... If you
can only use probability but not with dice or lotteries, etc. then you aren’t
really learning t

task, there were co opinions on the task’s pedagogical appropriateness.

2.5 Genera gical Discourse Catalysed by the Case

nt of discussion among the prospective teachers was devoted
s. Brady’s ability to manage the classroom. Several participants
at she needed to change aspects of her classroom management
ample, at one point in the case, Ms. Brady allowed students to select

disruptions. Others conjectured that the teacher should have set clearer expectations
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for behaviour, although the validity of that conjecture was disputed. The occurrence
of several comments about classroom management was somewhat surprising, since
the prospective teachers were not specifically asked to comment on th
the case. The extensive focus on classroom management was likel
by the fact that the discussion participants would soon be responsibl
classrooms. At such a point in one’s academic career, concerns about
enforcing classroom rules and becoming authority figures can amount
(Jones & Vesilind, 1995).

® N
3 Illustration 2: Practising Teachers Discu
an Observed Demonstration Lesso .

The second illustration describes a “t i activity” that involved

3.1 Background

a lesson entitled “the meaning of me.
was presented in Shihong et al. 20

d description of this activity
research activity is a popular

district who created the son plan and then assigned Mr. Li to
conduct a pilot trial of the

research activity was held"a 1or high school with 36 participants,
including the teaching p

ing group, 29 mathematics teachers of the district, and
some researchers. The stration lesson was taught in a class that consisted of
40 students and 'ed fo ifn. Each teaching research activity participant had a
copy of the final wri sson plan. The teaching research activity included a class
observation and post- ection and discussion among the participants. Below

we discuss the rse,catalysed by participants’ observations of the events that
transpired durin demonstration lesson.

e f Tasks and Content for the Lesson

rs put great emphasis on textbooks and teaching reference books.
design originates from textbooks, so making good use of textbooks

and exercises that tried to focus the teaching on the meaning of arithmetic mean
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(the concept is first introduced in primary school), and also on reading data from a
variety of diagrams. However, the teaching preparing group made some adjustments
to the text, such as omitting and modifying exercises and adding new questiens.

The utilisation of problem contexts familiar to students was one teaching strategy
used in Mr. Li’s lesson. Because the teaching research activity was“heldyduring
children’s festival, when children younger than 14-years old can enjoy the day off,
Mr. Li asked his students to collect data of students’ ages and review the method of
calculating the average age. In addition, the school held basketball competitions
between classes the previous week, and Mr. Li’s class obtained good results, so he
used the students’ scores in the basketball competition in an“exet€ise that involved
construction of a bar graph to show the average scoxe of each player in the
competition. The problems set in familiar contexts_captured the students’ attention
and were approved by the observers.

In China, it is common for teachers to modify thé examples and exercises in a
textbook, and to stratify exercises according/to students’ learning ability. Mr. Li
used these strategies in his teaching design and practice.)For instance, the contexts
of some examples in the textbook were replaced Wwith others relating to the students
in Mr. Li’s class, the school, and Guangzhou localiinférmation. After new material
had been taught, students were given s¢veral exercises that were divided into three
categories. Each category was desighéd, to |besaccessible to students at different
levels of understanding. These methodsialsowere well received by the observers.

In order to finish every part of the lessoniplafi, Mr. Li went 4 min beyond the
typical duration of class to explain the solution to an exercise, check a group of
problems, and synthesise the lessod. Most observers disagreed with this decision,
arguing that 4 min was not an ,adequate amount of time because a number of
concepts in the lesson still ngededpelarification and students appeared not to
concentrate due to the fasgexplanation. Additionally, a few teachers suggested that
numerical calculations could be reduced jn,8ome tasks to give students more time
for interpretive activities.

The possibility of in€luding more tasks involving the process of statistical
investigation was discussed as well. Because most schools in the district use
only half of the{tiime providéd to teach statistics, and mathematics teachers who
teach statistics lackistatistical background, few teachers address the design of
statistical investigations‘with their students. Although some teachers proposed
that Mr. Li’s lgsson sheuld have included more activities like data collection,
data presentation,jand_sO on, most observers felt that it was difficult to present a
complete statisticaltnvestigation process in the lesson. Nonetheless, the researchers
attending the activity suggested that some examples, such as collecting data of
students’ age,or scores of basketball competition, could be redesigned to involve
statistieal investigations. A few teachers argued that using class time to address
anothergmathematics topic would be more desirable than using time for statistical
investigation. These teachers felt that focusing on the mean alone was not enough
and suggested introducing the weighted mean as well, believing that students
could learn both concepts in one lesson. This view, however, was not shared by all
the participants.
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3.3 Teaching Strategies

Teaching strategies beyond those involving selection of tasks and conte
considered and debated by participants. In the demonstration lesson,

well-designed worksheet, use of group discussion, and the teacher’
concluding remarks after giving the students some time for indg
After discussion, the observers reached agreement orgur ge
(a) providing an appropriate worksheet can help students conc

as they solve tasks and contribute to the efficiency of a lesso
lesson structure can promote students’ systematic thin
before providing explanations can prompt stud
the problems they are given, and (d) using a projector

ting a clear
ing problems

ents’ solutions to
e others’ thoughts
Theleffective use of the
blackboard, projector, and computer in this lesso oticed by the observers
who agreed that writing on the blackboard helped
or was conducive to mutual
learning, and using Excel and PowerPoint e value of technology.

noted that no students asked
their own questions in class. The researc ifig the teaching research activity
concluded that this passivity or lack of cur and the failure to measure or

was spent on providing step-by-step details
thinking. Teachers believed that because
sks given to them by the teacher, they
d had too little time to think and act.

lesson may have been that more ti
than on encouraging students’
the students were so busy fini
lost the initiative to questi

4 Implications fo ture Research and for Teacher

Educatiofiin, St

escribed in this chapter provided venues for both
teachers to deal with problems arising in statistics and
ical dialogue that occurred, where peers challenged one
ations and recommendations, is essential to fostering reflective

teaching p % ampert & Ball, 1998).
afions illuminate three important areas about which cases can

dialogue: statistical content, content-specific pedagogy, and
gy (Table 35.1). These three areas are believed to be foundational to

The two case
pre-service and

with some suggestions for future research.
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Table 35.1 Focal categories and examples of topics from case discussions

lustration 1 lustration 2
Content Randomness Arithmetic mean
Sampling
Independence
Overcoming probability
misconceptions
Problem context
Statistical thinking
Content-specific Problem selection Modifying textbo% S
pedagogy Amount of time spent Teaching the process o iedl
on a problem investigatio
Teachin lc&waching concepts
Teachinge ighte n along with the

an

General pedagogy  Classroom management

4.1 Statistical Content

Since cases of statistics classrooms, by nature} involve statistics problems, they
provide opportunities to develop teachers’ content knowledge. In illustration 1, the
embedded problems involved randemness, sampling, and independence. In
illustration 2, the problems in arithmetic mean. The problems posed
in illustration 1 elicited eptions that occur in reasoning about
stochastic processes. They prospective teachers to apply beliefs
about problem context to their ing context into account is an essential
component of statistica ing, but strong contextual beliefs can also inhibit
individuals from con ng alternative points of view, as occurred in the
prospective teac‘s’ dis f the basketball task. In any event, it is clear that
cases can be used anisms to elicit entrenched misconceptions and to cause
contextual assumptions me to the surface. As these reasoning elements are
revealed, they e challenged by the case moderator and other participants in
the case discuss
of the case method for raising ill-formed ideas to be
ant task for future research is to find ways to develop cases so
misconceptions and contextual beliefs. Illustration 1 merely
e of common reasoning patterns about stochastic processes. Many

es, Langrall, & Mooney, 2007). Problems involving these reasoning
patterns canbe embedded in new cases, and then field-tested with prospective
“Field-testing of cases by researchers can lead to refinements that spark
richer content-oriented conversations. As rich cases are developed, researchers can
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work towards the goal of developing a comprehensive case-based curriculum
that systematically addresses prevalent known patterns of problematic statistical
reasoning. The successful development of such a curriculum would be ve
the field of statistics teacher education, since it would effectively integ
of content with the study of pedagogy rather than artificially separati

4.2 Content-Specific Pedagogy ®

In order for the case method to achieve its full poten discu s of content
should be accompanied by discussions of pedagogy ry) to address the
specific statistical content under consideration. In i , case discussion
should be selected to

additional issues, such as addressing the prog statistical investigation,
focusing on concepts instead of calculations, af bly teaching the weighted

when discussing content-specific pe:
a statistical investigation, teachers on producing viable and defensible
arguments rather than absolute and gen tions to classroom problems.
Case facilitators can help teachers converge onja range of reasonable solutions to
classroom dilemmas that involve portraying content to students, but they should
not expect to obtain complete uniformity. Variability among teachers’ opinions
is desirable insofar as it is pla d on the variability in students’ learning

needs that one may observe agross cla

4.3 General Peda; @

A striking feature i aring the two illustrations is that in the area of general
pedagogy, the prospec achers in illustration 1 expressed more classroom-
management coficerns than'the practising teachers in illustration 2. As with other
i n, conversations about classroom management practices
d negative aspects. One positive aspect is that prospective
unities to vicariously experience problematic situations that may
assrooms in the future. This provides the unique opportunity
ategise solutions to potentially serious classroom problems in a
ed, supportive environment.

posit generic, content-independent solutions for classroom management problems.
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Hence, they needed to be reminded that students’ understanding of content (or lack
thereof) can also strongly influence their willingness to become meaningfully
engaged in a lesson. In contrast, the experienced teachers in illustratio used
on the organisation of the lesson, likely understanding that students’ i
heavily influenced by the pedagogy employed in a lesson.

The prospective teachers’ focus on classroom management i
important question for case writers and researchers: What leve '1 should

be used in producing cases for the purpose of statistics te ducation?
Some advocate for showing an extensive amount of detai by video
recording lessons for case analyses (e.g., McGraw, Lynch, ak, & Brown,
2007) or having teachers observe actual classrooms (e. ewis, ).

The strategy of exposing teachers to a great amount il about a statistics
lesson is supported by illustration 2, since practisig able to attend to
multiple, simultaneously occurring aspects of the , it seems plausible

case described in illustration 1 may have diverted ective teachers’ attention

from making further progress on the discussio t and content-specific
pedagogy. The discussions they had a gogy were likely not as
detailed as those of the practising teachers.because they did not yet have as much
experience dealing with complex clas envitonments. Jones and Vesilind (1995)

found that prospective teachers bega
contributing to classroom management appr y midway through their teaching
experiences. Hence, actual teaching experiencemay be an important pre-requisite
for learning from cases that contdin a great amount of detail. At minimum, it
seems necessary to reject a simplisticimaxim of “the more detail, the better” when
preparing cases for prospective discuss. Future research can focus on the
optimal level of detail foryfostering v. learning objectives related to statistics
teacher education.

e connections among the variables
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Chapter 36

Distance Education of Statistics Teachers

Maria Meletiou-Mavrotheris and Ana Serrado Q
Abstract The affordances offered by modern In,n chn 1es provide new
opportunities for the pre-service and in-servi teachers, making
it possible to overcome the restrictions of shr esources and geographical
locations and to offer, in a cost-effective and ptive way, high quality
learning experiences to geographically dispersed
is the question of how information and i ols made available online

could be exploited effectively to help impr ality and efficiency of teacher
training in statistics education.

1 Introduction

Statistics has been establishe 1 part of school mathematics in many
countries and has been in i instream mathematics curricula without
adequate attention paid t ional development. There is some
evidence of poor understandi insufficient preparation to teach statistical
concepts among both pr ce,and in-service teachers (e.g., Watson, 2001; Chick
& Pierce, 2008). Som hersitend to have weak knowledge of the statistical
concepts and to. th ction on the procedural aspects of statistics, and
not on conceptual ding (Watson, 2001).

s (B)
Sciences, European University Cyprus, 6 Diogenous St.,

C. Batanero, G. Burrill, and C. Reading (eds.), Teaching Statistics in School
Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
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This chapter analyses the possibilities of information and communication tools
made available by modern Internet technologies to improve the quality and
efficiency of teacher pre-service and in-service training in statistics /&duieation.
First, the main pedagogical issues and challenges underlying distance gducation’in
general, and online teacher training in particular are discussed. Then some eéxamples
of programmes that have utilised distance education to offer at-distance teacher
training in statistics education are provided. The chapter congludes with some
implications for distance training of statistics teachers.

2 Distance Education in Statistics: Main Pedagegical
Perspectives and Challenges

Distance education is very broad and encompasses several ‘methods of delivery
(e.g., regular mail, radio, television, Internet){ It is not new, either in general
education or in the field of statistics, butyhas its‘t06ts,in /correspondence courses,
which can be traced back to late ninetegnth century. The advent of the Internet had
a profound impact on distance edu€ationjpwhichiywent through a process of
transformation and adaptation to emerge a§a new method of e-learning, depending
heavily on Information and Communicationlechnelogies (ICT). Distance education
now encompasses a variety of technologies, which support both synchronous and
asynchronous communication. In regent years, we have witnessed a rapid expansion
of distance education worldwide as educational institutions at all levels are
becoming increasingly involvedfin diStance education initiatives. Online course
delivery has become common 4n a“wideWariety of disciplines, including statistics
(Philips, 2003), and this expafsion is likely to continue, given the expanding access
to the Internet and the greater‘emphasis given to lifelong learning.

Several advantages asseeiated with distance education have been identified in the
research literature. Distance/edugation offers flexibility and convenience, allowing
learners to determine their owagplace, pace, time, and content of study. Further, the
distance option mayjallew students the opportunity to take courses from prominent
experts in their field of'studysFrom the viewpoint of statistics education, network-
based training créates somejunique opportunities for enhancing statistics instruction
(Philips, 2003) and several examples of successful programmes of teaching statistics
via distance have been documented in the literature (e.g., Saporta & Bourdeau, 2003;
Evans et alg20075Everson & Garfield, 2008; Dale, 2010).

The Intesnet offets a vast array of tools and resources that can be used for better
undesstanding of, statistical methods and concepts. Interactive Java-applets and
virtual statistical laboratory experiments, for example, allow for visualisation of
statistical ‘concepts and hands-on simulations (Vermeire, Carbonez, Darius, &
Fresen, 2002). Several statistics instructors mention using technological tools and
resourcesgift their online courses. For example, Utts, Sommer, Acredolo, Mabher,
and Matthews (2003) used the online textbook, CyberStats, which contains



36 Distance Education of Statistics Teachers

interactive applications and practice problems. In another example, Everson and
Garfield (2008) used Fathom or SPSS in their undergraduate and graduate online
introductory statistics courses and also introduced students to statisticaldapplets.

Despite the undisputed benefits and proliferation in recent yeass of onliné
professional development programmes, concerns remain about theéir quality, "as
research suggests that the effectiveness of distance education is yariable“(Evans
et al., 2007). While most of the conducted studies indicate that students taking
courses with an online component have similar achievement and'satisfaction levels
compared to students in traditional, face-to-face classrooms'(Fallent=Runfiels et al.,
2006; Mathieson, 2010), there is growing evidence of many-web:based distance
learning courses failing to meet the expectations raised}

Early attempts at Internet-based instruction assumed that setting up an attractive
website with interesting online and multimediatapplicationsiwas adequate for
learning to take place. It is now recognised that, the 1evel of,success of a distance
learning course is determined by multiple factors;, such™as underlying theory,
technologies, teaching strategies, and support foglcarnets. Flements in the design
of a web-based course such as the content and structure of the course, the
presentation of the online materials, And., the ‘amount’ of interaction between
instructors and learners as well as am@ng.learners, are important factors affecting
students’ learning and attitudes (Tudom006)»Another important criterion for the
level of success of network-based Sstatistieal training is the extent to which
instruction allows learners to experience the practice of statistics, and to apply
statistical tools in order to tackle real-life problems (Vermeire et al., 2002).

In addition to the general issues aidd considerations regarding distance education in
statistics, the training of statistics teachers at a distance poses special challenges that
ought to be taken into account whénndesigning an online professional development
programme. These challengesgare discussed briefly in the next section.

3 Distance Education of\Teachers

In recent years, it/hashbeen recognised that teacher training is more effective
in producing real.changes in classroom practices, when promoting continuous,
professional deyelopment opportunities that are cumulative and sustained over the
career of a teacher, (Joubert & Surtherland, 2009). The financial and logistic
difficulties of engaging teachers in face-to-face professional development
opportunities, as Well as the need for professional development which can fit with
teachers’ busy schedules and can draw on powerful resources often not available
loeally; have‘encouraged the creation of online teacher professional development
programimes?

The expansion in the modes of communication enabled by recent advances in
communications and information technologies is revolutionising distance education,
leading te the development of new forms of online professional development
settings, in accord with socio-constructivist views of learning. There is increased
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interest in online communities of practice as vehicles which can promote teacher
learning and development, by enabling geographically dispersed teachers to
exchange ideas with other teachers and acquire support as they try ne
in their classrooms. Online communities of practice are constantly evolvi
forms and styles as they embrace new and evolving technologies (G

However, while online communities proliferate in cyberspace, little i
best practices for their effective design and implementation, and @
of the reasons underlying their success or failure is still at the ini
research highlights several difficulties in building
communities involving shared professional learning (Rou uka 2007).
Consequently, despite the early enthusiasm and enc emen participants,
some online communities of practice fail to progress. Fo e)after examining
28 studies, Zhao and Rop (2001) reported that th litt lusive evidence
to demonstrate the effective use of reflective, onli nities of practice.
Davies and Graff (2005) raised several issues
community sustainability, including barriers aro
lack of time to spend in online discussions.

to an online course has been challe
cognitive tools to support an online commun
considerations (e.g., moderator involvement, relia
most of which are not yet well und
shed light into how to best support th
communities of practice. Belo
teachers at-distance are a

Garfield, 2008). The design of
ctice involves many inter-related

evelopment of healthy and sustaining online
periences related to educating statistics

4 Experiences of '@’ her Education at a Distance

This section provid description of four professional development programmes
that have utilised distan cation to offer teacher training in statistics education,
and of the main @xperienges’ gained from implementing these programmes.

Project

earning the Unlikely at Distance Delivered as an Information

LUDDITE, which was funded by the Australian government to explore various
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technologies for the delivery of professional development in probability and
statistics to teachers of grades 5-9 spread across Australia, entailed three stages
of development. During the first stage, four live satellite television flarfewcast
programmes highlighting issues associated with statistics instruction were produced
for schools with satellite technology. The second stage of LUDDITE employed
videoconferencing facilities in five Australian states to introduce participants to a
multimedia professional development package intended to provide comprehensive
coverage of all aspects of teaching chance and data in the middle Sehool.“The final
phase of the programme featured a consolidation of the produced mategial and the
creation of a CDROM to allow for access to more print-type material as well as
digitised video material relevant to teaching chance andidata.

“The Chance and Data Professional Development” CDROMwhich was the major
development of the LUDDITE project, was organised, in five different sections
(data collection and sampling, data representation, chancépand basic probability,
data reduction, inference). Each section inclided an introductory overview with
TV extracts, curriculum documents and materialssforteaehers, newspaper articles,
video clips from television broadcasts, video clips of students discussing chance
and data concepts, cross-curricular linkgidand softwaregfor probability simulation
and data handling.

Watson (1998) reported on the maindfindings.frompthe evaluation of LUDDITE.
Responses of 19 teachers to the totdl professional development package were very
positive, with teachers noting the well-rounded package with background as well
as classroom materials, and appreciating the Jinking mechanism across media.
Less positive comments were related to availability of, and familiarity with the
technology that caused frustration for\a few teachers, who found it difficult to use.
Teachers’ reactions to the at-distaneegpresentation of the package were generally
positive, but several noted that they missed personal contact with others and
suggested the introduction of some faeeito-face meetings, such as half-day
workshops at the beginning, orelusters formed in local areas. After weighing up all
the possibilities for distasiee professional development trialled in Australia through
LUDDITE, Watson (1998)/concluded that the package appeared to offer more
value if introducded in person and/or as part of a directed professional development
programme in a s¢hool, system. She acknowledged the danger of a package
becoming outdatedsif created’in a fixed medium such as a CDROM, but explained
that the option of providing‘the whole package on the Internet was unrealistic at the
time of writing,\due, todack of accessibility for many teachers, and low speed of
transfer of information; particularly digitised videos.

4.2 INSPIRE Project

INSPIRE (Insight into Statistical Practice, Instruction, and Reasoning) was a
more recent project sponsored by the National Science Foundation (NSF) and the
American Statistical Association (ASA) to improve high school statistics teaching.
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The objective of the project was to craft a professional development experience for
practising high school mathematics teachers, which would prepare them to: (a)
teach an introductory statistics course, (b) learn and understand the coficépts and
methods of introductory statistics, (c) use real data, active learning techniques, and
technology to teach statistics, (d) understand statistics as a comprehensive approach
to data analysis, and (e) become familiar with a variety of resources for teaching
introductory statistics. Additionally, the project aimed at develgping.a long-term
online community of learners who would advise and support\€ach other about
classroom practices, pedagogy, and statistical concepts (Gould & Peck2005).

INSPIRE brought together university faculty, secondary<tedaehers, and ASA
statisticians who developed and piloted a course fomin-serviee high school
mathematics teachers who were novices to statistics teachingdThe)first component
was a week-long face-to-face workshop that initiatedgthe course, and which was
intended to help participants recognise the differences‘between mathematics and
statistics, to model effective pedagogy, and to preparéteachers for the second, online
component of the course. The year-long onlinegéomponent was an introductory
statistics course, enhanced with special attention'to pedagogical issues. Materials
were delivered primarily online in a stru€tured cugriculdm involving group work,
self-study, concept-exploration, periodi€ milestone-assessments, and small projects.
To facilitate online community formagion,participants were assigned to small groups
and were provided with group discussion questiops, which addressed content as
well as pedagogical concerns. The final componént of the course was a year-long
“practicum” that helped teachers to create deeper understanding of statistics by
working with non-academic statisti¢ians from business, industry, or government on
projects dealing with real-world problems.

Gould and Peck (2005) describédatheir experiences from the first offering of the
INSPIRE course to 32 paiticipants. The workshop component of the course had
enormous success with all of the participants being uniformly enthusiastic about it;
the online component, however, was/ less successful. The lower than anticipated
level of teacher-to-teachéFinteraction was one of the greatest disappointments of
the course. The onlineleoutrse also had a high attrition rate, with 11 of the 32
participants (34%) dropping’out before its completion. When contacted by the
project evaluator, téachess suggested difficulties with technology, (e.g., network
problems, problems, in file sharing), time constraints, and frustration over being
required to partiCipate inyonline discussions, as the biggest factors in their decision
to drop out.

4.3n. EarlyStatistics Project

EarlyStatistics) was a 3-year project funded by the European Union under the
Socrates—Comenius Programme (2005-2008). A consortium of five higher
educationinstitutions from four countries, developed and pilot-tested an intercultural
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online professional development course in statistics education targeting European
elementary and middle school mathematics teachers. The course aimed at helping
teachers improve their pedagogical and content knowledge of statisti€s through
exposure to innovative web-based educational tools and resources, and csoss-cultural
exchange of experiences and ideas.

The course is made up of six modules (Azcarate et al., 2008). [nmodules 1-3,
the focus is on enriching the participants’ statistical contentfand<pedagogical
knowledge by exposing them to learning situations, technologies,, and curricula
similar to those they should employ in their own classrooms. Statisties is"presented
as an investigative process that involves four components: (a)/clarifying the problem
at hand and formulating questions that can be answeredyWwith data, (b) designing
and employing a plan to collect appropriate data, (c).selectinglappropriate graphical
or numerical methods to analyse the data, and (d)‘integpreting the results (Franklin
et al.,, 2005). Through participation in authentic eduecational, activities such as
projects, experiments, computer explorations”withadata, small group work, and
whole class discussions, participating teachers learn whete,and how the “big ideas”
of statistics apply and develop a variety of methodolegies and resources for
effective instruction.

In modules 4-6, the focus shifts to/lassroom implementation issues. Teachers
customise and expand upon providédpmatefials, and apply them in their own
classrooms with the support of the/design team. Once the teaching experiment is
completed, they report on their experiences tQ other participants in the course, and
also provide video-taped teaching episodes and samples of their students’ work that
are used for group reflection and eyaluation.

The EarlyStatistics course has a hybrid format. At the beginning, teachers gather
together to attend a 1-week inté€nsive,seminar, where they are introduced to
the objectives and pedagogieal framework underlying FEarlyStatistics and are
familiarised with the facilities offered sby the e-learning environment. More
importantly, this initial face-to-faceimeeting acts as an effective launch point for the
distance learning part ofthe course, by giving teachers the opportunity to meet and
interact with each otherjapd with the course instructors. The remainder of the
course is deliveréd online;thréligh technology-rich interaction and problem-solving
activities including text,illustrations, animations, and audio/video. To offer teachers
flexibility and to.accommodate different time zones, the largest portion of the
course is condugted asynchronously through online discussion and e-mail groups.
There is also someysynchronous communication through use of technologies such
as chat rooms,and audio/video streaming.

A pilot deliveny of the EarlyStatistics course and follow-up classroom
experimentation took place during the final year of the project in three of the partner
countries (CyprusyGreece, Spain). Fourteen teachers, who differed considerably in
their mathematical and statistical knowledge and in their confidence and experience
initéaching statistics, participated in the EarlyStatistics course pilot delivery. The
overall feedback from the participating teachers, as well as from external experts
regarding‘the course content, services, and didactical approaches was generally
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very positive. Key conclusions from the analysis of the user feedback were that
EarlyStatistics proved quite successful in helping teachers to improve their pedagogical
and content knowledge of statistics (Chadjipadelis, Meletiou-Mavrothesis, &
Paparistodemou, 2010). Moreover, data obtained from the teaching intetventionsin
the course participants’ classrooms suggest positive gains in student learfing and
attitudes towards statistics. Nonetheless, the consortium had limited suceess in
establishing a functional community of practice, which was a main objective of the
project. Similar results were reported by Gould and Peck (2005)yIn both cases,
there was a much lower than anticipated level of teacher-te-teacherfimteraction
(for more details see Meletiou-Mavrotheris et al., 2008).

4.4 “Becoming a Teacher of Statistics” Online,Course

“Becoming a Teacher of Statistics” is a graddate-levelp€ourse offered by the
University of Minnesota, which prepares teachershef inttoductory statistics at the
college and high school levels. Although™eriginally delivered in a face-to-face
setting, the course has been recently/converted te an online course to make it
accessible to a wider variety of pre=sefvice and in-service teachers. The course
strives to help teachers develop ‘into “knowledgeable, reflective, and effective
teachers of statistics (Garfield & Everson, 2009). It is organised around the six
recommendations set by the “Guidelines for Assessment and Instruction in
Statistics Education” (GAISE) Report (Franklin et al., 2005): (a) emphasise
statistical literacy and develop statistical thinking, (b) use real data, (c) stress
conceptual understanding rathgr than mere knowledge of procedures, (d) foster
active learning in the clagsroom, (e) usetechnology for developing conceptual
understanding and analysing data, and (f)@se assessments to improve and evaluate
student learning.

In the face-to-face vérsion of “Becoming a Teacher of Statistics”, each class
meeting focuses on a different topic and teachers are expected to prepare for class
by having readitheyassigned readings. Teachers discuss the readings, watch
demonstrations, participate,in yarious hands-on and technology-based activities, and
make assigned presentations. They also bring in materials, articles, and readings to
share with the (elass. In)designing the e-learning course, efforts were made to
preserve the formathandfcontent of its face-to-face version, through the creation of
an online learning environment that provides learners with many opportunities for
small-group or whole-class discussions of the course material, and for collaboration.
Teachers postyreflections about the weekly readings, share and critique ideas for
classroom activities, discuss ways to implement the GAISE recommendations in the
StatisticS classroom, and evaluate different types of assessment tools and statistical
software packages. The assignments teachers are asked to complete in the online
course _alsogmirror the types of assignments completed in the classroom-based
course. Of‘course, the way in which the assignments are submitted or shared with
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classmates had to be altered in some cases. For example, instead of asking teachers
to give short oral presentations, special discussion forums are set up for them to post
and discuss the web resources and data sets they have found.

The first online version of the course was offered during the spri
Evaluation of the course indicated that it was successful, and pro
with experiences parallel to those provided in the face-to-face versi
(Garfield & Everson, 2009). Teachers’ engagement in online dis as high;
they appeared to be taking the necessary time to reflect critical ssigned
readings and on their roles as teachers of statistics. Pe gnments
and assessments was comparable to what was observed w ing the course
in a classroom setting, and teacher feedback was equall
of the online course that was suggested to be improyed organisation of the
discussion groups. Specifically, some participan&i' e fact that the
discussion groups were permanent, and would,hav to change groups
during the semester.

5 TImplications for Future Tr

In order to make statistical thinki
fundamental changes in the instructiona and tools employed to teach
statistical and probabilistic concepts in the hematics classroom. Thus, it is
critical for mathematics teachers toshave rich teaching and learning experiences in
statistics and its pedagogy. The need for training in statistics education of large
numbers of teachers makes dist ing an attractive option.

Despite the potential benefi enting an online teacher training course
in statistics education, the f possible risks that could adversely
affect its quality. Teachers p h courses are likely to be characterised
by diversity in a numbergof p eters, including pedagogical and content
knowledge of statistics w athematics, educational level and grade they teach,
cultural and/or €ssio ackgrounds, and comfort with technology and with
distance learning. online teacher professional development courses share
many features with fa e programmes, the review of the research literature
and the experi gained from the four professional learning programmes
presented in thishehapter, suggest that they also present some unique challenges.
echnical issues should be taken into account in the course
provide an effective online learning environment that motivates

1 students, there ought to be

ceessible media
y interface and navigation services

(e.g., audio, video, text, images) presentation of content to ensure
knowledge transfer
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* Activities and resources (e.g., simulations, animations, video clips) that stimulate
and engage teachers participating in professional development, and address a
variety of teaching and learning styles

e Access to multiple distance collaboration tools that promote intesaction with
peers and with course facilitators

* Regular assessments that can be used by instructors to monitor, progress and
provide feedback, and by participants to monitor their own progress

e Careful scheduling of course activities to offer teachers flexibility,) and to
accommodate different time zones

¢ Setting of realistic work expectations so as not to overburden teachers

A particularly important issue for online teacher professional development is in
ensuring the successful building of an online comifunity of praetice. As the first
experiences with the EarlyStatistics and INSPIRE teachefprofessional programmes
indicate, building online communities is quitépchallengingy’ Although in both
experiences, the course team employed several strategiesto promote teacher dialogue
and collaboration, they were not completely suc¢essful'in establishing a functional
online community. As Gould and Peck (2005) poeinted out, leading a discussion of
substance on a “discussion board” is ngore challenging than in a real classroom.
Merely forming a discussion group’ andWyproviding the technology does not
automatically lead to the establishment ofiselations and group cohesion.

Online instruction is similar to, yet differént from face-to-face learning, and
requires new teaching skills and strategies; thus online instructors’ new role as
course facilitators turns them into bpth guides and learners (Heuer & King, 2004).
Teacher educators must be trained™in this new mode of instruction, to facilitate
teacher success and develop online participation, as they develop in the art of
becoming online guides. The sueeess of the Garfield and Everson (2009) at-distance
teacher training course inpachieving learher participation and collaboration is
explained by the fact that theironline tourses have been going through a continuous
cycle of evaluation and impsoyement.’'Each time an online course is taught, changes
are made in the way in which disgussion assignments are structured and used, based
on feedback received from,pasticipants and on careful study of the patterns of
interaction occurringdwithin‘different discussion groups.

Another extremely< important consideration is whether teachers feel the
professional devglopment project is useful and supportive of their efforts to improve
their teaching practice (See also Ponte, in this book). Historically, professional
development efforts¥have largely been ineffective in producing reform-based
classroom ghange. They often failed to transfer to the learners’ “real-work”
situations,/because they were too distant from their real-work needs or organisational
realities. A'possible solution is the incorporation, whenever possible, of follow-up
pfocedures,— such as the teaching intervention undertaken by participants in the
EarlyStatistics course — to help teachers apply what they learn in the course to a real
classroom setfing. Helping teachers meet their individual workplace goals and
needs isgeny challenging, but necessary if they are to make the difficult leap from
professional development to classroom practice.
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Chapter 37

The Role of Statistical Offices and Associations
in Supporting the Teaching of Statistics

at School Level

Delia North and Jackie Scheiber o °

Abstract In many countries mathematics curri(’a pri and secondary
schools have been reformed to include statistics. e time, national
statistics offices have recognised that statistiés, ht ingfully at school-
level, would promote statistical literacy and 1 tter understanding of
national statistics office activities, such as cens er of national statistics
offices and statistical associations hav n projects that develop
materials for use in the classroom a ool teachers to engage more
meaningfully with the statistics con syllabus. This chapter gives
a few specific examples of the roles tatistics offices and statistical
associations around the world are playing orting the teaching of statistics
at school-level.

1 Introduction

Over the past 30 years it has b
ideally be introduced i
1980; Wild & Pfannkuc
from year to
countries statistics
mathematics curti

-documented that statistical concepts should
chool curriculum as early as possible (Holmes,
al, 2002; Franklin et al., 2005), and be built upon
cheaffer, 1998; Shaughnessy, 2006). In many
as consequently been included in the full spectrum of

9;
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Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
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data-orientated teaching of statistics necessitated recognition by the teacher that
statistics is a discipline in its own right. Statistics should thus not be taught as only a
branch of mathematics, but rather as a discipline that has its own independentdntellectual
method (Cobb & Moore, 1997; Ben-Zvi, Garfield & Zieffler, 2006; Scheaffer, 2006°
Fields, 2008; Pfannkuch, 2008), with an emphasis on inductive redsoning,rather
than deductive reasoning (Gattuso, 2008; Gattuso & Ottaviani, this book).

It has been widely documented all over the world that some teachers havedifficulty
in teaching statistics topics, particularly where some analysis of data is called for
(Coutinho, 2008). Mathematics teachers are generally more gomfortable with the
formula-driven approach where there is one correct answer, rather than having to deal
with a statistical approach where problems are solved witht more than one possible
solution (Gattuso & Pannone, 2002). These teachers naturdlly gravitate towards
emphasising the solution phase of a problem, whichis typicallythe’least cognitively
demanding part of problem-solving and the easiest to teachiMakar, 2008).

Though topics in mathematics and statistics/diffefifrom a legical and pedagogical
point of view, it is vital to bring home to mathemati€s teachers that both mathematics
and statistics are important and re-enforce each other. Itis particularly important
for teachers to recognise that the studysof statistics’'in the classroom is an
excellent opportunity to use different parts_ of mathematics (arithmetic, geometry,
measurement, algebra) as well as calctilators) éemputers, and the Internet to process
data sets, thus demonstrating the importance, of the integration of technological
tools in mathematics. Teachers should appreciate the fact that statistics brings
meaningful contexts and a creative approach)to the mathematics lessons, and
has the potential to stimulate children’s interest in “numbers” and mathematics
(Gattuso, 2008). Moreover, several authors suggest that many mathematics teachers,
in particular at primary educatioft Iévelglack specific training in statistics education
(Batanero, Godino, & Roa;,2004), resulting in an acute need for them to be trained
in order to acquire the skill te, design and)implement activities geared towards
developing statistical literacy (Reston'& Bersales, 2008).

National statistical officés around the world encourage statistical literacy
amongst their citizens sQithat the/general public has confidence in, and can engage
with their outp@t.) They “havéflong recognised that the promotion of statistical
literacy at school-level isya major step towards creating a statistically literate society
(Ridgway, Nicholsen, &“MecCusker, this book). Thus, in order for statistics to be
taught more megningfully in the classroom, it is not unusual for statistics offices to
embark on projectsythat promote access, understanding, and the greater use of their
data in the school“sector by training school teachers and developing material for
their use (Kchohlap2002; Kong & Harradine, 2006).

This chapter is devoted to describing specific examples of projects run by national
statistics officesithat aim to improve the teaching of statistics in the classroom.
Thoughgmost, of these projects are specific to a particular country, some, such as
CensusAtSchool and the International Statistical Literacy Project (ISLP), have been
adopted and adapted by a number of countries, becoming true international projects.
Though the space limitation does not allow a comprehensive list of such projects, the
projects discussed are those that the authors feel have made a meaningful contribution
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towards the promotion of statistical literacy at school-level. More information about
projects run by statistics offices may be found in Sanchez (2008).

Some national statistical offices, such as those in New Zealand, C
have assisted with the development of statistics mate 0Se )
encourage school teachers and students to appreciate stati to ultimately

understand the output of the national statistics office. Im e summarise

some of these projects.

4

2.1 Statistics New Zealand

Under the New Zealand Statistics Act
obligation, under the Treaty of Waitangi'(Te Triti
needs of the Maori. In 1990, an achi e i

aitangi), to meet the statistical
for schools was announced

knowledge and experiences.

A consultation process was
Zealand, the education se
the content and the most a
a cross-curricular statistics
meet the outcomes from ential learning areas of Mathematics, Social Studies,
English, Technology, an ography. The resource consisted of an English booklet,
a Maori resourc.)o et Tatauranga), and a map, with supporting material
on the Internet. Th ce provides a cross-curricula learning programme about
the census, strongly,em ing the importance of understanding and interpreting
the significance formation, for both English and Maori teachers.

The resourc e freely available to schools and well publicised in the
media, and a workshops were held throughout New Zealand to raise
esource. Eighty-nine percent of all primary and secondary
registered to receive the resource, and subsequent evaluation
hers found the resource to be user friendly. They particularly
e good links with the national curriculum (Hooper, 2002). In the

ntly undertaken between Statistics New
ing providers, and teachers to determine
for the development and delivery of

statistics, tables, links, and activities directly related to the curriculum that can be
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printed and used in the classroom. The site is currently visited approximately 5,000
times per month and is viewed as a key way to reach the school audience and to

achieve greater statistical literacy (Forbes, 2008). Q
2.2 Statistics Canada

sons for

Statistics Canada launched the Census results teachers Kitsga s
teachers to use in the classroom that deal with the results of Census. These
activities are appropriate for English, Mathematics, Thi Arts, 1al Sciences,
Geography, History, Family Studies, and Informatics, ested grade levels
are indicated on each activity. Similar census resﬁ her were produced
based on the 2006 Census. Each activity follow llenge approach and
presents an engaging question or task. Learne come competent in
reaching reasoned judgments as they locate, use,d and assess information.
Two census results websites (www12.statcan ‘censusO1/teacher’s_kit/
e been developed so that

earning tools and resources
specifically designed for teachers and stude education community accounts
for about 40% of the access to the Statistics Canada website, up from 19% in 1997.
Close to 20,000 users a day log onto the website looking for information to help
with homework or classroom assignments (Townsend, 2008).

2.3 Statistics PortugN

ALEA (Local Action plied Statistics, www.alea.pt) is a project based in
Portugal and is .16 at g teaching materials for the study of statistics to
both teachers and ia the Internet. It is a joint project between Statistics
Portugal and To e condary School together with the Portuguese Ministry
of Education through its "Northern Regional Education Department (DREN)
(Campos, 200

ched in 1999 and aims at providing effective tools for the
eaching of statistics. Assorted content is provided; including
S to statistics and probability; teaching materials, important
statistics, and educational games. The ALEA project also offers
ing courses for both basic and secondary education teachers. Since
ite has received around half a million visitors, and was, in 2007, the
the Best Cooperative Project Award conferred by the International

O
&
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3 International Projects Aimed at Developing Classroom
Material

Several statistics offices and associations have launched proj
international focus, where the emphasis is on introducing the school ¢
statistics outputs on a global scale. This section focuses on t rojects:
CensusAtSchool and the International Statistical Literacy Proj each of

which is discussed extensively. .

n by Forbes (1996),
aught the attention of
al of a census of school

3.1 CensusAtSchool

A paper on a census of school children in New
was reviewed in Induzioni (Forbes, 1997) and s
Italy’s National Institute for Statistics (ISTAT).

immediately recognised by ISTAT. S e Italian Society for Statistics,
the Ministry for Public Education, a ematics Society for Statistics

The United Kingdom censu 001 was seen as an ideal opportunity to
take the message of censusyi . The Royal Statistical Society Centre
for Statistical Education hed the United Kingdom Office of
National Statistics (ONS) 1in or funding to launch the CensusAtSchool
project in the United .. This project involves children between the ages
of 7 and 16 gathering ation about themselves. This information forms the
basis of a natio tab ch school children can use in the data handling
part of various subj in the school curriculum. Though the idea of involving
children at scho us activity originated in New Zealand, the United
Kingdom madefa very significant contribution to this initiative by launching a

dynamic websit susatschool.com). This website contains a huge database
of 60,000 chi onses. The database is anonymised and a random selector
is used to ess raw records of around 200 candidates which are then sent to

A variety of curriculum tasks, in the form of worksheets, are
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South Africa launched a CensusAtSchool project to coincide with its 2001
Census. In the video which was made to promote the initiative, and that is
summarised by Connor (2002), Pali Lehohla, Statistician General of Sodth¥Africa,
stated that CensusAtSchool brings the data home to the people and the teachers s6
that they can relate to it.

Statistics South Africa called on the services of the RSSCSE_in the“United
Kingdom to act as consultants to plan the initial stages of thefCensusAtSchool
project. The project targeted both primary and secondary school children, gathering
information which was then used to devise worksheets ‘and other materials to
enhance the teaching of relevant data-handling topics by usingfunlactivities. A total
of 277 schools and 43,500 children spread around all{psovincesim South Africa
took part in the pilot programme. Though the CensusAtSchool project in South
Africa had the advantage of drawing on the suceesses of thelprojects launched
in other countries, the constraint of inadequate access to,technology in many
South African schools had a dampening effeét‘on the potential of offering a rich
source of materials on the website, as had been donehingsthe United Kingdom.
The South African CensusAtSchool initiative was, thus mot as “high tech” as the
United Kingdom, focusing rather on a regource pack (hard copy) being delivered to
participating schools.

In 2003, Statistics Canada joifed, themintemnational trend of having a
CensusAtSchool project. Their CensusAtSeheol project took the form of an online
survey where class data was subsequently analyséd and compared to national and
international data. CensusAtSchool was recognised as being a wonderful vehicle
for the new math and technologyfcurricula in Canada as it was a vehicle for
obtaining rich data bases about studént lifestyles. The Canadian CensusAtSchool
project had a very strong level of t€acheninvolvement. Statistics Canada decided to
set up a Teacher AdvisoryyBoard made upef teachers from across Canada to assist
with the setting up of the fundamental infrastructure, as well as helping to formulate
questions for the online survey.“leachers were thus heavily involved from the outset
and had a sense of owneygship of the project, leading them to help build a community
of over 900 participating, t¢achets who received e-mail communications through
Statistics Canada’s bi-monthljflearning resources listserv (Townsend, 2006).

The CensusAtSghoolyproject was also adopted by the Australian Bureau of
Statistics (ABS) and commenced in October 2005. The project was aimed at school
children between ages of 10 and 17. The main drivers were the promotion of statistical
literacy amongst Students; the encouragement of effective and practical use of ICT
in teaching and Iearming, the creation of a stimulating student-centred learning
environmefit, and the education of future users of ABS publications. In Australia the
CensusAtSchool project took the form of an online data collection project designed
forprimary and sécondary school children, very much as was the case in the United
Kingdem. The ABS obtained permission from the RSS in United Kingdom for
theruse of the\CensusAtSchool branding. Further details about the experiences, the
processes followed, and the successes/challenges of the CensusAtSchool initiative
in Australia may be found in Kong and Harradine (2006).
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3.2 The International Statistical Literacy Project (ISLP)

The International Statistical Literacy Project (ISLP) of the Internation
Institute has as its main objective the contribution to the statistical li

repository of resources that are useful for acquiring
literacy at all levels from primary/elementary school thro
There are also web pages for official statisticians and for j d the mass
media. Further, there are web pages devoted to statistica cy projects, websites,
etc that have been developed by national stat‘s tional statistics
societies, and other non-profit organisations. These ar w.stat.auckland.
ac.nz/~iasefislp/.

The International Statistical Literacy Compet
threefold aim of increasing the awareness of stai

at

run by the ISLP with the
¢ students and teachers
gsources, and of bringing
together parties interested in statistical li ountry. Registration for the
2009 competition opened in Septe as aimed at children in the
10-18 year age group. Participatio ents registered through their
school teachers. This project had three phase one, teachers received
questions which the students answered wit] eir own school. The completed
tests were sent off to ISLP for grading. From these results, winners in each school
were identified. In phase two, win from the various schools competed under the
auspices of the national statistic,
was identified for each partici . In phase three, the winners from each
participating country trav outh Africa, for the final stage of the
competition held during th

The 2011 ISLP competiti

divided into two age cate : 1215 year-old students and 16—18 year-old students.
In phase one, thﬂation pmpetition, students will have to submit their posters to
the ISLP coordinato heir country. In phase two, the international competition,

the winning poster country compete against each other. Prizes will be
awarded to the gfit€rnatio winners at the 58th session of the ISI in Dublin,
Republic of Ireland in 2

ed at Training Teachers

offices like those in Canada and South Africa have projects whose
ist school teachers to teach statistics more meaningfully. Below is a
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4.1 Statistics Canada

A new grade 12 course on the mathematics of data management was in

based on an analytical data project.

Statistics Canada has a long history of being a trusted resourd
community and immediately helped by providing large
for student projects, and educational representatives at Sta ada assisted
teachers and school children with manipulation of dat
representatives help educators integrate Canadian statis
and research activities. They offer workshops at pr‘ssi n
conferences. These regional representatives distribut:
40,000 in-service teachers each year, as well
teachers at 60 faculties of education. The effective oject such as this is
difficult to quantify. Statistics Canada looks at -term project, but has
been able to demonstrate remarkable success in -term, and is continuing
with their educational outreach progra

ing, learning,
pment days and
unication materials to
0,000 pre-service

fa

4.2 Statistics South Africa

A new school curriculum becam
recognition of the cross-curricul
at all levels (North & Scheib
been the case previously

olicy in South Africa in 2002. Due to the
or statistics, statistical topics were included
his was in direct contrast to what had
statistics had virtually been totally absent from the
school syllabus (North & i 06). South Africa thus introduced statistics
into the school syllabus 1 i re developed countries had done so, offering
the distinct advantage t hers did not have to be “untrained” in bad habits, but
could rather benefit fr h and experiences in statistics education from
around the worl tir, 2006).

Training teacher$ i frica to deliver the new statistics content meaningfully
is a challenge, he ¢ all over the world. However, South Africa is a very
complex societypwith social, economic, and cultural diversity, confounding the
problem of traini 1s to produce statistically-literate school leavers. It would
thus take a ommitment and careful planning to put initiatives in place to

‘ owledge of teachers (North & Scheiber, 2008).
ergence from a political legacy that strove to create a
ociety, the South African government pledged to address the task
evels of basic literacy and numeracy in particular, striving for the

literacy, was thus given specific prominence in post-apartheid
, resulting in an impressive budget allocation to assist with the teaching
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of statistics at school-level (Lehohla, 2002). Accordingly, in order to address the
problem of providing statistics training to roughly 10,000 mathematics educators
(grades 10-12) in South Africa, Statistics South Africa, launched the niathsdstats
campaign (North & Scheiber, 2008).

Teachers were selected via a competition advertised in the National, Press
and were taken to the Seventh International Conference on Teaching of Statistics
(ICOTS-7) in Brazil as a means of kick-starting the project. They themattended
courses over weekends and during vacations where they wereitaughtithe new
statistics content. They had to obtain at least 75% of theimaximum:score in a test
based on the content contained in the new curriculum and had todalso pass an oral
presentation which was judged by the project facilitaters. Once“fully endorsed
maths4stats trainers, they were then eligible to run furthempworkshops in their
districts for teachers using the material prepared by the,two project facilitators.

A national coordinator was appointed to eversee“andydriye the project and
coordinators were appointed in each of thé"ninéyprovinees. These provincial
coordinators were fully trained and were in a positionito meaningfully engage with
the statistics content of the school syllabus. They were expected to run workshops
in their province, and had a group of mdfhs4stars-trainets to call on, and oversee.
Both the national coordinator and proyincial coordinators were fully employed by
Statistics South Africa.

In April 2008 a group of 172 Departmentyef Education (DoE) subject advisors,
from all nine provinces in South Africa, were tfained by the maths4stats project
facilitators. These subject advisors form a link between the Statistics South Africa
initiative and the DoE, a link that i§ crucially necessary to ensure that the roll-out
plan of the maths4stats campaign willbe taken seriously by mathematics teachers.
The maths4stats campaign has mafiaged,to excite teachers about the new statistics
content of the school cugriculum, and teachers are becoming more and more
enthusiastic about the relevanee of statisties) in teaching “thinking maths”, seeing
the statistics lessons as an opportunity to make the mathematics class more fun. The
maths4stats project wonfthelaward for the Best Cooperative Project in Statistics
Literacy during the InternationaliStatistical Institute conference in Durban, South
Africa in August 2009.

5 Implications for Training the Teachers

All over the werldythe inclusion of statistics into the mathematics curriculum for
primary andisecondary school has challenged teachers to engage more meaningfully
with Statistics.topi€s, more specifically with the call for data-orientated teaching of
StatistiesfMany statistics offices and associations around the world have recognised
thempotential for promoting statistical literacy at school level, and have accordingly
launched various projects to support the statistics training of teachers and to provide
them withimaterial which they can use in their classrooms. The challenge is to get
every statistics office and association to do the same.
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Teachers want resources that are relevant to their curriculum and are statistically
correct. In the projects described, teachers with access to the Internet could obtain
resources from their statistics office’s website. The challenge is to provi
like this to teachers in the rest of the countries around the world, especi
teachers who do not have access to the Internet. At the same tim

more countries are ensuring that their schools are connected e
both pre-service and in-service teachers will need to attend
the pedagogical knowledge needed to use computers in the clas

Lee &
Hollebrands, this book), otherwise these valuable resm‘s ill to them.
The challenge is to encourage the teacher trainers and/o ics offices and

associations to provide these courses.

References

Teaching Statistics in School Mathematics.
Proceedings of the ICMI Study 18 and 1d"Table Conference. Monterrey,
Mexico: International Commission on M ction and International Association
for Statistical Education. Online: www. "ac. iase/publications

Batanero, C., Godino, J., & Roa, R. (2004). s to teach probability. Journal of

68th NCTM Yearbook (2006) (pp.
Mathematics.

Campos, P. (2008). Thinking with le of ALEA in promoting statistical literacy in
Portugal. In J. Sanchez (Coord.
Los Angeles, CA: Internat Statistical Litéracy Project. Online: www.stat.auckland.ac.
nz/~iase/islp/

Cobb, G. W., & Moore, D. S. (1 . atics, statistics and teaching. American Mathematical
Monthly, 104(9), 801-8

Connor, D. (2002). Census 0l 2000: Creation to collation to classroom. In B. Phillips (Ed.),
Proceedings ofthe Sixth
Africa: Internationa; i stitute and International Association for Statistics Education.

/~iase/publications

Conti, C., & Lomb: . . The Italian CensusAtSchool. In B. Phillips (Ed.), Proceedings

onference on Teaching Statistics. Cape Town, South Africa:

itute and International Association for Statistics Education. Online:

~iase/publications

Coutinho, S eaching statistics in elementary and high school and teacher training.

urrill, C. Reading, & A. Rossman (2008).

case study in collaboration preparing secondary education teachers.

3. Burrill, C. Reading, & A. Rossman (2008).

96). Raising statistical awareness. Teaching Statistics, 18(3), 66—69.

. 97). II “Censimento dei bambini” in Nuova Zelanda: Ovvero come elevare la

apevolezza statistica (The children’s census in New Zealand: How to raise an awareness

isties). Induzioni, 14, 105-113.

Forbes D. S. (2008). Raising statistical capability: Statistics New Zealand’s contribution. In J. Sanchez
(Coord.), Government statistical offices and statistical literacy. Los Angeles, CA: International
Statistical Literacy Project. Online: www.stat.auckland.ac.nz/~iase/islp/



37 The Role of Statistical Offices and Associations

Franklin, C., Kader, G., Mewborn, D. S., Moreno, J., Peck, R., Perry, M., & Scheaffer, R. (2005).
A curriculum framework for a pre-K-12 statistics education. GAISE report. American
Statistical Association. Online: www.amstat.org/education/gaise/

Gal, L. (2002). Adults’ statistical literacy. Meanings, components, responsibilities.
Statistical Review, 70(1), 1-25.

Gattuso, L. (2008). Mathematics in a statistical context? In C. Batanero, G. Bu
& A. Rossman (2008).

Gattuso, L., & Pannone, M. A. (2002). Teacher’s training in a statistics
In B. Phillips (Ed.), Proceedings of the Sixth International Conference
Cape Town, South Africa: International Statistical Institute anmtemat
Statistics Education. Online: www.stat.auckland.ac.nz/~iase/publica

Holmes, P. (1980). Teaching statistics 11-16. Slough, UK: Foulsham

Hooper, L. (2002). Making census count in the classroom. In B.
Sixth International Conference on Teaching Statistics. Cape T th Africa: International
Statistical Institute and International Association for 'ties E Online: www.stat.
auckland.ac.nz/~iase/publications

Knights, E. (2006). Data handling from a classroo
In A. Rossman & B. Chance (Eds.), Proceedings of t
Teaching Statistics. Salvador, Bahia, Brazil: Internationa
Association for Statistical Education. Online: www.s

Kong, S., & Harradine A. (2006). CensusAtSchool in A
(Eds.), Proceedings of the Seventh Interna
Bahia, Brazil: International Statistical I
Education. Online: www.stat.auckland.

Lehohla, P. (2002). Promoting statistica

e United Kingdom.
ational Conference on
nstitute and International

A. Rossman & B. Chance
Teaching Statistics. Salvador,
ational Association for Statistical

SouthAfrican perspective. In B. Phillips
(Ed.), Proceedings of the Sixth Internationa on Teaching Statistics. Cape Town,
South Africa: International Statistical Institute ternational Association for Statistics
Education. Online: www.stat.auckland,ac.nz/~iase/publications

Makar, K. (2008). A model of learnin, teach statistical inquiry. In C. Batanero, G. Burrill,
C. Reading, & A. Rossman (2008),

North, D., & Scheiber, J. (2008). Intr
role played by the Nation
G. Burrill, C. Reading, & A

North, D., & Zewotir, T. (2006).

istics at school level in South Africa. The crucial

Salvador, Bahia, Brazil: atignal Statistical Institute and International Association for
Statistical Education. O stat.auckland.ac.nz/~iase/publications
Pfannkuch, M. (20 s to develop statistical thinking. In C. Batanero, G. Burrill,
C. Reading, &
Reston, E., &Bersales
Challenges and
Sanchez, J. (Coor
International S
Scheaffer, R. L.

Reform efforts in training statistics teachers in the Philippines:
. Batanero, G. Burrill, C. Reading, & A. Rossman (2008).
vernment statistical offices and statistical literacy. Los Angeles:
racy Project. Online: www.stat.auckland.ac.nz/~iase/islp/

ion. Online: www.stat.auckland.ac.nz/~iase/publications

. Statistics and mathematics: On making a happy marriage. In G. Burrill
and reasoning with data and chance: 68th NCTM Yearbook (2006) (pp. 309-321).
al Council of Teachers of Mathematics.

d research In A. Rossman & B. Chance (Eds.), Proceedmgs of the Seventh
nal Conference on Teaching Statistics. Salvador, Bahia, Brazil: International
Statistical Institute and International Association for Statistical Education. Online: www.stat.
auckland.ac.nz/~iase/publications



D. North and J. Scheiber

Statistics New Zealand. (1975). New Zealand Statistics Act. Online: http://www.stats.govt.nz/

Townsend, M. (2006). Measuring success: How CensusAtSchool engages Canadian students in
active learning outcome. In A. Rossman & B. Chance (Eds.), Proceedings of eventh
International Conference on Teaching Statistics. Salvador, Bahia, Brazil: i
Statistical Institute and International Association for Statistical Education. O
auckland.ac.nz/~iase/publications

Townsend, M. (2008). Statistics Canada. In J. Sanchez (Coord.), Government statisti
and statistical literacy. Los Angeles, CA: International Statistical Lite t
www.stat.auckland.ac.nz/~iase/islp/

Wild, C., & Pfannkuch, M. (1999). Statistical thinking in en‘cal [S rnational

Statistics Review, 67(3), 223-265. ~

S
3

&
O



Overview: Challenges for Teaching Statistics

in School Mathematics and Preparing
Mathematics Teachers Q
Carmen Batanero, Gail Burrill, and Chris Reading °

® \
© N

ducators worked in
ol mathematics and on
is teaching, under the

1 Introduction

For five years, a group of mathematics and
collaboration to reflect on the teaching of statis
the training of those teachers who are
auspices of the International Commissi 2
the International Association for Stafisti ducation (IASE). Results from this

work are reflected first in the Procee int ICMI/IASE Study Conference
held in Monterrey in 2008 (Batanero, ding, & Rossman, 2008) and

second in this book. These two documents ha ntributed to raising awareness of
the need for increased statistical content at sChool levels to improve statistical
literacy in young students aroun world as well as awareness of the related
challenges in training and supp. thematics teachers who teach statistics.

reflective summary of the
were first analysed in Ba
throughout this book.

the Study Conference (part of which
010) and the main ideas discussed
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2 The Situation of Teaching Statistics at the School Level

As suggested by Batanero and Diaz (2010), reasons for including statisties atythe
school level were repeatedly highlighted over the last decades of thefpast century
(e.g., by Holmes, 1980; Hawkins, Jolliffe, & Glickman, 1991; Gal, 2002), for
example, the usefulness of statistics for daily life, the important roléfofistatistics in
developing critical reasoning and the instrumental role of §tatistics_in other
disciplines and in many professions. More recently, the Principles andiStandards for
School Mathematics (National Council of Teachers of Mathemiatics, 2000) and the
Guidelines for Assessment and Instruction in Statistics\Eduecation (GAISE) project
(Franklin et al., 2005) were influential in further developing,statisti¢s education in
the school curriculum in the United States of Amefiea and in‘other countries.

Papers included in the Joint Study Conference Topig/land in Chaps. 1-4 describe
different perspectives and approaches to teachifigstatistics imithie school curricula,
depending on national policies, availability of resourées within a country and the
relevance given to different topics and grade level. However, a general tendency is
that statistics is now taught at very early ages in many,countries; in some, 6-year-old
children start studying basic statisticalf'concepts and“continue to develop these
concepts in all the curricular levels until secondary séhool, where students may study
elements of statistical inference. In addition, quick innovation and globalisation in
the past decade led to a new perceivedicompleXity of reality that affected the
mathematics curriculum, with a shift from ‘eontent knowledge to competences
(Gattuso & Ottaviani, this book) that has also béen reflected in statistics.

3 Teachers’ Attitudes,;Conceptions and Beliefs

While the world is changing rapidly with respect to the prevalence and use of
statistics, the curriculum(in“schools tends to be slow to respond to these changes.
Although statistics as a eontent domain is widely accepted, typically statistics is not
an independent topicsin theischool curriculum but is taught as part of mathematics.
Consequently there 4s‘a néed for a better preparation of primary and secondary school
mathematics teachers, whouare responsible for teaching statistics at these levels.
Teachers’ statistical canceptions and beliefs deserve attention, since mathematics
teachers’ thinking isithedkey factor in any movement towards changing mathematics
teaching andgdetermines both the students’ knowledge and the students’ beliefs
concerning mathematics and hence statistics (Batanero & Diaz, 2010). These issues
were debatedyin the Joint Study Conference Topic 2 and in Part III of this book.

3-8 Teachers’ Attitudes and Beliefs

Teacher education is usually focused on improving teachers’ knowledge with relatively
little attention paid to teachers’ beliefs or attitudes. However, such factors can
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influence the way teachers teach statistics and the extent to which teachers will
apply statistics outside the classroom (Gal & Ginsburg, 1994). Research presented
in the Joint Study Conference (Arnold, 2008; Estrada & Batanero, 2008 #Laneaster,
2008) and summarised in this book (Chick & Pierce; Estrada, Batanero ‘&
Lancaster) suggests that while teachers are willing to learn about and“spend more
time teaching statistics and acknowledge the practical importance of statisties, they
feel their students experience greater difficulties in statisti¢s thamhin other
mathematical topics, and they consider themselves not well prepared to help their
students face these difficulties.

Teachers also have beliefs about instructional goals and héw theéy,are linked with
instructional content. For example, some teachers mayghave a dynamic versus a
static view of mathematics and an orientation towards formalymathematics versus
mathematical applications (Eichler, this book), which gwill in“turn’ affect how they
present topics in statistics. Thus, the implemented /Curricnla for similar content
might differ considerably depending on the teachers?objectives or beliefs.

Some researchers suggest that certain types”of kmewledge — including an
understanding of how students learn specific statistical concepts — are best obtained
in continuing professional development after the teacher has had some experience
in the classroom (Ponte, this book). However, there is lack of opportunity for
teachers’ professional development in Statistiéssbecause they do not actually teach
much statistics and rarely use statistics'to analyse gducational data even though in
general it is relevant to their work as teachers,

3.2 Teachers’ Statistical Knowledge

Many activities in which teaehers engage,)such as “figuring out what students
know; choosing and managing representations of mathematical ideas; appraising,
selecting and modifyinggfextbooks; deciding among alternative courses of action”
involve mathematical reasoning and thinking (Ball, Lubienski, & Mewborn, 2001,
p. 453). Conseqaently, teachefs’ statistical knowledge plays a significant role in the
quality of their teaching,since teachers’ instructional decisions in the statistics
classroom are dependenton this knowledge (Batanero & Diaz, 2010).

This is causg for congern as the research summarised in this book shows that
many teachers umeensciously share a variety of difficulties and misconceptions
with their students“with respect to fundamental statistical ideas. Examples of
teachers’ difficulties with statistical concepts described in this book include: having
little real understanding of the mean and median, having difficulties in creating or
intérpreting ‘graphs; using only verbal reasoning with respect to variation, having
little understanding of standard deviation as a measure of sample homogeneity,
comparing distributions only in terms of averages, confusing correlation and
causation, orgviewing a statistical test as a mathematical proof of a hypothesis.

In addition to specific statistical concepts, teachers may have difficulty when
implementing an experimental approach to teaching probability or teaching through
statistical investigations (Stohl, 2005). Because few teachers have prior experience
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using statistical investigations to conduct probability experiments or simulations,
they may miss opportunities to foster students’ statistical reasoning when engaging
students in statistical investigations or experiments. For example, their appteaches
to using an empirical approach to probability may rely almost exclusively on‘small
sample sizes and fail to address the heart of the issue (Lee & Hollebfandsp2008).

3.3 Teachers’ Pedagogical Content Knowledge
to Teach Statistics

In addition to being proficient in mathematics, Shulman (1987))ydescribed other
types of knowledge needed by teachers to be“competent in the mathematics
classroom. Highly relevant to several chapters 4n“this, book is Shulman’s
conceptualisation of pedagogical content knowledgeyPCK) as a special mixture of
content and pedagogy that is specific for a topie”and thatsteachers develop as a
consequence of professional practice.

Different models to describe the pfofessional Knowledge needed to teach
statistics were discussed in this book. Some of them derive from frameworks taken
from mathematics education and includ&eomplex components such as epistemology,
instructional resources, knowledge about students’ learning, capacity to implement
adequate discourse and communication in the elassroom, and capacity to adapt to
the global school curriculum and social factors (Godino, this book).

Other authors (e.g., Burgess, this béok) offer their own specific model of pedagogical
content knowledge for statistics education that takes into account statistical reasoning
(e.g., as described by Wild & Pfafiikaehsi1999) or concerns the pedagogical expertise
for effectively engaging students in learning data analysis and probability with
technology (Lee, Hollebrands, &, Wilson, 2010; Lee & Hollebrands, this book).

The scarce research related to PEK presented at the Joint Study Conference and
summarised in this books§uggests that the knowledge required for teaching is often
weak. For example, in Gonzalez and Pinto’s (2008) research, pre-service secondary
school mathemadtics teachers'had no training in matters related to the curriculum
and the processes of léarning and teaching; had a scant knowledge of graphical
representation; andydid not perceive the different cognitive levels associated with
graphs or the various components and processes linked to their interpretation. In
another example, ‘€hickéand Pierce’s (2008) research showed that some teachers
lacked the competence to plan a lesson; they did not recognise the statistical
concepts that eould be developed from a particular task or data set and missed
opportunitiesythat are inherent in the task.

The last 1ssuelfaised in Topic 2 was the need to prepare instruments to measure
teachersfstatistical knowledge (Callingham & Watson, this book). Questionnaires,
with PCK items based on student survey items used in earlier studies and students’
actual responses that ask teachers to predict a range of responses their students
might give or how they might intervene to address inappropriate responses together
with statistical analysis, can be used to obtain a measure of teacher expertise in
relation to professional knowledge for teaching statistics.
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4 Analysing Current Practices in the Training of Teachers,
Including Developing Countries

Reports from different participants at the Joint Study Conference agrged that many
of the current teacher training programmes do not yet adequately educate theséwho
are teaching statistics for their task to prepare statistically-literate citizens. Even
when many prospective secondary teachers have a major in mathematics, few of
them have received specific preparation in designingWsample collections or
experiments, analysing data from real applications or using Statistical software
(Batanero & Diaz, 2010). These teachers also need education in the/pedagogical
knowledge related to teaching statistics as described above, given that teaching
mathematics is different from teaching statistics (séeFranklin‘et ale; 2005, or Burrill
& Biehler, this book).

The situation is even more challenging for primary teachers, since in many
countries statistics is included in the school curriculuim,for ¢hildren beginning in
Grade 1 (6-year olds). Clearly, teaching statistigs\to these children needs different
approaches, tasks and methods than teaching statisti€s,in Secondary or high school,
so primary school teachers, in addition to their knowledge of other basic disciplines,
require a profound knowledge of childten’s ‘¢egnitive,development in statistics and
probability. In spite of this need, féw, primary school teachers have had suitable
training in either theoretical or applied“statisties, and traditional introductory
statistics courses will not provide them with the didactical knowledge they need
(Batanero, Godino, & Roa, 2004; Stohl, 2005; Franklin & Mewborn, 2006). Papers
included in the Joint Study Confetence Topic 3 and in Chaps. 5-9 discussed
different examples of successfulfexperiences with courses specifically directed to
train teachers to teach statistics i different countries, some of them based on
theoretical models prescribifig how this traihing should be.

Topic 5, Training teachews Jin,_developing countries, was included in the
conference to engage couatries to study their specific problems. Presentations from
Botswana, Central-Ametica/Chiha, Iran, the Philippines, South Africa and Uganda,
among other countries, ‘showed(that the problems concerning the way in which
teachers are specifically, educated to teach statistics are similar to those described
for developed countries, Beeause successful educational initiatives for teachers
from statistical agencies or gducational authorities in Central America, China, Iran,
the Philippines,{South Africa and Uganda were presented and discussed in other
sections of this bogk, Training teachers in developing countries does not appear as
a separate géctiomyin the book.

S, KEmpowering Teachers to Teach Statistics

Part IV inithis book collects together suggestions and experiences in the education
of teachers that were presented at the Joint Study Conference Topic 4. A consensus
in the chapters in this part is the need for finding meaningful approaches for
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preparing teachers, as teachers do not seem to automatically gain new knowledge
through participation in professional development courses (Arnold, 2008). Some
suggested approaches in the training of teachers include: promotingft€achers’
statistical literacy and statistical reasoning; engaging teachers with real data and
training teachers with project work and statistical investigations; Avorking with
technology; and connecting teacher education to their own practice. Below are
comments on these approaches.

Promoting teachers’ statistical literacy (Ridgway, Nicholsomy & MecCusker,
this book) and statistical reasoning (Pfannkunch & Ben=Zvigthis'beok)’ In many
countries, statistical offices and agencies are providing resourcesithat can be used
to support the introduction of statistical literacy in sehools. However, without
wide-reaching education and professional development ofiteaehers, such resources
are unlikely to have an impact on students. Moreover, in order for teachers to
develop a deep and meaningful understandingef statisticsithat later they can use
to help students develop the ability to think andreasen statistically, it is important
to create a statistical reasoning learning envirgnment in courses they take that
later they can use in their own teaching (Garfieldy& Ben-Zvi, 2009).

Engaging teachers with real data (Hallpthis boek)and statistical investigations
(Makar & Fielding-Wells, this book).4A conclusien of the conference discussion
was that teachers should experiencé ‘the full.cycle of research with statistical
projects, if the goal is to change How<statistics is/experienced in the classroom.
Moreover, when time available for working with'teachers is scarce, some papers
(e.g., Godino, Batanero, Roa, & Wilhelmi, 2008; Batanero & Diaz, 2010) suggested
that a formative cycle where teachérs are first given a statistical project and then
carry out a didactical analysis of the ptoject can help to simultaneously increase the
teachers’ statistical and pedagogicaliknowledge.

Working with technolegy gan be used, both as amplifier and reorganiser to
engage teachers in tasks \that, simuyltaneously develop their understanding of
statistical ideas and allow them toexperience how technology tools can be useful
in fostering statistical thinking (Lee & Hollebrands, 2008). However, teachers
also need adequate pedagogicallknowledge about how to use technology in the
statistics classrdom.

Connecting teacher éducation to their own practice and promoting collaborative
work among teachers (Ponte, this book) are essential to improving professional
practice. It is thgough theexchange of ideas and materials among teachers who have
common problemsyand sieeds that new ideas emerge for the introduction of new
activities, new, practices or new competencies (Arnold, 2008). In particular,
analysing ¢ollective, case studies and discussing teaching experiences and students’
responses tolgiven tasks can reveal the teachers’ lack of specific knowledge of some
statistical coneepts’and promote their statistical and pedagogical content knowledge
(Groth & Xy, this book). The affordances offered by modern Internet technologies
provide new \distance-learning opportunities for the pre-service and in-service
training of teachers, making it possible to overcome the restrictions of shrinking
resources-and geographical locations and to offer high-quality learning experiences
to geographically dispersed teachers (Meletiou & Serrado, this book).
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6 Collaboration in Teacher Education

Because of the inter-disciplinary nature of statistics, cooperation is both
beneficial for those involved in all aspects of statistics education.
Joint Study Conference solicited the presentations of successful exp

collaboration between countries, institutions or university de ts the
training of teachers. Book chapters that describe examples of s rations
have been spread throughout different sections.

The preparation of mathematics teachers has historicag he onsibility

of mathematicians and mathematics educators, alt r tatisticians
have started to play a major role in teacher prepa in a few countries
(Batanero & Diaz, 2010). For example, in the‘nit f America the
GAISE framework (Franklin et al., 2005) was writt, oration between
mathematics educators and statisticians, to provi to those involved
with teacher preparation.

In addition, in many countries statistical office ations are increasingly
involved in producing materials and organis
statistical literacy. Two examples are N
the data and materials provided by Sta
project and associated professional
National Statistical Agency (Hall, this er examples include work by
the Philippines Statistical System and the ippines Statistical Association
(Reston & Bersales, this book), the Iranian Statistical Society (Persian & Rejali,
this book) and the institutions borating in Guangzhou, China in teacher
training (Shihong, Yongdong, Bangquan, & Reisheng, 2008). Collaboration
between countries on researc o served to join efforts of mathematics

educators to develop a fessional deyelopment programme for teachers
(Meletiou-Mavrotheris et .

7 New Issug ise

(this book) who describe
ican and the CensusAtSchool
shops provided by Canada’s

he Conference

The interest of mathematics and statistics educators towards this Joint ICMI/IASE
Study is eviden pters of this book, many of which have been written by
teams that e viously collaborated and include people from different
countries erent academic backgrounds. The Joint ICMI/IASE Study
ngs and now this book covered the topics and questions raised
ence Discussion Document, although not all of them with the
. The discussions held during the Joint Study Conference showed the
the following new issues of particular relevance that would serve to
orient future/curricular development in statistics and that have been included in
Part II is book: fundamental statistical ideas; the role of probability in the
statistics curriculum; the use of technology in teaching and learning statistics; the
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differences and similarities of mathematical and statistical thinking; and the value
of assessment in guiding the learning process. These issues are described below.

Fundamental ideas in the school statistics curriculum. Some commonl agreement
about which basic ideas should be included at school level in ndmber sense,
measurement or geometry seems to exist with respect to international curriculaybut
there is no such agreement with respect to statistics, as curricula afoufid,the world
show a notable variation. An important area of work was the identificationiof those
statistical ideas that seem to be fundamental for understanding and'being able to use
statistics in the workplace, in personal lives and as citizens. Bartill and Biehler (this
book) use different educational perspectives in statistics to“propese a list of
fundamental statistical ideas that should be taught to everyistudent.

The role of probability in teaching and learning statisties. Altheugh the focus of the
study is statistics, since statistics and probability, are /inkedsin school mathematics
in many countries and within mathematics theorypand practice, a reference to
probability in the book was needed, as didactic problemsystill need to be solved in
the teaching of probability (Girard & Henry, 2005). Probability is a field that can
connect to the study of mathematical modelling; but while probability theory often
when taught in a finite context can befvery simple, its abstract model part is not
direct and could require a long periodfofilearning (Chaput, Girard, & Henry, 2008).
Finally the school curriculum seems tQ ignore the subjective point of view of
probability, which is widely used today in the:applications of statistics (Carranza &
Kuzniak, 2008).

Technology. Technology has changéd,many aspects of modern life, and this change
has been reflected in statistics gducation. With software such as Fathom™ and
Tinkerplots™ designed to support-learning statistics, data analysis is no longer the
exclusive domain of statistieians; students\and teachers today can work on their
own statistical projects and be:engaged in the game of statistics, experimenting with
the complete cycle of statistical reasoning (Wild & Pfannkuch, 1999). In addition
to exploring data, technology now is used to explore complex statistical ideas or
processes via simulation, Cemputer software offers the opportunity for students to
learn about modellingypenabling students to build their own models to describe data
and to generate simulationis,that can be explored. According to Pratt, Davies, and
Connor (this bogk), by taking advantage of this kind of software students can see
real world phenemenon fthrough a mathematical model (rather than seeing the
model through the data).

Teaching through project work. Projects and investigations are ideal vehicles for
student engagement, for learning to solve problems in context, and for synthesising
components“of learning (Makar, 2010; McGilliwray & Pereira-Mendoza, this
book). fhe @mphasis should be on students posing their own questions about the
data, interrogating the data and learning new information about the real world from
the data (Pfasnkuch & Ben-Zyvi, this book). The amount of data that can today be
accessedon the Internet suggests that students can choose nearly any topic of
interest to them for their work in the statistics classroom, which can increase
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student motivation. Working with real data also helps students investigate issues
that do not often appear in textbook problems, for example, recognising different
types of data, managing missing or incomplete data, defining variables and
categories of classification, dealing with reliability and validity\ issues ‘in
measurement, designing questionnaires or experiments, screening data‘andidealing
with outliers (Hall, this book).

Mathematical and statistical thinking. An ongoing discussion,in the statistics
education community is how to make teachers aware of, statiStical, thinking as
something different from mathematical thinking, both of thémpbeing essential to
modern society and complementing each other in ways, that strengthen the overall
mathematics curriculum for students (Gattuso, 2006; Scheaffer, 2006). The
differences between statistics and mathematics ar@weflected imythe philosophical,
ethical, procedural and even political questions that are’still being debated within
statistics and its applications, a debate that dog§ et happen oftén in most areas of
mathematics. Statistics is much more closely relatedythan mathematics to other
sciences (from linguistics or geography to physics, engineering, agriculture or
economy) where it is used as the language,and method,of seientific enquiry and from
which many statistical methods were deyeloped (e.g:;agriculture). In this sense it is
also easier in statistics than in mathématies, to establish connections with other
school curricular areas. In spite of thgse differences, teachers often teach statistics in
a similar manner to the way they teach mathematic$, which is not well-suited to the
unique nature of statistics (Makar & Confrey, 2003).

Assessment. Assessment of student J€arning is an important part in every educational
process as it provides informatipn about student achievement in relation to the
intended learning outcomes. Conséquently, assessment has received much attention
in statistics education in €ecent years (sce, for example, Gal & Garfield, 1997).
Garfield and Franklin (this beok) analysed three basic components, cognition,
observation and interpretation thatt underlie all assessment and that must be
explicitly connected in desighing a coordinated whole relative to the purpose of
assessment. In addition {te, the classical distinction between assessment of learning
(summative), and Jassessmentifor learning (formative), the authors suggest that
assessment as learning €ould combine both summative and formative methods and
situate the studentsat the‘centre of the process, engaging students in new learning
by monitoring anhd adapting their own understanding via the assessment process.

8 Final,Thoughts

I'he suecesshof the Joint ICMI/IASE Study indicated that the time was ripe for
collaboration |between mathematicians and statisticians to address challenges
related to the/advancement of both teaching and research in statistics education and
in the preparation of teachers to teach statistics. However, continuous changes and
the rapid development of statistics education as part of the mathematics curriculum
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at the school level and the subsequent need for a better preparation of teachers
imply that this collaboration is not finished with the publication of this book but

should continue in the coming years.

While the chapters in the book provide directions to improve the
teachers, it is important to expand the empirical base of studies to es
and different contexts to assure their validity. Thus, the hope is that the ses,

research and case studies presented and discussed in the book w de a rich
starting point for new research related to improving the teaching s at the
school level and the preparation of teachers to de‘r ha ng. The

recommendations for further research included at the end of ter constitute
a rich research agenda and show the existence of statis duca s a research
field where international collaboration is not only possi uijtful.

Many people, across many countries, have cor& to MI/IASE Joint
Study and to the production of his book. Each hag,sho
the teaching of statistics in school mathematic
large-scale implementation of change there is al
that you have read the book do not just put it do
of interest, decide how you can contri
training and become an active compongnt
statistics in school mathematics and/

interest in improving
ae wa another, but like all
hat can be done. Now
orget. Focus on your area
ing, research or teacher
the changing profile of the teaching of
i eachers to teach statistics.
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