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INTRODUCTION

The present book, Cases of Assessment in Mathematics Educationgis one of
two studies resulting from an ICMI Study Conference on Assessment in
Mathematics Education and Its Effects. The book which is publishedin the
series of ICMI Studies under the general editorship of th¢ President and
Secretary of ICMI is closely related to another study resulting from the
same conference: Investigations into Assessment in Matheématics Education
(Niss, 1992). The two books, although originatingyfrom the same sources
and having the same editor, emphasize different aspéets of assessment in
mathematics education and can be read independentlyof one another.
While the present book is devoted to presentifigiand discussing cases of
assessment that are actually implemented, the other study attempts to
critically analyze general and principal aspe¢ts of assessment. Naturally, the
content of either book is enriched by the, materials and perspectives
provided by the other one.

In order to put this book and it§,background into context, the nature and
scope of the ICMI studies are/outlined briefly below.

Since 1986 the International Commission on Mathematical Instruction
(ICMI) has been engaged in publishing a series of studies on essential
topics and key issues in mathématics education. Previously, the following
studies have been published (all by Cambridge University Press): School
Mathematics in the 1990s (1986)y The Influence of Computers and Informa-
tics on Mathematics ‘and Its Teaching (1986), Mathematics as a Service
Subject (1988), The Popularization of Mathematics (1990), Mathematics and
Cognition: A ResearchySynthesis by the International Group for the Psychology
of Mathematics Edqucation\(1990).

Depending on theytheme under consideration a study may either be
research orientedyer action oriented (or both). In either case the aim is to
provide an_up-to-date’ presentation and analysis of the state-of-the-art
concerning a theme, whether by identifying and describing current research
contributionsyand their findings, or by identifying and discussing crucial,
non-rhetoricalissues involving genuine controversies or dilemmas and the
different pesitions towards them held by various mathematics educators.

InVorder Jto provide a platform for producing an ICMI study the
follewing normal procedure has been adopted (the exception is the study
on cognition). The Executive Committee of ICMI appoints a fairly small,
international Program Committee. Its first task is to write a so-called
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Discussion Document that outlines the theme, the aims, and the scope of
the study, and presents the items and issues to be dealt with. The
Discussion Document is published in international journals (including the
official organ of ICMI, L ’Enseignement mathématique) and newsletters with
an invitation to mathematics educators to respond to the Documentrand to
apply for participation in a so-called Study Conference.

The Study Conference is held with a limited number (50-=100) of
individuals and constitutes a working forum of experts and_nevices with
ideas, experiences and expertise to investigate the theme of/the study. This
investigation is guided by the Discussion Documentpassisted,by working
papers (written by participants), presentations, debates{’and group work.

Finally, the study proper is produced and published under, the general
editorship of the President and the Secretary of ICMI, and based on the
written materials and the work done at the'Study Conference. As every
study is written and edited as an independenrt publication for a wide
international readership, its nature is not that of a conference proceedings.

In May 1989 the Executive Committee ofdfCMbappointed the following
international Program Committee:

Claudi Alsina, local organizer, #Universitat, Politecnica de Catalunya,
Barcelona, Spain;

Desmond Broomes, University of the“West Indies, Bridgetown, Barbados;

Hugh Burkhardt, Shell Centre for Mathematical Education, University of
Nottingham, UK;

Mogens Niss, chairman of the Program Committee, Roskilde University,
Denmark;

Thomas A. Rombergp National Center for Research in Mathematical
Sciences Education, University of)Wisconsin-Madison, USA;

David Robitaille, University of British Columbia, Vancouver, Canada;

Julianna Szendreif O.P1.\(National Institute of Education), Budapest,
Hungary

The Discussion Decument was officially published in L’Enseignement
mathématique, 36, fasc.1-2, Janvier-juin 1990, 197-206, as well as in a
number of\other journals and newsletters.

ThegStudy Conference which was held at Cap Roig, Calonge, Spain,
11-16, April, 1991, had 80 contributing participants from 25 different
countries, in JEurope, North America and the Caribbean, Asia, Oceania,
Africa andthe Middle East.

A Note on Terminology
Some terminological clarification may be in order. The field we shall be

dealing with frequently uses terms such as assessment, evaluation, tests,
exams. However, these words and their counterparts in other languages
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carry quite different connotations within different educational systems and
contexts. The variation is so large that the same word often has different
meanings to different people. We shall confine ourselves to making one
distinction, namely between assessment and evaluation.

While assessment and evaluation are often used interchangeably weishall
adopt, as was suggested in the Discussion Document for the present study,
the following terminological convention:

Assessment in mathematics education is taken to concern the,judgingof
the mathematical capability, performance, and achievemeft —all three
notions to be taken in their broadest sense — ofgstudentsywhether as
individuals or in groups, with the notion of "studefit’ rangifig from
Kindergarten pupils to Ph.D. students. Assessmentgpthus_ addresses the
outcome of mathematics teaching at the student level. Eyaluation in
mathematics education is taken to be thejudging ofyseducational or
instructional systems, in its entirety or inyparts, as,far as mathematics
teaching is concerned. Evaluation may coricermisystem components such as
curricula, programs, teachers, teacher training, andispecific segments of the
educational system such as schools or schaol distriets etc. So, evaluation
addresses mathematics education at'the systemsilevel.

When tests and exams are cofisidered to,be ways of judging student
performance they are special forms of/assessment and are thus subsumed
under the assessment category. As“a centradistinction, when tests and
exams are viewed as being part of the modes of operation of an education-
al (sub)system, or when the outcomes of tests and exams are used as
indicators of the quality of such\a system, as is the case with international
performance comparisonsy ‘€xams and tests belong to the realm of
evaluation. This duality shows features of the general relationship between
assessment and evaluation: Assessment items — in particular assessment
results, but also assessment modes — may be involved in the judging of
system aspects, hemnce they, would form part of an evaluation activity. The
converse normally Will not hold for evaluation; for instance the appraisal
of teachers willfoften invelve a multitude of components having nothing to
do with assessment of students. So, the relationship between assessment
and evaluation is not’a symmetrical one.

In the present study the emphasis will be on assessment as defined above
rather than on'evaluation. Due to the duality just mentioned this does not
imply/thatevaluation issues will not be considered. However, only those
aspects'of evaluation which have to do with assessment of students will be
given explicit attention.

Why a Study on Assessment?
In recent years, assessment has attracted increased attention from the

international mathematics education community. There are numerous
reasons for this. One seems to predominate. During the last couple of
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decades, the field of mathematics education has developed considerably in
the area of ideals and goals, and theory and practice, whereas assessment
concepts and practices have not developed so much.

The mathematics curriculum has claimed new territory. First, when it
comes to content, aspects of applications and modeling, cooperation,with
other subjects on topics of common interest, philosophy and history ‘of
mathematics, problem-oriented creativity, explorations and experiments
aided by computers and informatics have been included in_guite“a few
programs and curricula round the world. Secondly, we haye witnessed a
remarkable expansion of the spectrum of workingyformsyand “student
activities. Extended investigations of pure and applied mathematicsyproject
work, scientific enquiry and debate, out-of-classroom activities, experimen-
tation, group work, and so forth, are no longer yutopian entities in
mathematics teaching. As a result, a much br@ader notion,of mathematics
and mathematics education has emerged.

These developments have nof, however,ybeen“matched by parallel
developments in assessment, where valuesgnotion, and theory, practice,
modes, and procedures are concerned.| €onsequently, an increasing
mismatch and tension between the¢'state of mathematics education and
current assessment practices are materializing. It may well be the case that
the ideals and goals of matheématics“education were never really in
accordance with the assessment modes available to mathematics educators
but, as in former times post-elementary mathematics education was offered
only to a minority of children and youth, the problems created by the
mismatch were, perhaps, less serious, or at least thought by mathematics
educators to be less seriOmss, At any rate, expanding the notions of
mathematics and mathematics edueation has undoubtedly widened the gap
between contemporary mathematicsyteaching and traditional assessment
practices.

This gap has put assessment on the agendas of mathematics educators.
In the interest of trutl, it should be said that this is a rather new phenome-
non. The development of mathematics teaching during the last three or
four decades” has ‘emphasized curricuilum reform — of different and
sometimes&ven contradictory types, that is true — as the most important
task. Concurrently mathematics education, as an academic field, has
focused_attention on the conditions for and processes involved in the
learning “of)mathematics, in particular regarding the formation and
acquisition of mathematical concepts. This largely left assessment out. Thus,
it was viewed as a less important factor in mathematics education, a factor
that in‘addition was "external” to mathematics education in several respects.
To the extent assessment has attracted the attention of mathematics
educatOrs, it has often been due to uneasiness about its role and function.
Traditional assessment modes, especially examinations and tests adminis-
tered "from outside", have, in many cases, formed one of the factors that
hindered or slowed down curriculum reform.
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Now that curriculum reform has been, or is being carried out in many
places, the situation has changed. The roles, functions, and effects of
assessment in mathematics education should no longer be neglected; rather,
they should become objects of investigation and examination for several
reasons (see Commission Internationale de ’Enseignement Mathématique,
1990):

o The roles, functions, and effects of contemporary modes,of assess-
ment are neither clear, nor well understood.

o Current assessment modes and practices involyeconflicting interests,
divergent aims, and unintended or undesiredyside-effects. In
particular, it is difficult to devise assessmént gnodesiwhich at the
same time: (a) allow us to assess, in a valid and reliable way, the
knowledge, insights, abilities, and skillsirelated to the'understanding
and mastering of mathematics in its, essential, aspects; (b) provide
genuine assistance to the individual learner i monitoring and
improving his or her acquisition of mathematical insight and power;
(c) help the individual teacher in monitoring and improving his or
her teaching, guidance, supervision, and’ counseling; (d) assist
curriculum planners and authorities, textbook authors, and in-service
teacher trainers in adequately'shaping the framework for mathemat-
ics instruction,

o The difficulties involved in devising and employing effective,
harmonious assessment modes, free from serious internal and
external problems, seem'to be fundamental and universal in nature,
and hence worthy of beingdealt with from an international perspec-
tive.

The Content of this Book

It is the purpose ofiythis study to explore selected cases of assessment in
mathematics edueation.This is done by presenting and examining current
assessment practices,in a number of nations, and by identifying and
discussing examples, practices, and ideas that will contribute to linking
together assessment with the purposes and goals, the implementation and
the outcemes of mathematics teaching.

Some chapters give an overall presentation and examination of the state
of assessment in mathematics education in countries which have adopted
assessment’concepts and practices that in some way are "archetypical’, i.e.
represent rather characteristic formats of assessment recognizable, though
not necessarily widespread, in several other countries as well. This is the
caseywith the chapters written by Luis Rico (Spain), Desmond Broomes &
James Halliday (Barbados), Murad Jurdak (the Arab countries), John Dossey
& Jane Swafford (the United States), Margaret Brown (the United King-
dom), Luciana Bazzini (Italy), and Gunnar Gjone (Norway).
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Other chapters present national, centralized assessment practices that
are unconventional but interesting blends of well-known formats. The
chapters by Hans Nygaard Jensen, and Kirsten Hermann & Bent Hirsberg
(Denmark), Wim Kleijne & Henk Schuring (the Netherlands), and Max
Stephens & Robert Money (Australia) are of this type.

A third category of chapters presents the assessment modes adopted for
specific curriculum programs or projects that are non-compulsery in,their
country. The papers in this category include those written by Edward Silver
& Suzanne Lane (the United States), Chris Little (the United Kingdom),
Leonor Cunha Leal & Paulo Abrantes (Portugal), Wei,Chao-qun & Zhang
Hui and Cheng Zemin & Lii Shaozheng (China).

The book is concluded with a chapter (by RuthnSweetnamiythe Interna-
tional Baccalaureate, UK) that describes the assessment practices of the
International Baccalaureate which is attracting a“ comsiderable and
increasing number of students from all pagts of thehworld.

When it comes to instances of innovafive or,experimental assessment it
should be noticed that these may not onlygbefound, with non-traditional
curricula but also with centralized, national assessment systems. So, a
reader who is particularly interested’in the inngvative aspects of assessment
would be well advised to look for these in all the chapters of this study.
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NOTE
A substantially enlarged version of this introduction is contained in the other I

on assessment in mathematics education, Investigations into Assessment in ti
Education: An ICMI Study (Niss, 1992).
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LUIS RICO

MATHEMATICS ASSESSMENT IN THE
SPANISH EDUCATIONAL SYSTEM

1. INTRODUCTION

The Spanish form, indeed culture, of assessment is inevitably a product of
Spanish society itself, where many habits and customsthave undesgone great
changes in the past few years. To understand the preSent, situation it is
helpful to know something of its immediate antecédents.

The Spanish educational system that has been in‘operation for the past
few years is the result of the General Education'Law of 1970'(Ministerio de
Educacién y Ciencia, 1972), which represefited a great effort, at the time,
of rationalization and modernization of the‘educational structures which
had been formed during the dictatorship.

At the end of the 1960s it was necessary to'support and complement the
social and economic changes which had taken‘place in society in general
by making equivalent changes{in the, edueational field. The present
education system was designed with help and advice from the UNESCO
and the OECD. It established a single period of compulsory education,
from 6 to 14 years of age, called General Basic Education.

The new system branched,out into: (a) a noncompulsory, academically
oriented secondary education plan of study, usually leading to university
study, called "Bachillerato®(GCE), and (b) a second, practically oriented
plan, where studies related to the demands of the labor market and the
need for technical training, calledyVocational Training. Formally both
branches were suppesed toform a single Secondary Education System.

Among the changes intfoduced by the General Education Law (GEL)
were those €oncerningpthe assessment of educational performance. Before
the introduction of the 'GEL, the most important activity in the Spanish
evaluation system was/concerned with the administrative work of control
and promotion. Therefore, in the official documents of the time we can
find continuous.zéferences to terms such as "exam" or "test", "mark" or
"qualification". The activity of evaluating, judging, controlling, and directing
the work of students did not go further than giving a final qualification, the
passing of a section of schooling.

The GEL tried to change this situation with a completely new orienta-
tion to\ student assessment. Among all the changes proposed, I will
emphasize the following:

M. Niss (ed.), Cases of Assessment in Mathematics Education, 9-20.
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The assessment of performance refers to the pupil’s development as
well as to institutional actions.

The assessment of the pupil’s performance should take into account
the formation and instructional level of each course as well as an
appreciation of all aspects of the pupil’s development and his.er her
aptitude for further study.

The assessment should be carried out using a system of continuous
assessment.

A confidential record should be kept of the data and obsetvations
on the student’s progress both of continuous assessment and of the
set of formal tests, as well as of any other information necessary for
the pupil’s adequate orientation and education.

The final mark in each course should include\a qualitative appraisal,
which may be positive or negative, and@weightedievaluation if the
mark is positive.

Quantitative marks are forbidden{“and qualitative assessment is
stated using a system of categories.

Continuous promotion within the compulsory period of schooling is
established; provision is madéfor pupilsitesSpend a further year in
the same class if they have/notsshown,a sufficient command of the
material.

The assessment of pupils in Bachillerato courses will involve a joint
marking system, carried out by the teachers in a collegial manner,
following the criteria of the program in question and by assessment
criteria laid down by the\didactic seminars.

The Spanish school,system adapted slowly, and at great expense to the
assessment methodology introduced by the General Education Law of 1970,
especially in three areas:

o

(o]
[¢]

The disappearance of quantitative marks, and their replacement by
a systemyof categories.

Continuous promotion within the compulsory period of schooling.
The development of new methods and instruments to carry out a
finer \contintious assessment more closely related to the pupil’s
learning.

In\the seventies the assessment model that was used was criterion-
referencedpbased on a more or less exact determination of the objectives
to'be achieved by the pupils, the elaboration of item banks appropriate to
these objectives, and the administration of tests that measured whether the
pupiltad achieved the objectives set out.

In' Spain the development of the General Education Law led to the
establishment of a mathematics curriculum based on the "new mathemat-
ics". We can state that the model of operative objectives, together with an
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emphasis on the formal and structural aspects of the organization and
development of the contents, led to a clearly behavioristic conception of the
learning of mathematics. This also affected the design and development of
the assessment techniques and instruments used.

The emphasis was on the knowledge of facts and definitions and,the
performance of operative skills, among which we could emphasize“the
control of the properties used in each step, and the insistence on‘a formal
explanation of each component used in the deductive reasoning process.
The neglect of the use and practical application of mathematical knowledge
reached alarming proportions. Spatial and plane geometry were |totally
abandoned. By the mid-seventies, this model was exhaustéd; because of the
Spanish political situation, with its process of political reform and the
establishment of democracy, efforts to improve edueation were limited.

At the beginning of the 1980s a review of(the educational system was
considered. The socialist government, which,cametéypower after the 1982
elections, at first limited itself to a conSideration of the renovation of
examination papers and teaching programs It hassnow embarked upon a
much more ambitious project. Integration into the,European Community
has brought with it the need to extend the periodiof compulsory education
to 16 years of age, an enormous changéyin the\education system in force till
now. A period known as "thé“Reform™ began in 1986; the relevant
characteristics of our future education system are now being subjected to
a social and technical debate.

2. THEJPRESENT SITUATION

In 1991, with the announeement of the new Law for the Organization of
the Educational System, the bases and principles on which education in
Spain is going to based in,the years to come have now been established.
Education ispnow ‘compulsory from 6 to 16 years, and there are two
different levels{ ‘Primary Education from 6 to 11 years, and Secondary
Education from 1216,16 years. Preschooling is open to all children from 3
to S years, @and, in time, it will cover the years from birth to S. The form
this new system has taken was preceded by an extensive debate and
consultation ‘with'the various social institutions. It has been made explicit
in a feries of programmatic documents published by the Ministry of
Education and by the technical advisers to the Autonomous Communities.
These documents are known as the Basic Curricular Designs.

The Basic Curricular Design (Ministerio de Educacién y Ciencia, 1989)
prepared by the national administration presents key ideas that nurture the
Reform, including those concerning the new principles of assessment and
evaluation. This document consists of four sections. In the first section, the
theoretical and conceptual principles that have inspired the Reform are
established. As a starting point, the existing educational system is described
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and the need for a new frame of reference and the general characteristics
of that frame of reference are described. The notion of curriculum, its
functions, and the questions that should be answered are discussed; among
these are the questions of "what, when, and how to assess". This section
also establishes the distinction between curriculum design and currieulum
development.

The second section is devoted to presenting the Basic Curricular Design,
and indicating the functions that it fulfills, and the levels of responsibility
and application that it expects. The constructive ideas on which‘the,design
is based are explained in detail; they emphasize the need tostart from the
pupil’s level of development, the need to ensure théyconstriietion of
significant learning with learner autonomy, and ways te medify the pupil’s
knowledge schemata using intense activity.

These assumptions have the following implications foryassessment:

O Assessment enables us to collect“infermationy”’to make value
judgements, to orientate the teaching/l€arning process, and to make
decisions about this process.

o The objective of assessment j§ to evaluatepabilities.

0 Abilities are expressed inghe list of \general objectives by school
level and subject area.

o Abilities are not assessed direetlyibut indirectly, using the appropri-
ate indicators.

o Itis not the aim of assessment to measure behavior or performance.

o Assessment should be ¢ontinuous and individualized; it should be of
a formative nature afidyshould aim to establish valid criteria.

o The aim of asséssment should be to orientate the pupil and to guide
the teaching and leéarning process.

o The design also contemplates carrying out final assessment at the
end of school levels, or cycles.

Some furtherfeonsiderations are in order here: The previous sections are
mainly of a theoretieal character; there is no indication whatsoever of the
way they shéuld be carried out in practice. The document offers no method
or tools forythe "indirect" assessment of pupil’s abilities. The lack of a
concrete_proposal for assessment makes the change very difficult, and the
majority of classroom teachers still have to rely on the traditional method
of "behavior ‘or performance" to assess their pupils. As you go further up
the levels 6f'the school system, the reality of assessment is very different
from what the design intends. Because of the social pressure to get an
outstanding qualification, pupils give more importance to those aspects of
education which may help them pass their standard tests successfully than
those which may help develop their understanding and knowledge of a
subject.



ASSESSMENT IN THE SPANISH EDUCATIONAL SYSTEM

With respect to mathematics, it is clear that activities that lead to
knowledge of facts, definitions, and concepts as well as the skills of
calculation, reasoning, and representation, are predominant and make up
practically all the activities of assessment. This is especially pronounced in
the final courses that end the period of secondary education, where the
tradition of equalizing assessment with exams, evaluation with qualification,
and orientation with promotion are strongly established. It is difficult to
introduce other possibilities.

In the third section, the components of the Basic Curricular Design’are
described at the levels of stage and subjects area. Ingthe curricular design
each subject area which makes up the curriculum of compulsory €ddcation,
including the area of mathematics, should consides” fourhyfundamental
components:

Objectives
Contents
Methodology
Assessment

O 00O

These four components make up a‘system\presenting interrelationships
which must be emphasized and/developed; they cannot be considered in
isolation. The objectives establish ‘thetabilities which should have been
acquired after the initial educational periods. They refer to five types of
human abilities: cognitive, motor, affective, interpersonal, and social. The
contents include: concepts, facts and principles, procedures, values, norms
and attitudes.

In this third sectiom, the field“of, competence assigned to the school is
also established and should take shape in a document called Project and
Curricular Programming. The decument explains the set of decisions that are
made with respect fo what, how, and when to teach and assess. This seems
to disseminate the'id€as and provides coherence and identity to regional
centers.

Finally, a fourth Section is dedicated to indicating lines of action that are
of high priérity to the administration. Six lines are presented: teacher
training, cursiculap'materials, support services for the school, organization
of centers, education research, and assessment. With respect to assessment,
threeflevelsiare established: pupils, centers, and the educational system.
The principle/of continuous promotion of pupils is specifically recognized,
as well‘as th€ conditions for moving into the next cycle and the certificates
that will be obtained in each case.

The assessment of the centers is entrusted to an inspectorate service with
specifi¢ functions. The service recognizes that the curricular project of the
center conducts its assessment, but is concerned with the assessment of the
education system. Its document, valid for the whole compulsory education
period, follows the general principles that mark the path Spanish education
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is to follow. It includes a more particularized section where each of the
stages, primary and secondary, of the system are presented. These sections
describe the general characteristics of each stage, its objectives, its
curricular structure, and its corresponding didactic guidelines. The
document includes a presentation of each of the areas of knowledge, that
make up the curriculum of each stage. In each area there is an intzoduction
that presents the principles around which its development will bé-articulat-
ed. The specific objectives of the area, the blocks of content, and didaétic
and assessment guidelines are stated.

3. THEORETICAL FRAMEWORK OF ASSESSMENT IN MATHEMATICS

The fundamental ideas that appear in the guidelines for assessment in the
area of mathematics (Rico, 1990) are the following:

1. Reasons for assessment

0 We have to carry out systematic observationsso that the teacher can
make judgements about theprogress of the learning process.

0 Assessment is an integral and fundamental part of the teaching and
learning process. Assessing performance enables the teacher to
control and improve it. The pupils’ reflection on their achievement
problems help them control and get involved in the learning process.

o0 Assessment has to consider attitudes and general procedures. To do
this we must modify the‘usual techniques and instruments.

0 Assessment is notdapgeal in itself; it must be continuous and
differentiated foergeach individual pupil.

2. Self-assessment of pupils. and teachers
o Self-assessnient requires pupils to carry out a critical reflection on
the learning process and take responsibility for their education; self-
respect And independence are also fundamental.
o The observation, assessment, and adjustment of the teacher’s
performance i§ a key factor in the teaching/learning process.

3. Instruments for observation and assessment

o/ The tecording procedure should be simple and not require much
time. One card per pupil should be used to note observations about
how”attainment of the learning objectives is shown; the results of
specific tests should also appear on the card.

o The observation of each pupil should be carried out on a regular
basis, and criteria established to guarantee this. Discussions in class
give an opportunity to appreciate the pupil’s ability to argue
coherently, their command of vocabulary, and the respect they show
to others.
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o The class notebook can be another source of information; the
activities carried out by the pupil should appear in it: exercises and
problems, summaries and diagrams, etc. The data which the
notebook provides are the level of critical and graphical expression,
work habits, etc.

0 We can also get information by carrying out specific assessment
activities. There are a wide variety of types of tests with advantages
and disadvantages. It is advisable to select those that providera
multitude of possibilities to draw out the initiative and ability of'the
pupils.

o To fulfill the orientative aim of assessment wegmust ififerm the
pupils of the successive evaluations that haye been carried out on
their learning process, indicating to them alternativesfor remedial
work — if necessary — and pointing ouf achievements)and progress.

This theoretical framework does not/describe ‘theyreal situation of
assessment in Spain at the present time. Other considerations will enable
us to grasp more accurately the status of asséssment in mathematics in the
school system.

4, CONDITIONS THAT AFFECT ASSESSMENT IN MATHEMATICS

In the current situation, assessment in/mathematics in Spain has the
following features:

1. The most innovativeyapproaches, that are connected to the most
advanced currents withinmmathematics education, have been put forward in
the framework of renewal and change to reform the education system.
Some of the important ideas that have contributed to the curricular design
for mathematics are the developmental framework for constructing
mathematical” Knowledge, the importance of inductive reasoning and
intuitive proceduresyin the work of mathematicians, the potential of
mathematig§“as an' instrument of communication, and the essential
constructivepaspect of the elaboration and acquisition of mathematical
knowledge.

Ledrning'mathematics is considered to encourage the development and
acquisition of very general cognitive abilities, but emphasis should also be
put on wutilitarian and pragmatic aims such as mathematical needs in adult
lifé. In'this same way participation of girls is especially fostered. Cognitive
psychology has been considered in the way in which the contents and the
differefit competencies that are indicated in the objectives are classified and
organized.

We can say that the mathematics curriculum design has been inspired
by the most well-known and respected trends in the communities of Anglo
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Saxon mathematics educators (Romberg, 1989). There is a strong tendency
to give the cognitive competencies derived from the procedures and
strategies necessary for problem solving greater value than they had been
given previously. The traditional curriculum of Spanish mathematics,
heavily influenced by the French and Central European rationalists, and
structuralists, has been considerably modified by empirical, pragmatic, and
procedural ideas coming from the Anglo Saxons and, partially,"from the
Dutch.

2. We should take into account that the majority ofgthe teachers working
today were trained during the 1970s and so their training#vas structuralistic,
with a great emphasis on formalism, on correction of procédures and on
conceptual control using definitions and symbolic notation.

Before the 1970s, the majority of seconddry teachersiin/charge of this
subject were not specialized in mathematics. Ahi§,situation fortunately
changed lately. Nowadays most secondary’teachers —more than 80 percent
— have a degree in mathematics (university graduates with 5 years of
training). Yet, even though the technical knewledge of secondary mathe-
matics teachers has improved, 'the psycho-pedagogic training is nonexistent
or very deficient. Their only soufce of information is their own teaching
experience. Only a few small gfoups,have-worked in a systematic way on
didactic problems, taking psycho-pedagegic/training to some very worthy
levels, but having a limited influence.

However in the past few years, a scarcity of university graduates in
mathematics who could occupy secondary education teaching posts has
been noted; it has begunftogbe\normal for a graduate in chemistry or
biology to teach mathematics at these levels. On the other hand, primary
teachers have training ih, mathematics that is sufficient to teach at the
primary level. The knowledge they have is different in nature from the
knowledge that al university graduate has, and they have very little
awareness ofythe specific nature and use of mathematics in their own field
of work. Evengwhen the psycho-pedagogic training that primary teachers
have received is considerable, the connection between this training and the
role that they'should play as mathematics teachers is not well established.
So we findyourselves in a situation where the present members of the
teaching profession come from two very different types of training, each
having one wery well-developed component and the other very weak or
nonexistent. Both types are, to a certain extent, complementary; however,
a systemati€ collaboration between them which would have been profitable
for both parties has not been favored.

Although the approaches of the reform are advanced and are connected
tethe'most up-to-date current in mathematics education, present teachers
are not prepared collectively to take over this task. The prospects for the
future are even more dismal since the decrease of the numbers of
university graduates in mathematics who are preparing to become
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secondary teachers is accelerating. On the other hand, the mathematics
training of future primary teachers is not going to improve immediately.
The present administration does not have a specific plan for the basic
preparation of mathematics teachers. Because of this and the opportunities
offered in the labor market, mathematics teaching post are in thefuture
going to be covered by graduates who have neither adequate preparation
as teachers nor as mathematicians.

3. The current model of assessment is centered basically /on “paper-and-
pencil tests in which pupils are to show their command of the facts, skills,
and definitions that make up the most fundamental andésimple aspects of
mathematics knowledge.

It is very rare that the pupils are presented with ereative activities or
that their competence is assessed when they €onfront‘tasks that they have
not previously tried and in which they have to putite useall their knowl-
edge of one specific subject. Even when groups,and teams have worked on
innovation in mathematics teaching/learning; theéymajority of their efforts
have been centered on determining and clarifying the objectives, organizing
the contents or incorporating new topics into thedcorresponding levels of
teaching and above all, elaborating a wide vagiety of treatments, adaptions,
resources and planning of activitieshSuchwork may be used to determine
the treatment and methodology withwhich to control the content to
facilitate learning.

Systematic work on innovation in assessment is very scarce, and its
diffusion to groups other thar those who developed it, is even more scarce.
The innovations in the oth€myeomponents of the mathematics curriculum
(objectives, contents,yand methedology) have not influenced the develop-
ment of new approachesyin assessment.

4. The term evaluacion’ has been contaminated strongly in the Spanish
educationalsystem; itds usbally identified with exam, final test, or mark. As
the pupil goes thirough'the'system, the weight of assessment lies increasingly
on the final examination as an administrative act. Pupils of any level
immediatel§“identify assessment with exam, with promotion, and with
control.

A survey“carried out recently with pupils from different levels of the
education system showed the identity between assessment and a final test,
and ‘the identity was strongly criticized for its limited and deficient
character.Papils perceive the institutional system of assessment as having
no other aim than that of supervision, which they reject. Even in that
minority of pupils who feel gratified by their good results, there is no doubt
that theé main aim of the assessment is the control of the pupils’ knowledge.

5. At the congress on Mathematics Teaching and Learning, which took
place in Castellén in March, 1991, the present system of assessment of
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" mathematics in secondary teaching was characterized by the Working
Group on Assessment in the following way:

o

There is a rigid pattern of timing, since the assessment is centered
on one or two written tests each term, with some weeks dedieated
exclusively to carrying out examinations or reexaminations.

The explicit aim of the tests is to give a course mark.

The overall character of the marks given to the pupilsgis, thatiof a
summary of different aspects and information obtained with different
exercises; the complexity of the learning achiéved by the pupils is
masked by assessment that yields one item of information!

The level of an acceptable command of theyknowledge,is indicated
by an arbitrary line, which is called the "pass level" or "to have a
five" (i.e., to get S out of 10).

Neither the pupils’ mistakes nor their unanswered questions are in
any sense evaluated.

Competency tests are set in parts, and“impymost of the cases the
contents of the parts that are passed are not'€xamined again.
There is a compulsory retést in September for a considerable
number of unsuccessful pupils; those who do not pass the retest must
repeat the course.

At this same congress, the teachers in‘the Working Group, after a long
debate about the criteria to{be used for assessment, pointed to the
following ideas as goals to be aimed for:

o

(o}

Assessment should considerthe pupil’s ability, not only at the end
of the course but atthe beginning.

Assessment should“bega continuous process, providing reliable
informationfabout the progress and deficiencies of the pupils; it
shouldiserve @s,feedback to pupils and teachers.

Assessmeént, should be a constant activity in the teaching/learning
process; we.must abandon the ritual of isolated and particular acts
linkgd to assessment.

Theformative character of the assessment process must be under-
lined, ‘and punitive connotations taken away; assessment cannot be
equated with the final mark.

Assessment should affect not only the pupil but also the teacher and
those other elements of the education system that contribute to the
pupil’s achievement.

The assessment of each pupil should be carried out on a personal
and individualized level, taking into account that it is not always
possible to evaluate all the pupil’s learning. On the other hand, we
must not only evaluate the pupil’s command of concepts but also his
or her attitudes and procedures.
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5. CONCLUSION

The intellectual restlessness of the Spanish teachers in General Basic
Education with respect to assessment is an indicator of their awareness that
at the moment there is a strong need to orientate the evaluations,and
judgements of the teacher in a direction that will contribute to,effective
learning and to the development of pupil’s self-esteem, communication
ability, and social integration. We can perceive that it is a vitally,important
field of work, and in this sense, the community of mathematics‘education
in Spain is beginning to work systematically and in aseoordinated fashion,
contributing to the diffusion of individual and group igitiatives'ini assess-
ment. This has been shown in the Working Gteup on Assessment in
Mathematics that met in Castellén (1991), and in|the,studies that are in
progress in Barcelona, Valencia, Salamanca, Madrid, Zaragoza, Tenerife,
Sevilla, Malaga, Granada, and many othergtownSthreughout Spain.

Although it is a very difficult task, therepare key'ideas that should
orientate the future work. Of these ideas” we 'want to underline the
following ones:

First, we should consider assessment'as a contingous and interdependent
process with the other components in‘the cugriculum; contents, objectives
and methodology cannot be dealt with/as isolated questions in the process
of assessment, but rather must be centémplated as interconnected.
Assessment is not an isolated single element but one that should impreg-
nate all the stages that make up mathematics teaching and learning.

Second, the formative and orientative character of assessment is another
idea that has to be developédspassessment should be considered a critical
judgement that stimulates, orientates, and promotes a better understanding
and a greater control jof knowledge ‘on the part of the pupils, that shows
them the mistakes and defeets of their work, that marks their path to
success, and that makes them feel satisfied with the effort. The teacher
should stimulate andddevelop this style of working on a day-to-day basis.

And finally, e, needto use a variety of methods and instruments, some
which are systematic,, and others that favor the creative aspects of
mathemati¢s,“to show the many facets of a rational organization of
knowledge; yand to stimulate invention. This result of the effort and
evaluation of the'teachers will serve not only to encourage the development
of the¢ pupil’s potential, but also to document it.

NOTE

The present study was commissioned by the Spanish Federation of Mathematics Teachers’
Societies, following a proposal made by the Andalusian Society for Mathematics Education,
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"Thales". My thanks to Neil Maclaren, Luis Quereda and Jeremy Kilpatrick for their
assistance with the English translation.
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MAJOR ISSUES
IN ASSESSING MATHEMATICS PERFORMANCE
AT 16+ LEVEL: A CARIBBEAN PERSPECTIVE

1. INTRODUCTION
From London, England to Bridgetown, Barbados

The Caribbean Examinations Council (CXC) under a mandate from fifteen
territories of the English speaking Caribbean(region (Anguilla, Antigua &
Barbuda, Barbados, Belize, British Virgin Islands;, Dominica, Grenada,
Guyana, Jamaica, Montserrat, St Kitts-Nevis, St Lucia, St/Vincent, Trinidad
& Tobago, and the Turks & Caicos Islands), has been constructing and
administering secondary school certificate €xaminations since 1979. These
territories are members of the segional “organization, the Caribbean
Community for Economic and Social Development (CARICOM). They
spread across the Caribbean Se¢a, blug'and green, in a crescent of islands
and two mainland territories from Belize,in the northwest to Guyana in the
south, cover a total land area of about 258,000 km* and have a population
of 5.5 million approximately.

These English speaking térxitories which were former colonies of the
United Kingdom, modelleditheif,education systems to a very large extent,
on the education system of BritainaAfter five years of secondary schooling,
students wrote external, examinations such as General Certificate of
Education (GCE) Ordinaryplevel“of London University or Cambridge
University. The mére able students continued schooling for a further two
years and wrete therAdvanced Level examinations of the same universities.
Passes in five gubjeets at the Ordinary Level and two at the Advanced
Level were usually’accepted by universities in the United Kingdom and in
North América as matriculation requirements.

The GCE syllabuses and examinations as set by British institutions
usually reflected the cultural biases and educational philosophies of Britain.
Conséquently, some of the course outlines and emphases were irrelevant
to the'meeds of the Caribbean territories. It was natural, therefore, that as
these territories moved towards political independence, the urge to develop
educational systems and secondary school examinations more relevant to
their needs and aspirations became critical. CXC was therefore established
in_1972 to provide, through the activities of Caribbean teachers and

M. Niss (ed.), Cases of Assessment in Mathematics Education, 21-33.
© 1993 Kluwer Academic Publishers. Printed in the Netherlands.
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Caribbean economic and cultural institutions, relevant secondary school
syllabuses and examinations to replace those of the British Overseas
Examinations Boards.

The impact of CXC’s examinations on the curricula of secondary schools
in the Caribbean region was profound. Schools expanded their curricula
both quantitatively and qualitatively. In 1979, CXC first offered,examina-
tions in five subjects. By 1990 CXC offered thirty-three subjects:Im1979,
30,276 candidates wrote 61,584 subject examinations; in 2990, 73,540
candidates wrote 281,599 subject examinations. In particular; over the same
period, candidate entries in mathematics grew from#i19,80510,50,034.

2. THE EXAMINATION-CURRICULUM DIALOGUE

School certificate examinations tend to exert/tremendous influence on
individual students, on schools, and on the community a§' a whole. Many of
these effects are salutary and beneficial 40 thewindividual and society,
provided that the quality of the tasks used't@,assess students and hence to
evaluate school programs, meets/certain established psychometric and
ethical criteria.

CXC seeks to construct qualitytests’having certain desirable psychomet-
ric properties by employing, so to speaks, a‘research design with a set of
independent variables. The principal independent variable that is manipu-
lated by CXC in designing tests for school certificate examinations, relates
to the nature and size of the, cortespondence that exist between the domain
of instructional activities dctiialiy\delivered to students and the domain of
content included in \the’ tests. The domain of instructional activities is
usually defined as the Sehool program and partly described in a CXC
syllabus.

CXC syllabuses were developed in a rational and systematic way. A
major CX@lpolicy was_to0 develop syllabuses which were sensitive and
responsive to Specific regional needs, and to establish testing practices
which were informedby the extant progressive ideas from the international
measurement” community.

The syllabus development in each subject area was set in motion through
a seriesgof meetings and consultations with practicing teachers, curriculum
specialists, measurement experts and distinguished educators in the
Caribbean region. Further technical advice came from renowned interna-
tional educators and testing institutions. For example, in the formative
years, Caribbean examiners performed examination tasks under guidance
of London and Cambridge examiners, while technical advice and training
inggm€asurement and testing were obtained from Educational Testing
Services, Princeton, USA, and the Ottawa Testing Unit, Canada.

In many ways, therefore, CXC syllabuses and examinations sought to
exploit the existing know-how about syllabus construction and test
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development and to go beyond by imposing a Caribbean mould on what
was being done, how it was being done and why it was being done.

First, the syllabuses were developed under two schemes: A General
Proficiency scheme and a Basic Proficiency scheme. This was a deliberate
strategy to address the instructional and organizational limitatioms, of
secondary schools whose main objective hitherto was in terms of preparing
candidates for white collar jobs and university entrance requiréments.

Second, the syllabuses were written to guide and inform thednstructional
program within each school. For example, the mathematics< syllabus
contains not only a list of topics arranged as sequence of subtopics, but also
objectives stated behaviorally and expressively, and tasksyillustrating and
defining the required content and processes. CXC'syllabuses are intended
to establish communication links among teachers, |eufriculum developers
and test constructors.

Third, and as a corollary to the aboyéy CXC syllabuses inform the
teacher, the candidate and the Chief Examiner (gua test constructor) about
the rules under which the examination papefs are setymarked and graded;
that is, the number of items on eachygtopic, weighting of papers, weighting
of profile dimensions etc. of the examination.

The second and the third sets offeatures described above are critical for
criterion-referenced testing. THey help. to prescribe a domain sufficiently
well defined, that teacher, test constructoriand even the candidate can, with
some degree of congruence, identify theitasks of the examination. These
features control the test desigh and contribute to validity, reliability and
generalizability of the test scores.

Controlling and manipulating this test design variable has generated
innovative responses toythe problems of assessing students’ performance in
mathematics. These problems haveymany ramifications.

First, a CXC syllabus sets down the content and processes in terms. of
specific objectives.(It also sets down content and processes as expressive
objectives. However, ityisdiot always easy to identify what to test and how
to test whatevet iSibeing tested. The technology of objectives (Bloom, 1956,
Bloom, Hastings ‘& Madaus, 1971) has enhanced the work of the test
development community very much. Nevertheless, our research is pointing
up certain‘limitations in the technology. Simply put, test constructions
seemstoifavor the operational definition of an objective which is linked not
to a network\of meaning but to an automatic conditioning. Carefully and
gradually, new research questions that impinge on the meaning of
knowledge are emerging.

Second, the difficulty of setting questions to match compound and
complex objectives such as the following (taken from CXC Mathematics
syllabus) is a real one:

o Use certain number properties and concepts in simplifying computa-
tional tasks (Number Theory, Specific Objective 10, p. 14)
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o Use linear equations and inequalities to solve word problems
(Algebra, Specific Objective 12, p. 17)

o Use matrices to solve simple problems in geometry (Vector
Matrices, Specific Objectives 10, p. 26).

Considerable mismatch between test items and objectives is, likely to
result. Griffith (1985) using an index of item-objective congrueénce as
devised by Rovinelli and Hambleton (1977), found that content specialists
in mathematics and CXC test constructors were able to assign ‘only 56 per
cent of a 50-item mathematics test to the same dimensions.

Third, a test designed to measure higher order thinkifig,ought'té include
items which contain situations unfamiliar to the\candidate;nmake use of
novel conditions, and; employ test formats in ways different from those
used during instruction.

Herein lies a dilemma. To be fair to students; the,test items need to be
close to those used in the instructional program. To mieasure the higher
order learning objectives with fidelity, the test need,to be far removed from
those of the instructional program. Linn (1983) identifies this paradox as
a key problem that must be addressed by theseresponsible for testing and
instruction. He puts forward fodr comsiderations that may create useful
links (content match, use of fe€dback, a flagging function, and attachment
of sanctions and rewards to results). However, they are limited to single
classrooms or at best, the individual school.

Fourth, students writing CXC examinations in mathematics are, so to
speak, nested within schools and schools are nested within territories. Thus
a given student’s opportufiitypto learn how to perform any relevant
mathematics task, depends heavily'en factors outside his/her control. In the
Caribbean context, theséxfactors may include lack of specific resources in
a school (geometrical models; calculators, library materials), omission of
the teaching to deliver appropriate instruction, and inability of instructional
program tgPaddressithe inathematical processes of the syllabus (size of
class, ways of organizing classes, time available, teaching skills). It is
manifestly unfairtopthe student that he/she should be required to show
competen¢e ‘on mathematical topics and processes he/she has had no
opportunityato acquire.

A way,out'of (1) having no opportunity to learn the desired abilities and
attitiides, and (ii) the validity dilemma of what is on the test and what has
been taught; suggests that each student should be personally responsible for
what should have been taught and how it should have been taught as set
down on the CXC mathematics syllabus. This implies a tremendous, albeit
a necessary burden on an Examinations Board to produce the operational
definitions for the topics included in the examination syllabus. In a sense,
examination boards need to engage in curriculum development and
maintenance at the classroom level.
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Airasian & Madaus (1983) in an article that considers policy and
practice in terms of the appropriate interface between tests and instruction
in a North American context, conclude that

"if the test is used for individual certification, then fundamental fairness seems to diCtate that
it is not enough to show that on average, throughout the state or district,! adequate
opportunity to learn was provided. It would seem to be necessary to show that each pupil
received timely and adequate opportunity to learn." (p. 114).

3. STRATEGIES USED BY CXC TO CREATE LINKAGES
BETWEEN CURRICULUM AND TESTING

CXC addresses the problem from at last thre€fronts‘using the experience
and expertise of the teacher aggregated across schools and‘across countries.

First front: teachers (from all 15 contributing countries) help to define
the content and processes of the CXC Mathematic syllabus. They make
suggestions on the structure and content (0f the“syllabus on an ongoing
basis. Further, each year, they comnient on the'match between the syllabus
and the test questions, and on the gogdness,of €ach question. At syllabus
review, they give evaluative comments®en the examination questions as
valid measures of the syllabus objectives.

Second Front: teachers participate in‘defining and constructing test items
used to measure the learning objectives of the syllabus. At test construction
workshops, national and regional, teachers prepare examination questions
and review them. Over the,years a cadre of teachers trained in test
construction techniques has emerged. A major advantage of this strategy is
that classroom teachers who study how children at 16+ think and learn,
bring to bear their experience andknowledge to inform the nature of the
tasks to be included in’the tests that CXC should set. One disadvantage,
however, is that teachiers sometimes tend to have inflated expectations of
what children cap doiunder examination conditions.

Third Front:“teachers review the mark scheme for the examination
papers, mark eéxamination scripts and participate, in a limited way, in the
grading of\seripts. Their involvement has proved invaluable and on several
occasions_theiriinsights have led to major modification of mark schemes,
thereby enabling chief examiners to assess candidates validly. The exposure
of teachers to these activities also helps them to revise their curriculum
practices ‘and improve the quality of their teaching. Thus, a deliberate
thiust'of CXC’s activities is to integrate testing and instruction and to use
tests as instruments for instructional improvement.

In_the early years (1979-1989) CXC emulated, and for cogent reasons,
the practices of conventional test development: first, tests are developed to
assess a construct or a trait (stated as an objective); second, test items are
selected from a bank of items or are constructed; third, data on the
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performance of the items are collected under special conditions including
opportunity to learn the desired content; finally, items are accepted,
revised, or rejected on the basis of the goodness of fit between the item
data and the hypothesized model of mathematical performance. In the
words of Baker & Herman (1983), the psychometrician

"remains outside the action of instruction. His focus is on fidelity rather than improvement.
The measurer should make no ripples.” (p. 150).

Gradually, CXC is departing in major ways from thisyconventional
wisdom. The press for improved mathematics teaching and learning in all
Caribbean schools has become dominant. In the mind ‘of the Caribbean
educator, the measurer must make ripples. That is; CXC and its testing
activities must be intimately integrated into éurriculum development and
teacher education. This developing thrust of the 1990’s requires at least two
major activities. First, CXC must specify/and,delineateyan inside view of
learning mathematics and also of teaching mathematics. Secondly, CXC
must conceptualize the role of measurement in terms of the inside view and
define the nature of the test content’and processes from the inside view.

CXC’s search for ways of aCcessing the performance of a larger
proportion of the age cohort forced a realization that the psychological
constructs used to describe and“explain/the student’s mathematical
knowledge might usefully be described"in the terms of three phases.

Phase 1 focuses on the need for the individual to possess a critical mass
of information and so requites the individual to encode and store
information, access informatien he has previously stored, interpret data in
terms of the individual’s present’knowledge and beliefs as well as to draw
out relationships in order to strengthen the present knowledge structure
and increase its capacity t0 accommodate more data.

Phase 2 stresses the ability and willingness of the individual to structure
newly acquized infotnfation, link conceptual knowledge to certain skills and
refine the skills;, as‘well as to identify and structure general cognitive
abilities.

Phase 3 i§ characterized by a variety of representational skills, restructur-
ing skills, and timing skills and most importantly by flexible applications of
a variety of spe€ialized schemes to problem representation and solution.

4. NATURE OF ACHIEVEMENT

The research evidence during the 70’s and 80’s (Anderson, 1982, Chiesi,
Spilich’ & Voss, 1979, Chase, 1973) supplied the data which enabled
cognitive theorists to identify at least three distinct phases of cognitive
learning and to describe the prominent processes of each phase. The above
specifications have made use of the research data. "Thus achievement is as
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much an organizational function as it is an acquisition function" (Snow,
1980, p. 42). Hence, educational achievement, and by definition educational
measurement, should focus not only on storage and retrieval of informa-
tion, and interpreting and processing of information, but also on the nature
of the scheme used in interpreting and processing informatigfijathe
reorganization of schemes into patterns, networks, hierarchies, ete:'and‘the
application of variety of perspectives to problem representatiomy,and
solution; and further, on the initiation, regulation and monitoringef action,
and finally on the reflection on and evaluation of action and thought.

The individual’s knowledge structure therefore magtuisefully be described
to embrace:

0 Conceptual knowledge (procedures for recognizing patterns)

O Procedural knowledge (skills the individual ean do, specifications he
can carry out)

O Strategic knowledge (setting goals ‘and subgoals, forming plans for
attaining goals)

o Problem solving.

Thus CXC, in reporting on afeandidate’symathematical performance,
reports mathematics achievement hindér /three profile dimensions:
Computation, Comprehension, ReasoninghThese three profile dimensions
were derived from the three levels of|mathematical thinking, Recall,
Algorithmic Thinking, and Opén Search as defined by Avital and Shettle-
worth (1968) and motivated by the work of Bloom (1956).

Candidates’ performan¢e ififthe CXC Mathematics examinations is
described in two mainiways:

O as an overall grade, where

Grade I denotes a comprehensive knowledge of all aspects of the
syllabus

Grade II denotes a working knowledge of most aspects of the
syllabus

Grade 1II denotes a working knowledge of some aspects of the
syllabus

Grade IV'denotes a limited knowledge of few aspects of the syllabus
Grade\V denotes that the candidate has not produced sufficient
evidence on which to base a judgement

O"as a profile grade where Grade A denotes "above average"; Grade B,
"average"; Grade C, "below average"; and NA, "no assessment
possible”.

Thus candidates’ performance in CXC Mathematics examination may be
reported as follows:
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Grade I:  Computation (A), Comprehension (A), Reasoning (A)
Grade I:  Computation (B), Comprehension (A), Reasoning (A)
Grade II: Computation (B), Comprehension (A), Reasoning (B)
Grade II: Computation (B), Comprehension (B), Reasoning (B)
Grade III: Computation (C), Comprehension (B), Reasoning (C)

The raison d’étre for reporting candidates’ performance using an overall
grade and a profile-dimension grade derives from an appreciation of the
link between instructional and testing practices and also bgtween occupa-
tional requirements and certifications. Halliday (1989)listed six,major uses
for profile reporting as introduced by CXC. Five of them related to the
match between curriculum and testing.

5. CXC SPECIMEN ITEMS AND QUESTIONS
Sample Items from the Multiple-Choices Papers

The following multiple choice itgms_illustrate’seme of the major points
about CXC testing procedures which have been highlighted in this paper.

The score which occurs most often in a What percent of 20 is 16?
distribution of scores is the (@) 21%

(a) mean (b) 36%

(b) median (© 75%

(¢c) mode (d) 80%

(d) frequency
Figure 1 ltem I Figure 2 ltem 2

Item 1 requires the candidate to recognize a concept he/she previously
learned. Itém 2 requiressthe candidate to do a simple computation of the
type that he has done repeatedly in class. It requires no more than a one-
step calculation. Thesé two items are classified as measures of the profile
dimension, Computation. Items of this level of difficulty are used to define
the grad IV/V, boundary.

Item@3, tests” conceptual knowledge and requires the candidate to
translate from one mathematical mode (diagrammatic) to another mode
(symbolic). It is classified as a measure of the profile dimension, Compre-
hension. An item of this level of difficulty would define the Grade III/IV
boundary.

Item 4 requires conceptual knowledge of rectangles, procedural
Knigwledge of calculating the area of rectangles, and strategic knowledge of
how to formulate a problem, search for a solution and test the solution. It
is classified as a measure of the profile dimension, Reasoning. An item
constructed under these specifications would define the Grade II/III
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boundary. This is the boundary usually used as selection criterion for entry
into university.

| A\—I——I—I—I—‘_}__H
1T 1T 1T 1
-3-2-10 1 2 3 4 5 ©
The graph of the inequality in the diagram
above is defined by
(a) -1=x<4

(b) -1=x=<4

(c) -1<x<4

(d) -1<x=4
Figure 3 Item 3

The area of a rectangle is 14.4 cm? If the
length is multiplied by four and the width
is halved, the area would then be

the probability of drawing a

(a) 72 cm® ble at random is 2/5, the number
(b) 14.4 cm® arbles in the bag is

(c) 28.8 cm’

(d) 57.6 cm®

Figure 5 Item 5

T le of,a measure of the profile dimension,

define the I/II boundary. A study of the
is item shows that it requires more complex abilities
ion than Item 4.

Figure 4 Item 4

Item 5 is anothe
Reasoning. The ite
cognitive demand
for its succ.ful

e Questions from the Essay Papers

Question uires the candidate to decode the information in the
A3 evant information previously learned about the volume
boids, 'and the equation between liters and c¢cm® and draw out the

etween volume and base area in order to solve the problem.
nestion 2 successfully, a candidate is required to represent a real
oblem in a form that is amenable to mathematical treatment, to
ow the relation between a set and a subset as a fraction, a ratio and a
tage, to do mathematical calculations and interpret the results of
these calculations in the context of the problem. Thus a candidate must
demonstrate competence in a variety of skills in order to solve the problem
successfully.
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Question I: (CXC Mathematics Basic Paper, 2. June 1989)
Question 5 part (a)

(a) The figure above, not drawn to scale,
a cuboid of height 30 cm.

(i) Calculate, in cm®, the volume of the tan

(ii) If there are 40 liters of water inythe ta;
in the tank.

(5 marks)

Figure 6 Sample question

the height of the water

Question 2: CXC Mathematics General P . June 1991

Question 1 part (c)

(c) The sum of $2,500 isdivided among Peter, Queen and Raymond. Raymond

received half, Pet 312.50 and Queen received the remainder.
Calculate
(i) Raymond’s sh:
(ii) Queen’s share
(iii) the ratio i the $2,500 was divided among the three persons
(@iv) tﬂ)ercc of the total that Peter reccived.

(5 ma
Figure 7 Mestion from the Essay Papers

tegy of setting examination questions enables the
truct a marking scheme that would allow marks to reflect
described by the profile dimensions. To successfully do test
above, candidates must have a variety of skills and abilities.
ases the abilities and skills needed are essentially abilities to do
tion or recall specific learned material — Profile 1, Computation;
es to do translation — Profile 2, Comprehension; and abilities to solve
pblems — Profile 3, Reasoning.
Briefly, this strategy enables the examiners to define performance not
simply in terms of marks, but in terms of abilities displayed. This strategy

=t
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therefore requires close linkages between what is done in schools and what
is tested in the CXC examinations.

6. SUMMARY AND CONCLUSION

Assessing mathematics performance of secondary school studentsyin the
Caribbean provided major challenges to the CaribbeangExaminations
Council, national curriculum development units, teacher/training, institu-
tions, and schools (primary and secondary). And tli€iway theése challenges
have been accepted and are being resolved seems to bederived from

o an awareness of validity as the most critical feature, of examination
grades in mathematics,

o an understanding of validity as thehextent'topwhich different logics
and languages of mathematical competence, confirmed by empirical
evidence from various sources, canbe usedite support the appropri-
ateness and adequacy of the influence made from the test scores, and

0 a commitment to lnking’ instructional practices to assessment
procedures and to usingcyberneticymechanism.

Thus the paper showed that secondanysteachers played pivotal roles in
developing syllabuses, in constructing tests and in grading students’
responses; that teachers, as| they engaged in certain activities directly
associated with the CXC examinations, upgraded their curriculum practices
and improved their instrictionin mathematics; that CXC test constructors
and chief examiners\aequired new\insights about test construction through
their interaction with eutsiculumgand teacher training.

Further, the validity, of the'test scores as well as their reliability and their
generalizability were/substantially enhanced through

(a) profilefreporting of the candidates mathematics performance in terms
of three dimeénsions;

(b) constructing’ the mathematics examinations under two distinct
schemes:Basic Proficiency and General Proficiency;

(c)mconstructing test items to fit specifications that make for the
emergence of mathematics competence; and

(d) using three distinct modes of measuring mathematics competence —
multiple choice, short essays (problems) and extended essays (prob-
lems).

A way forward for CXC should encompass:

1. Refining the technology of the fest construction so that tests reflect
the way mathematics achievement is being conceptualized (by
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teachers and curriculum specialists) along a novice-to-expert
continuum.

2. Identifying and defining psychometric procedures appropriate to
criterion-referenced measures when mathematical achievement is
being assessed across schools and across territories.

3. Refining the operational definitions of the profile dimensions used by,
CXC in mathematics so that:

o test constructors would be able to design and classify,mathemat-
ics test items/questions with more accuracy and/fidelity,

o students’ performance could be described imwaysconsonant with
their mathematical behaviors in class and indexaminations.

4. Using a wider variety of assessment procedures (in€luding school
based assessment) to measure mathematics achievement, in keeping
with the practice and philosophy of CXC.
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MURAD JURDAK

ASSESSMENT IN MATHEMATICS EDUCATION
IN THE ARAB COUNTRIES

1. INTRODUCTION AND BACKGROUND

The Arab region includes 21 countries, extends over a,vast area of two
continents (Asia and Africa), and currently has a, total population of 220
million. Consequently, statements about Arab countfies must be couched
in generalities if they are to be true. Fortunatély, the'commeonalities in the
educational assessment systems of the Arab gountries“outnumber the
idiosyncracies of the individual countries.An this papefjthe commonalities
in the educational assessment systems will be-deseribed'in as specific terms
as possible.

It is only in the last five decades that the'Arab countries have emerged
as independent sovereign statess/ The concerns of the emerging state
focused, in the early years of independence, on three issues: consolidation
of state authority over education, prevision for mass education, and
Arabization of education (Bashshur, 1982).JThe consolidation of education
was reflected in the State’s assuming responsibility for education (30
percent of students in the “Arab countries were in private schools in
1950-51; this percentage nOw. is\negligible in all Arab countries with the
exception of Lebanon) dnd“in‘the formulation of national educational
policies, laws, and institutions. In asseéssment, consolidation was conspicuous
when external government examinations and diplomas were instituted as
substitutes for the¢”exams and diplomas of the colonial powers. The
provision for, massiyeducation was caused by the surge of students who
joined schoolsgas the'fledgling states increased opportunities for free
education tremmendously. For example, between 1960 and 1985 the number
of studentssmore than tripled in the elementary schools and increased by
nine times in the §econdary schools (Sara, 1990). As far as assessment is
concerned, thessirge of students dramatically increased the strains on the
already Tigid systems of education, resulting in the mandating of Arabic as
the language of instruction but also in the increased coordination among
Arab statessArabization culminated in 1964 with the establishment of the
Arab'keague Education, Culture, and Science Organization (ALECSO).

As they were coping with the pains of growth, the Arab countries had to
respond to new challenges posed by outside or inside forces. Three

M. Niss (ed.), Cases of Assessment in Mathematics Education, 35-41.
© 1993 Kluwer Academic Publishers. Printed in the Netherlands.



MURAD JURDAK

challenges were universally recognized by the conferences of the Ministers
of Education and those responsible for economic planning (Unesco, 1966,
1970 & 1977): orienting education towards socio-economic development,
introducing and adapting technology, and improving the quality of
education. These challenges were reflected in the accelerated efforts to
formulate long-term educational plans, improve curricula and,learning
environment, and improve teacher training. However, assessment systems
remained unchanged.

The colonial powers, mainly Britain and France, left behifid edueational
systems modelled, more or less, after their own. Theseyeducational Systems
featured curricula organized in strict hierarchical levels (grades orclasses)
grouped into definite states: elementary (6 years),jintermediate (3 years),
and secondary (3 years). In addition to variations in the number of years
in each stage, some Arab countries adopted a two-stagesystem: basic
education (8 or 9 years) and secondary education (3,years). The progress
of students through the system was — and4s'—determined by the results of
assessment for promotion at the end of eaglrleveh(grade or class) to the
next immediate one or, at the end of each stage, for promotion to the next
stage.

2. MATHEMATICS'AND, ASSESSMENT

Mathematics has always enjoyed a special status in the curricula in the
Arab countries for two reasons. \First, mathematics is viewed as a universal
culture-free subject that 4doespnot threaten the Arab-Islamic culture.
Second, mathematics\is yiewed as‘the basis for science and technology —
highly valued by the Arab, countries)For these reasons, mathematics was
chosen as the first area for am/inter-Arab cooperative curriculum project
(Jurdak & Jacobsen, 1981).

Assessment in mathematics is closely related to the demands of the
educational system and'the dominant conception of the nature of mathe-
matics (Figure 1). In the Arab countries, the prevailing conception of
mathemati€sis that it'is a neutral and external body of knowledge that has
an inherentyhierarchical structure. As such, the content of mathematics
consists.of 1abels'and symbols, facts, principle, and algorithms. Assessment
observes‘and measures the recall and recognition of labels, symbols, and
facts;, Skills \in performing algorithms; and, solving "typical problems".
Implicit“in¥assessment are the different kinds of behaviors of different
cognitive levels. However, the content-by-behavior matrix is rarely used
explicitly as an organizing construct in assessment. In the conception
refleeted in this matrix, the content of mathematics can be classified into
mutually exclusive strands (whole numbers, rational numbers, ...) each of
which is unidimensional and cumulative. The merging of this concept of
mathematics with the structure of the educational system results in a
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Education system Organizing Principle

« Hierarchical levels (grades) Curriculum for each level

o Grades are grouped in hier- (class) is generated by assem-
archical stages bling parts of the strands of

« Promotion to the next level math content with the following
or stage is determined by the \ conditions:
results of assessment at the 1. Preservation of the hierarchy
end of level or stage in each strand

2. Establishment offinterfaces
between Strands if needed

N Implications)for

Assessment

Conception of Mathematics Assessment of math achieve-

« Neutral and external knowl- ment (knowledge ‘of labels,
edge with inherent hierarchi- facts, principles,and algorithms
cal structure together, with competence in

o Content consists of labels solving typical exercises and
and symbols, facts, principles, problems) at any point in the
and algorithms hierarchy/subsumes all subse-

« Content can be classified into quent ones and consequently it
mutually exclusively strands is more efficient to restrict as-
(whole numbers, rational sessment to critical points i.e.
numbers, ...) each of which is where decisions have to be
unidimensional and cumula- made to promote from one level
tive to another

Figure 1 Typical relationships between the education system, the
prevalent conception of mathematics, and assessment in
mathematics in'the Arabycountries.

simple, yet powerful, ©rganizing principle: The curriculum for each level
(class) is generated by assembling parts of the strands of mathematical
content, preserving the;hierarchy in each strand, and, if needed, establishing
interfaces between strands. One implication of this organization is that the
assessment of, achievement at any point in the hierarchy of a strand
assumes_the assessment of the knowledge of all content in that strand
below fthat particular point. Thus it is more efficient to restrict the
assessment of|students to critical points, i.e., where decisions have to be
made to promote from one level to another, or from one stage to another.

In general, variations of the three types of assessment can be identified
in all of the Arab countries. The first type is done by the school for its
students (henceforth called internal assessment) and the second is done by
the State for all students at the end of each stage (henceforth called
external assessment). A third type of assessment is more covert and not
planned explicitly (henceforth called hidden assessment).
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Internal Assessment

Invariably, the primary purpose of the internal assessment of mathematical
performance is to select students for promotion to the next level (class). A
secondary purpose is to monitor and control the learning of students‘during
the academic year. With the exception of the scheduling of exams, the
teacher almost exclusively initiates and controls the process of ‘imternal
assessment. The teacher has the power to determine whatfifofmation is
to be gathered, the nature of the mathematical tasks used in assessment,
the scoring procedures, and the collecting and recording of information.
Basically, information is gathered on the individual studentaMost often, the
assessment instruments are teacher-constructed \tests which” consist of
written mathematical tasks involving skills and preblems) typical of the
problems solved during the semester or the yearyFigure 2 includes some
examples of assessment tasks from some Arab countries (translated from
Arabic).

I. a) Complete: %=
. e 90
b) S D, =y —.
) Smelily 25 %0 165
¢) Ahmad has 50 riyals. He bought a painef shoes for 27 3/4 riyals and a bag

for 12 7/8 riyals. How many riyals are left with him?
(Yemen, fourth elementary{Grade 4), Fractions)

II. A and B are two point§ oflascircle whose center is O such that 40B=50°.X
is a point on the major arc AB.

a) Prove that 4XB=25° whatever the position of X on the major arc AB.

b) What is the measure of AYB where Y is a point on the minor arc 4B.
(Saudi Arabia, third intermediate (Grade 9), Geometry)

III. a) What is‘théyvalue of a if the straight line y-ax+3=0 passes through the
intersection)of y+x+2=0 and 2x+3y+5=0?

b)._The points A(1,1), B(4,5), C(9,5), D(6,1) are vertices of a quadrilateral
whose diagonals are AC and BD. Prove that the two diagonals are
perpendicular. Find the area of the quadrilateral.

(Egypt; second secondary (Grade 11), Coordinate Geometry)

Figure 2 Examples of assessment tasks in mathematics from some
Arab countries

These instruments are criterion-referenced, the criterion being a certain
score for success (most often 50 percent) on an absolute scoring scale (most
often the percentage scale). The assessment instruments normally suffer
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from many psychometric deficiencies including the lack of content validity
(content selection for assessment purposes is almost always left to the
teacher), reliability (the scoring and scoring procedures are subjective), and
comprehensiveness (a narrow range of content and cognitive processes is
tested). Standardized tests (and hence norms), even in the very fewpcases
where they exists, are not used by teachers in internal assessment:

External Assessment

External assessment is done by the State (Ministrygof Education) at the
conclusion of each stage for the purpose of selecting these students who
will be promoted to the next stage. External assessment is ‘controlled by the
Ministries of Education in terms of decisions concerning the nature of
mathematical tasks to be used for assessment/scheduling'and timing of the
exam, and its administration, scoring, coding, and‘teporting. Operationally,
the process is handled either by the staff of the)!examination section" in the
Ministry of Education or by a committee“ofy, mathematics teachers
appointed by the Ministry. The tests used areyunified (for the district or for
the country) and they consist of written items modelled after the "typical”
exercises and problems studied edrlier, Because mathematics is conceived
of as cumulative and unidimensional, test-items are normally taken from
the mathematical content of the lastilevel (¢lass) of the stage rather than
from all levels (classes) of the stage. Tests used in external assessment tend
to include more mathematical tasks with multiple parts which are not
scorable independently thus affecting negatively the reliability of the tests.
Since instruments used for/extesnal assessment are prepared and scored by
a team rather than arjindividual teacher, they tend to be superior, in terms
of psychometric properties, to the instruments used in internal assessment.
Scoring is again on an abselute scale and success is determined by the total
score on all subjects.

Of special, signifiCance is the external examination at the end of
secondary schooly The'scores in the external assessment determine not only
whether a studentisiadmitted to the university but also what major subject
the student(is‘allowed to follow. Normally the score in mathematics carries
a lot of weight forladmission to the professions and sciences.

Hidden Assessment

Hidden“ass€ssment refers to an underlying or covert system that modifies
the declared objectives, processes, and products of the original system. In
the Arab countries, hidden systems of assessment of this kind serve a dual
purpoese: First, the hidden system provides incidental information for
modifying the elements of the system, and second, it acts as a stabilizer to
the educational system.
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As mentioned earlier, the main purpose of assessment in the Arab
countries is the promotion of students to the next level or stage. The
hidden system inadvertently modifies the purposes of teaching mathematics,
the curriculum, and teaching methods. Whatever the declared purpose of
teaching mathematics, the hidden assessment transforms it into asSimple,
realistic yet meaningful purpose, i.e., upward mobility in the educational
system. To achieve this purpose and in the absence of norms andywell-
defined criteria, the single most important criterion becomes the coverage
of the elements of mathematical content typically includéd in‘tests and
exams. What is emphasized or deleted in actual tg@ching depends, to a
large extent, on the probability of its being sampled inhe, tests:“Teaching
methods also serve the requirements of the assessmient/system'by.employing
instructional strategies that promote recall, recognition, kmowledge of
algorithms, and problem solving of typical problems. Because of the special
status and weight given to mathematics, the,hidden System has aggravated
these problems in mathematics educatiof.

In the absence of norms or criteria (oth€t thamcontent coverage), the
critical points in the assessment system (endpoints of levels or stages) act
like safety "valves" to achieve balan€e in the edu€ational system. If the flow
in the system is more (or less) thafi expected ‘or desired, valves are adjusted
to increase (or decrease) the’flownSome examples will illustrate this
dynamic relationship. Many of the_ educational systems in the Arab
countries have suffered from chronic problems of drop-outs and repetitions.
As a solution, many countrigs have adopted the "automatic promotion”
policy, i.e., all students are antomatically promoted from one level to
another irrespective of theimgperformance. A second example is the
abolishment of the exterfial assessment at the end of the elementary stage
in order to extend compulsory, education from six to nine years. Through
this process, the hidden assessment acts like a mechanism to perpetuate the
present educational system by neutralizing changes and innovations.

3. NEW TRENDS

In recent yeass, indications of new developments in educational assessment
are disecernible’in some Arab countries. First, there is a trend towards
expanding the scope of the purposes for assessment and evaluation. In
some countries (Kuwait and Bahrain) national projects of comprehensive
evaluation have been started (Sara, 1990). Such projects follow the system
approach and are intended to provide information for a wide variety of
decisions including curricula and teaching. Second, there is a trend to
develop and use a variety of assessment tasks and instruments. Egypt is
developing a national item bank to be used not only for external assess-
ment but also for diagnostic and formative assessment purposes by the
teachers (Srour, 1989). In Bahrain, information for the assessment of
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students is collected during the course from sources other than written tasks
(projects, papers, observation). Third, there is a strong call for introducing
basic changes in the structure of educational systems moving them toward
more flexibility. A four-year multidimensional regional research project on
the status and future of education in the Arab countries is noted
final project report (Ibrahim, 1991) recommends, among other thi
the strict hierarchical closed structure of the "educational
replaced with the open and flexible concept of the "educatio,
basic changes in the goals, structure, and content of
aligning the assessment system with such changes. @)
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ISSUES IN MATHEMATICS ASSESSMENT
IN THE UNITED STATES

1. INTRODUCTION

The results of comparative studies of United States students” mathematical
achievement (McKnight et al., 1987; Crosswhite et al,;31987; Dessey et al.,
1988) in national and international arenas have heightened the United
States’ awareness of the importance of mathemati¢s, as a toolfor stability
in an era of rapid change (MSEB, 1989a, 1989b; Adelman/& Alsalam,
1988; Johnson & Packard, 1987). At the same time; mathematics educators
and others set out to describe how the@United States’ society might
measure both the growth of mathematical ability, in individuals and in the
society itself (Alexander & James, 1988; Kulm, 19903Raizen & Jones, 1985;
Resnick, 1987; NCTM, 1989). These, attempts, also brought with them a
number of reports dealing with the/dangers of'testing and the role testing
might play in stratifying society (Natiofial Commission on Test and Public
Policy, 1990).

This national obsession with assessmeénts/as a means of measuring the
progress of education and the future productivity of society has resulted in
a massive system of loosely-copnected sets of indicators of the nation’s level
of mathematical literacy. Thesé\range from the National Assessment of
Educational Progress, tofasséssment programs in individual states, to
standardized testing imyschools, to ¢ollege entrance examinations, and to
national plans for assessment systems that will correctly inform the nation
about the levels of mathemati¢al achievement and potential of its citizens.

2. NATIONAL ASSESSMENT OF EDUCATIONAL PROGRESS

Since the late 1960s, the major barometer of the current status of the
mathematicabhealth of the United States’ students has been the mathemat-
ics assessment of the National Assessment of Educational Progress (NAEP),
a program. of the United States Department of Education. Since its
inception, NAEP has gathered information on trends in student achieve-
mentyin eleven different academic areas. Mathematics assessments have
been carried out in 1973, 1976, 1978, 1982, 1986, and 1990. The analyses

M. Niss (ed.), Cases of Assessment in Mathematics Education, 43-57.
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of these assessments have provided a basis for a number of reports on the
health of mathematics education in the United States (Lindquist, 1989).

In 1988, the United States Congress, reacting to public concern over the
state of education, increased the emphasis to be given to mathematics in
the NAEP program by requiring assessments in mathematics on a biénnial
basis beginning in 1990. In addition, the Congressional action added a new
dimension to the NAEP assessments. It provided for separate‘voluntary,
state assessments in the years of 1990 and 1992. This proyision makes
possible state-to-state and state-to-nation comparisons of stident aghicve-
ment (Mullis, 1990).

To establish a set of objectives for this broader pse, of “‘the" NAEP
assessment, the National Assessment Governing Board (NAGB) worked
through the Council of Chief State School Officérs (the elected or
appointed leaders of the educational departments,in each'ef the 50 states)
to establish a new set of mathematical gbjectiveshfor the 1990 NAEP
mathematics assessment (NAEP, 1990). Fheselobjectives’ are based on the
expectations set forth in the National Councilof Teachers of Mathematics’s
Curriculum and Evaluation Standards for\School; Mathematics (NCTM,
1989).

The items of the 1990 NAEP mathematics assessment reflected a
balance of items drawn from the five content domains of Numbers and
Operations; Measurement; Geometry; Dat@Analysis, Statistics, and Probabili-
ty; and Algebra and Functions. These five content domains were crossed
with a three level model of mathematical abilities which contained the
categories of Conceptual Understanding, Procedural Knowledge, and Problem
Solving. The items are a mixtireyof approximately 4/7 multiple-choice and
3/7 open-response itéms!’ In addition, approximately 3/7 of the items at a
given grade level may|beanswered,with the use of a calculator.

These items showed a great'deal of variability in the types of tasks they
required of students. They, ranged from fairly direct questions such as the
following it€fs on'percentage:

Which of the following,is true about 87% of 10?
It is greater than 10.

It is less than 10.

It is equal'to'10.

Can’titell.

I don’t know.

moowy

whieh, only 75 percent of 12th Graders could answer correctly, to more
complex open-response items such as the room arrangement problem
shown below (Figure 1). Sixty-seven percent of the 8th Graders taking this
itemrCompleted the task successfully. As the NAEP examination is more of
a broad census of mathematical abilities, it lacks deep probes into the
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depth of student’s mathematical knowledge. One of the more difficult
algebra items on the 1990 assessment was:
Solve for x in the equation below.
(x+1)>-3(x+1) =-2

This problem, cast in a form not typically seen in an algebra classroom, was
correctly completed by only 11 percent of the students. Another"18)found
one of the roots to the equation, but not both. This type of item shows the
lack of students’ ability to make small steps from what they have practiced
in the classroom to new, but slight extensions, of the material they haye had
a strong opportunity to learn (Mullis et al., 1991).

The trial state-by-state program, in which 40 states participated in 1990,
extends the influence of the NAEP goals for mathematics, from those
participating in the national sample to students in a majority of the states.
In doing so, the NAEP mathematics assessment moves closer to becoming
a "national mathematics test" for school“children in the United States
(Hambleton, 1990). Over the years, NAEP~has served as one common
measure of national progress in mathematicsyas it was the only mathemat-
ics examination given to a randomly“drawn national sample of United
States’ youth. This new emphasis gn the use of the NAEP tests has already
created questions about the NAEP /processt Now with state-by-state
comparisons, the stakes have becomehigh and children are being prepared
for the NAEP assessment in some schools. Thus, the nature of the testing
situation and the context for interpreting/the results must change.

Another question that has arisen is the relation between the trend lines
for student performance at'9pl3)and 17 years-of-age and future student
achievement. The NAEP assessment has always been a mark of student
achievement, unlike college entrance examinations which assess ability.
Further, the NAEP assessment, while broad in nature, does not cover all
forms of outcomesfor even content taught in mathematics classes. It is a
cross-sectional survey/Of student achievement. Critics question whether the
increase in stakésyassociated with the use of NAEP scores for state-by-state
comparisons will“narsow the curriculum taught to only the topics which
NAEP coverts.

Some have argued that the NAEP testing should be taken to the student
and building level. Such a use would extend the assessment beyond its
desigd. At present it employs a balanced-incomplete-block design with
severalidifferent blocks per grade level. Using the block design, the NAEP
assessmentilas included far more items than standardized tests.

The very nature of the way in which the present NAEP examinations are
configured makes them well suited for finding differences in the perfor-
mance’of students from different states, but it can do little to explain the
sources of those differences. There is nothing in the information gathering
process with the NAEP assessment that provides information on the
student’s opportunity to learn the material tested. No information is
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The diagram above represents a,scale drawing of John’s room. Each side of a
block in the diagram representsylyfoot. John has four pieces of furniture that he
needs to put in the room.

The measurement of the furniture are;

bed 6 feet long, W3 féet wide
desk S feetglong, 3 feet wide
chest S feet long,\ 2 feet wide

bookcas€ S feet'long, 1 foot wide (already in place)
In arranging the furniture, John must follow these rules:

O The doors may not be blocked

O Each'piece of furniture must have at least one side against a wall of the
room

© The chest is too tall to be placed against a window.

The bookcase has already been put in place. On the diagram a scale drawing of
the bookcase shows where it has been put. Decide on a way that John could arrange
the other three pieces of furniture so that the total arrangement follows all the rules.
On the diagram, show that arrangement by drawing in each piece of furniture in its
placc. Draw each one to scale, using the same scale as was used to make the
diagram. Label each piece of furniture.

Figure 1 NAEP item

gathered on local or state curricula and the nature of their implementation.
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3. ASSESSMENT PROGRAMS IN INDIVIDUAL STATES

As a result of the calls for reform in school mathematics and an overall
move to make schools more accountable, many individual states in the
United States instituted forms of statewide assessment in mathematics
during the 1970s. These took a variety of forms from clones of standardized
achievement tests to carefully thought out programs of asseSsment of
individual skills. In this section we will look at state assessment,programs
in several states to illustrate some of the innovations that ar¢ underway in
the United States.

One issue in state assessment is the population assesséd. In‘some states
all students participate in the testing program, while in<other states a
sample of students is selected as participants. This leads to differences in
both the view of the testing program as a high- or low=stakes venture on
the part of the schools. This issue is relatedsto the‘manner in which scores
are reported at the state, school, or individuallevel and'the consequences
associated with these scores. Other issuesgaffecting the nature of state
assessments are the form of tests given — multipleschoice, open-response,
or a mixture of the two. This facet is* accompanied by the question of
whether students are allowed to u$e cdleulators in the completion of all or
a portion of the test.

The state of Massachusetts establishedya statewide assessment program
with two purposes: to compare the effectiveness of public schools and to
give guidance for the improvement of curficulum and instruction. To serve
the dual intent, three major components have been developed. The first
component is a multiple-choiceytest administered in alternate years to all
Grades 4, 8, and 12 students in the'state. The results of this component are
used to calculate school seeres for the purpose of school comparisons. The
second component is. an opencended test given in reading, mathematics,
science, and social §tudies. ,These questions are administered as part of the
multiple-cheice assessment but do not form part of the school reports. In
1989, the third{cemponent, a performance assessment was added. The
performance _tasks'involves the application of mathematical and scientific
concepts to{solve problems. The tests are administered in alternate years
to the writtén assessment of Grades 4 and 8 students working in pairs. In
1989, over,2,000 pairs of students were assessed. The performance tests are
scored by trained volunteer teachers and curriculum coordinators and the
results ‘of both the open-ended and performance tests reported with
instructional implications in order to help principals, teachers, and
curriculum coordinators improve curriculum and instruction (Massachusetts
Education Assessment Program, 1989, 1990). California also introduced
opens€nded questions into their Grade 12 assessment test in 1987-88 but
only had funds to score 2,500 of the total of 240,000 responses statewide.
Nevertheless, open-ended questions, such as the item in Figure 2 below, are
expected to become a regular part of the mathematics portion of the
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California assessment program at all grade levels in the future (California
Assessment Program, 1989; Pandey, 1991).

4

You have been asked to wrap the box above for a birthday present.)The best
dimensions for a single sheet of wrapping, allowing for, overlap, ‘are:

A: Sby 16

B: 6 by 14

C:9by18

D: 10 by 20

Figure 2 California Assessment Program| item

Connecticut also plans to usefperformance tests in their high school
mathematics and science assessment:

The states of Michigan, Connecticut, and Missouri have all adapted their
state assessments to allow the use of the calculator on the assessments.
Connecticut, as a state, purchased calculators for students to use in their
classes, as well as on the Connesticut Mastery Test. Michigan and Missouri
each allow students to uSemtheir own calculators in completing the
mathematics portion of thie state assessments. Other states, Illinois, Texas,
and California are movingytoward the integration of calculators into their
assessments of student mathématics.

The state of Illinois has worked to develop a system of state learner
outcomes ingmathematics that provides for reporting student achievement
at Grades 3, 648, and'11 on a broad curricular front. Scale scores are
reported at the schoel level for grades 3, 6, 8, and 11 in the area of
mathematigS.“There §s an overall core score and scale subscores in six
areas, allowing for the comparison of schools on subscale areas and
downplaying the use of a single scale score for the school as the point of
comparison.

The existence of state assessments in mathematics has a strong influence
on school'mathematics curricula at the state and local levels. This influence
¢an, as in the NAEP setting, have a propaedeutic effect or a narrowing
effect on the curriculum. Vermont has addressed this issue with the
establiShment of a portfolio form of assessment for state purposes at
Grades 4 and 8. This program turns away from testing as the sole vehicle
for establishing student progress at the state level. The individual student
portfolios provide a careful look at the growth of individuals across a
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school year and between levels of their schooling. Its focus is on good work
in problem solving and individual production of work in mathematics, not
on speed and accuracy under time pressure. At present the Vermont
experience is a unique point in state assessments, but many other states are
considering moves in this direction.

4, STANDARDIZED TESTS

Standardized tests are widely used in United States elementary and
secondary schools. In fact, it has been estimated that 200/million standard-
ized achievement tests are given in the United States eachyeéar (Mehrens
& Lehmann, 1987). By a standardized test we mean a commercially
prepared test that provides items for obtdining samples of students’
behavior under uniform procedures. Usually, a standardized test has been
administered to a norming group so that/a‘student’s‘peérformance can be
interpreted by comparing it to the performanceyof ‘others, the norm-
referenced group.

Examples of standardized achieyément tests used in the United States
include the Stanford Achievement Tést, published by the Psychological
Corporation of San Antonio, /exas; which is one of the most widely
available achievement batteries for assessing school achievement in Grades
1 through 9 in the United States. It containg a number of subtests, including
three in mathematics: concepts of number, mathematics computation, and
mathematics applications. Another example of a multilevel comprehensive
test battery is the lowa Testsvof:Basic Skills, published by Riverside Press
of Chicago, Illinois. Ityconsists of T separate subtests measuring skills in
five areas including mathematics skills. The California Achievement Test
(CAT), published by CTB /M¢Graw-Hill of Monterey, California, is another
popular standardizéd achievement battery in the United States. The latest
versions cover the' traditional verbal and quantitative topics found in
Grades K-12. The quantitative topics include computation, concepts, and
applications. All of the U.S. standardized tests use a multiple-choice format
for their mathematics items. However, the most recent version of the
California Achievement Test has an increased emphasis on problem-solving
skills at_the upper grade levels with items presented in such a way as not
to require‘computation of a numerical answer.

Several issues surround the use of standardized tests. One is test content.
Most publishiers of standardized tests present a very complete list of the
topic areas covered by their tests. However, critics argue that the items test
primarily recall of facts and the execution of routine procedures. A study
examinling six standardized mathematics tests for Grade 8 (Romberg,
Wilson & Khaketla, in press) found on average that 89 percent of the items
tested procedural knowledge in contrast to conceptual knowledge. Many
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teachers perceive that tests measure primarily low level cognitive skills and
gear their curriculum accordingly.

Since standardized tests play such an important role in United States
schools, researchers have investigated the alignment of standardized tests
with textbook content (Freeman et al., 1983). Their research revealed that
textbooks emphasized computation far more than did any of the standard-
ized tests but that a large proportion of the material in textbooks was not
covered on standardized tests. Further, the match between texts and tests
varies widely with different test-text pairs.

Standardized tests have also been examined to detexmine Whether or not
they are appropriate instruments for assessing the content, process, and
levels of thinking called for in the NCTM Standards (NCEM, 1989). A
study of the six most widely used standardized tests atithe state and district
levels in schools in the United States found the relationship of the tests to
the Standards to be generally weak in six of thé'seven content areas with
most of the items belonging to the contént area of mumbers and number
relationships (Romberg et al., in press). Further, only one of the six process
areas, computation/estimation, was extensively covered by the tests.

Also at issue is the use or non-use ‘of caleuldtors on standardized tests.
Only the most recent edition of the, Stanford Achievement Test gives
calculator norms. Because of/thedimpact of standardized tests on the
curriculum, critics claim that the inability t6 use calculators on them has
inhibited calculator use in the classroomi@and has encouraged the retention
of obsolete skills in the curriculum. One Study found that about 25 percent
of the teachers reported that, they decreased emphasis on calculator
activities because they aré notpallowed on standardized tests (Romberg,
Zarinnia & Williams}1989).

Another issue is theuse of standardized tests, which are many and
varied. Originally used as instructional aids, standardized tests are now used
to evaluate académic progress; to determine developmental levels of
students; togdiagnosefstudents’ specific strengths and weaknesses; to select,
classify and place,students; to diagnose group strengths and weaknesses; to
compare alternativéjinstructional procedures; and to serve as a dependent
variable infeducational research. Generally, no validity studies for most of
these uses have been conducted. Hence it is possible that the decisions
made using standardized tests scores might be made on the basis of what
is essentially, measurement error (Airasian, 1985).

Inaddition to instructional uses, standardized tests have been increasing-
ly used‘in'the United States as accountability measures: School boards, state
législators, and the public press use standardized test scores to assess local
school Jimprovements as well as overall school quality, teacher and
admiristrator competency, and program effectiveness. In most states scores
are published in the newspapers on a school-by-school or district-by-district
basis and in some locales affect real estate prices. In some states, even
teachers’ advancement or merit pay have been tied to the standardized test
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scores of their students. As the stakes rise, there is increased pressure to
see that scores do likewise. Cannell (1990) provides a carefully constructed
analysis of the use of norm-referenced-testing as a basis for the determina-
tion of accountability and student progress. He finds the process lacking
from a number of viewpoints with widespread teaching to the tests andieven
cheating. Whatever the means, standardized test scores have risen until
almost all of the states report that a majority of their students are seering
above the national norm. These results viewed locally are a souree, of pride,
but viewed nationally bring into question the validity of the nerms, the
norming process, and the use of standardized tests §0) assessiteacher and
school effectiveness.

5. COLLEGE ENTRANCE EXAMINATIONS

A special form of standardized tests is collegelentrance examinations. The
United States does not have a universal” examination at the end of
secondary school to assess what studentshhave ‘learned during their
schooling or to assign levels to studénts™achievemient. Instead of school exit
exams, several million United States stadents\annually voluntarily take one
of two standardized college eftrance examinations. Most colleges and
universities in the United States require Seores from one of these exams to
supplement an applicant’s secondary ‘S¢hool academic record in the
admission decision. Since secofidary schools vary considerably in the United
States, such entrance examinations are used to provide a common yardstick
with which colleges can compare\the abilities of applicants coming from
different backgroundsypand educational systems (Educational Research
Service, 1981).

The oldest of these.examinations is the Scholastic Aptitude Test (SAT)
produced by Educational Testing Service (ETS) for the College Entrance
Examinatiofi’Board, the «College Board for short. The SAT is taken by
almost 1.5 milliomy11th"and 12th Grade students annually. In 1989-90, it is
estimated that 40 peteent of the high school graduating class in the United
States took the SAT'test (Dodge, 1990).

The SAT is,a three-hour, multiple-choice test to "measure the verbal and
mathematical “abilities developed over many years, both in and out of
school" (College Entrance Examination Board, 1989). At present, the
mathematics questions, covered in two 30-minute sections, test students’
ability to solve problems involving arithmetic, elementary algebra, and
geometry. Students receive two scores, verbal and mathematics, each
reported on a scale of 200 to 800. Each year a different form of the test is
givem. The SAT has recently been revised to reflect changes in the
educational reform movement. Beginning in 1994, it will consist of two
portions, the SAT-I: Reasoning Tests and SAT-II: Subject Tests. SAT-I will
consist of revamped, enlarged versions of the verbal and mathematics tests,
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but will include added emphasis on critical reading and student generated
responses in mathematics. In addition, the mathematics tests will reflect
increased emphasis on data analysis and applications and students will be
allowed to use a hand calculator on the examination. Some examples of

items reflecting differing levels of potential of calculator usage fi he
SAT-II are as follows:
Calculator inactive:
If f(x)=2 and f(g(x))=-x, then g(x)=
(@) -3

() X
© %
(d) 2-2
(e) x

Calculator neutral:

If 2x2+4x =3, then, to the nearest tenth, w
(a) 0.6
(b) 0.8
(0) 1.2
(d) 1.6
(e) There is no positive value of x that sati e equation.

Calculator active:
What is the area of a right trian; ith,an angle of 28 and with longer leg of length 13?
(a) 40

(b) 45
(© 75
(d) %0
(€) 159 @
major new test in writing, subject matter tests,

SAT-II
and other tests designed to be useful in placement or in determining a
student’s ¢ and of the English language. The new versions of the SAT-I
will be firstused in the spring of 1994. The changes in SAT-II will become
i period from 1991 to 1994 (College Entrance Examina-

990).

i college entrance examination used in the United States is
College Testing (ACT) program. The ACT test attempts to
e general educational development of high school students and

, 1977). The ACT also provides a personal interest inventory and
escriptive and self-evaluation information to be used for course and
career placement. The ACT is a battery of four academic tests which in
1989 was revised to emphasize a wider range of mathematical knowledge,
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more abstract reading skills, and how well students deal with scientific
concepts. The scores are reported as standard scores with a range of 1 to
36 and a composite score which is the average of the four standard scores.
The new expanded ACT allows for the reporting of subscores for the
purpose of course placement in college. In mathematics there apéithree
subscores: pre-algebraic/elementary algebra, intermediate algebra/coordi-
nate geometry, and plane geometry/trigonometry. More thdn<800,000
students take the ACT annually.

A number of issues surround the use of college entrance examinations.
One is the importance placed on scores. The exams parportitoybe aptitude
rather than achievement tests. However, the general public views them as
measures of the effectiveness of American schoels” and uses them as
barometers of United States education. Each year, frent page headlines
announced the newest average scores and compare them with the previous
years’ scores. SAT scores reached a peak im1963“andythen fell into a deep
decline through the seventies. The declin€ triggezed a variety of reports and
reactions and a discussion of the validity of gsuch'scores as measurement of
educational quality.

Another issue is the validity of college “entfance examinations. The
examinations are designed to assist admissions officers in making admis-
sions decisions. Some feel that usingfa standard test makes the college
admissions process a fairer process because i§ provides a common yardstick
across different geographic areas and socioeconomic levels. Critics argue
that such tests tend to maintais the status quo rather than promote reform.
Because the SAT is the older\of the two tests and used by the more
selective private colleges, mioréeritical scrutiny has been focused on it than
on the ACT, althoughymény of the"points made by critics also apply to the
ACT.

One measure of the validity of an admissions decision is freshman
grades. Validity studies of the SAT produce correlation coefficients of SAT
scores with@feshman grade-point average that fall in the 0.4 to 0.5 range
(Wiersam & Jursy1990,p. 362). Crouse and Trusheim (1988) in The Case
Against the SAT arguesthat their research shows that for most colleges, an
admissions policy ,based solely on applicants’ high school records would
admit and reject nearly the same students as one which uses both SAT and
high schoeel records. They conclude that the SAT is a costly redundancy
(Crotise, 1986). ETS responds that in their studies, correlations increased
by 0.07 te_0.10 when SAT scores were combined with high school records,
a 15,to 18 percent improvement (Cameron, 1989; Willingham & Ramist,
1982).

Test/ bias is another issue that shrouds the use of college entrance
examinations. Historically, men have scored higher than women on both the
SAT and ACT and minorities (blacks, Hispanics and American Indians)
have scored lower than whites. Minority women also score lower than men
in their own ethnic group (College Entrance Examination Board, 1988).
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Critics claim that college entrance examinations, particularly the SAT, are
geared toward white males, leaving women and minority-group students at
a disadvantage. A number of research studies have looked critically at sex
difference on the SAT and found support for the claims of bias (Burton,
Lewis & Robertson, 1988; Rosser, 1989; Wilder & Powell, 1989)./Others
claim that test scores are possibly influenced by coaching andthat this
makes scores open to undue influence related to family’s wealth. Whether
or not coaching improves scores is a hotly debated issue (CollegesEntrance
Examination Board, 1989; Smyth, 1989; Wilson, 1990). Neveftheless,critics
claim that the SAT is biased in content, context, validity anduse while the
College Board counters that factors such as differencesdn population size,
academic background, and socioeconomic statushexplainimuch of the
differences in mean scores.

6. CLASSROOM ASSESSMENT AND.THE STANDARDS

Classroom assessment takes a variety,of forms,in the United States but is
dominated by teacher-made tests offprocedural’knowledge. Most textbooks
now provide teachers with tests t@ accompanyjeach chapter. Some provide
pre-chapter as well as post-chaptenftests or offer computer grading
programs. Teachers, however, continue to,develop their own tests or to
modify publishers’ tests to reflect their own instructional emphasis.

Recognizing that tests oftenfdrive the curriculum, the National Council
of Teachers of Mathematicsdncladed a working group on evaluation when
they established the Comniissiofifon Standards for School Mathematics in
1987. The work of the)€ommission ‘culminated in the publication in 1989
of the Curriculum and  EvaluatiomyStandards for Schools Mathematics
(National Council ofiFeachers of Mathematics, 1989). As can be seen from
the title, the document includes standards for evaluation. The Evaluation
Standards propose ‘changes in the processes and methods of assessment.
Key to this is the noetion that student assessment should be an integral part
of teaching and shouldbe based on multiple assessment methods, including
written, oral, and demonstration formats which use calculators, computers,
and manipulatives! All aspects of mathematical knowledge and its
connections,should be assessed. The focus should be on a broad range of
mathematical\tasks rather than on a large number of specific and isolated
skills organized by a content-behavior matrix.

The, Standards view evaluation as a tool for implementing and effecting
change: The position taken in the Standards calls for radical change in
classroom assessment in the United States. Tests, both teacher-made and
standardized, need to change; but the Evaluation Standards call for changes
beyond the mere modification of tests. Their main purpose is to help
teachers better understand what students know and make meaningful
instructional decisions.
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7. CONCLUSION

The foregoing discussion of issues facing the assessment of student progress
in mathematics in schools in the United States shows both the significant
effects that assessment has on student achievement in mathematicsfandithe
myriad of problems associated with attempts to evaluate studenfiachieve=
ment. Educational measurement and its application to school settings,has
reached an almost crisis stage in the United States. Assessméntiis, seen as
both a tool to further reform, while at the same time an [impediment to
change. The resolution of this paradox may hold the key to real educational
progress in mathematics education.
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EDWARD A. SILVER & SUZANNE LANE!

ASSESSMENT IN THE CONTEXT OF
MATHEMATICS INSTRUCTION REFORM:
THE DESIGN OF ASSESSMENT
IN THE QUASAR PROJECT?

1. INTRODUCTION

Recent high-level political interest in the improyement of mathematics
education in the United States has led to the inctéased prominence of
reports by the National Academy of Sciences{(INational Research Council,
1989), the American Association for the Advancement of Science (1989)
and National Council of Teachers of Mathematics(1989). These reform-
oriented reports have focused the attention of-edueational practitioners and
policy makers on new goals for mathematics education and new descrip-
tions of mathematical proficiency, ifwhich terms like reasoning, communi-
cation, problem solving, conceptual understanding, and mathematical power
are used frequently to describehan ‘expanded view of mathematical
proficiency that goes beyond memerization/and mere competence in the
basic skills of rational number computation: The reform discussion has thus
led naturally to considerations of how to/assess students’ attainments with
respect to this new version of mathematical proficiency and how to assess
improvements that may restilt.from curricula and instructional reforms that
might be undertaken’, This paperifocuses on the efforts of one project to
deal with the interface between assessment and instructional reform.
QUASAR (Quantitative Understanding: Amplifying Student Achievement
and Reasoning) isfa“mational project designed to improve mathematics
instructional,program’ for students attending middle schools (grades 6-8)
in economically, disadvantaged communities (Silver, 1989). Currently
operating at 6 school sites dispersed across the United States (Silver, 1991),
QUASAR sSeeks to"demonstrate that students in these communities can
learn a broader rahge of mathematical content, acquire a deeper and more
meaningful“understanding of mathematical ideas, and demonstrate an
ability te_ reason and solve appropriately complex problems. When fully
implemented, the QUASAR instructional programs will stand in stark
contrast tosthose characterized by what might be called "assembly line"
matheématical instruction — the cycle of repetitive drill and practice on basic
computation which has characterized middle school mathematics education
for many American students. Such instruction has relegated disproportion-

M. Niss (ed.), Cases of A t in Mathematics Education, 59—69.
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ate numbers of poor students to non-academic programs of study, thereby
blocking their access to most socially acceptable paths to status and
success’.

Beyond its goals as practical school demonstration project, QUASAR is
also a complex research study of educational change and improvemient;, in
which a major effort will be made to study carefully different approaches
to instructional enhancement; to ascertain conditions that appear to, be
conducive to success; to derive instructional principles [forpeffective
mathematics instruction for middle school students; to deseribe effective
instructional programs in ways that will allow theif adaptation to other
schools; and to devise new assessment tools to measure gtowth in high-level
thinking, reasoning and communication as they relat¢’to mathematics.

Given the goals and aspirations of the QUASAR project, it is imperative
that appropriate measures and procedures be“dgveloped 6 monitor and
evaluate program impact. One important Set of indieators are those that
pertain to growth in student knowledge “amd, proficiency over time.
Development of the assessments for the QUASARproject has utilized an
approach advocated by the NationalyCouncillef Teachers of Mathematics
Curriculum and Evaluation Standards for School Mathematics (1989). That
report argued for improving the alignment of testing with curriculum goals,
advocated the use of multiplé sourcés of assessment information, and
suggested that more attention be given beth to appropriate methods of
assessment and to the proper use of assessment information. With respect
to the methods of assessment, the report asserted that an "authentic"
assessment of mathematical(proficiency would need to address such areas
as problem solving, communication, reasoning, and disposition, as well as
concepts and procedures.

The QUASAR project nisesy orgplans to use, a variety of measures in
assessing student grewth, including paper-and-pencil cognitive assessment
tasks administered to individual students in a large-group setting; analysis
of student performancegon tasks sampling students’ individual cognitive
activity and theityperformance in collaborative, small-group settings;
analysis of students’ performance on tasks, which may involve the use of
manipulation materials or computational tools, and which may be relatively
brief or whi¢h,require more extended engagement; and non-cognitive
assesspiénts,aimed at important attitudes, beliefs, and dispositions.

In(the development of assessments, the project has attempted to keep a
balancedyperspective regarding psychometric constraints and educational
needss This has been possible because the coordinator of assessment
development (S. Lane) is a psychometrician by training and the project
director (E. Silver) is a mathematics educator. We believe that this
balaficed perspective is essential for significant progress to be made in
establishing alternative assessments as possible replacements for or
supplements to the current system of standardized, multiple-choice testing
that has become entrenched in the United States. This paper presents an



ASSESSMENT IN THE QUASAR PROJECT

overview of the design principles for the development of the QUASAR
Cognitive Assessment Instrument (QCAI) — a paper-and-pencil mathematics
assessment instrument that is administered by individual students in a large-
group setting.

In general, QUASAR assessments are designed to provide programmatic
rather than individual student information. In other words, wehare not
attempting to provide indicators for the purpose of assessing individual
students; rather, we have designed a system that will colle¢fidata from
individual students but will provide reliable, valid evaluative information
only at the program level. Therefore, the QCAI comsists of ayrelatively
large number of assessment tasks (currently about 36) administered at each
project site, but each student completes only a Small number of tasks
(about 9) on each administration occasionggBecauseypof your focus on
program evaluation, use of this approach allowsis,to aveid the difficulty
of sampling only a small range of tasks, yetdtiallows forwalid generalization
about students’ mathematical knowledge and achievement. Over time, it is
planned to release some assessment tasks @nd addwew ones. The public
release of tasks and scoring rubrics sheuld allow for'a clearer understand-
ing of the nature of mathematical proficiencies being assessed and the
judgement criteria that are appliéd injthe evaluation of responses. The
addition of new tasks each yeaf will allew the QCAI to expand to include
not only tasks that reflect important genéral instructional emphases and
topics but also some tasks that may have ben tailored to reflect the unique
features of instructional programs that vary across sites. These latter tasks
could be developed in clos¢ cooperation with the teachers and resource
partners at each project site.

Given the goals of the@QUASAR project regarding instructional program
emphases on breadth of content, QCAI tasks have been developed to assess
students’ knowledgesagress awide range of content areas — extending well
beyond whole numbefs and arithmetic. Also, given the project’s goals
related to high-level thinking and deep conceptual understanding, QCAI
tasks focus on‘mathematical reasoning, problem solving, modeling, and
communication; and on students’ understanding of the features that
characterize_mathematical concepts and their interrelationships. Due to
space limitationsythe description of the QCAI in this paper will be quite
brief in‘some places. Further details regarding the design principles and
conceptual framework for the QCAI can be found in Lane (1991).

2.\QUASAR’S ASSESSMENT OF MATHEMATICAL PROFICIENCY:
SOME EDUCATIONAL CONSIDERATIONS

The parameters that characterize¢ QUASARS’s vision of mathematical
ability and mathematical power have been described to a large extent in
the Standards (National Council of Teachers of Mathematics, 1989), which
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suggest the importance of understanding concepts and procedures,
becoming a mathematical problem solver, learning to reason mathematical-
ly, making connections among mathematical topics and between mathemat-
ics and the world outside the mathematics classroom, and learning to
communicate mathematical ideas. The vision is also consistent withsthat of
the Mathematical Sciences Education Board (National Researchy Councily
1990) which argued that mathematical power involved the development of
the abilities to understand mathematical concepts, principlesgand proce-
dures, to discern mathematical relations, to reason mathematicallyjand to
apply mathematical concepts, principles, and proceduzes to'solve ajvariety
of non-routine problems.

In this view, mathematics is conceptualized as ‘involving problems that
are complex, yield multiple solutions, require judgementand interpretation,
require finding structure, and require finding'a'path for asolution that is
not immediately visible. Furthermore, sugecess/in mathematical problem
solving is viewed as being related to and at least partially dependent on
students’ beliefs about the nature of math€mati¢s,and problem solving,
attitudes towards and interest in hmathematics, \and the socio-cultural
context (Lester & Kroll, 1990; Silyer, 1985).“Spé¢ifications for the QCAI
assessment tasks were based uponftheséconceptualizations of mathematical
proficiency.

3. QUASAR’S ASSESSMENT OF MATHEMATICAL PROFICIENCY:
SOME MEASUREMENT CONSIDERATIONS

An assessment instrumefit is an imperfect measure of a construct because
it either underrepresents, the comstruct domain (i.e., the assessment
instrument is too narrew) or ifaddition to measuring the construct domain
it also measures something that is irrelevant to the construct (i.e., irrelevant
excess reliable variance),0r some combination of the two (Messick, 1989).
To ensure that ‘the construct domain is fully represented, QUASAR’s
assessment of mathematical proficiency is sensitive to many facets,
including mathematical reasoning, mathematical communication, knowledge
and use ofwstrategies and representations, and knowledge and use of
mathematical'concepts, principles, and procedures. Moreover, the assessment
attends to'the fact that these interact with various mathematical content
areassiich as number sense, geometry, and statistics.

Two kinds of construct-irrelevant test variance are proposed by Messick
(1989):\ construct-irrelevant easiness and construct-irrelevant difficulty.
Construct-irrelevant easiness refers to the potential of clues or flaws in the
presented task which may allow some students to respond correctly in ways
that are irrelevant to the construct domain being measured, and which may
lead to scores that are invalidly high. Construct-irrelevant difficulty refers
to the possibility that the assessment instrument is, for irrelevant reasons,
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more difficult for some groups of students. In designing QUASAR’s
assessments of students’ abilities to think and reason mathematically, we
were sensitive to several potential irrelevant constructs that could adversely
affect some groups of students, such as differences in reading comprehen-
sion ability, writing ability, or familiarity with task contexts. Therefore, the
amount and level of reading and writing required of a student was
considered in developing the QCAI assessment tasks and scoring rubrics,
as was the likely familiarity of the task contexts to the students,of differing
cultural and ethnic backgrounds. Not only were these fwo ‘sources of
invalidity considered in the process of constructing theiassesSment tasks and
corresponding scoring rubrics but they will also be considéred whef student
performance is interpreted.

Another measurement issue relates to the relianceyon a single measure
of a complex construct. To triangulate observations of ‘a.¢omiplex construct,
multiple measures are needed. To measurg,programyoutcomes and growth
in the QUASAR project, the QCAI incorporates a number of task formats
(e.g., requiring a student to justify a select€d answer versus showing the
solution process used to arrive at an,answer),and process constraints (e.g.,
producing a numerical answer verSus drawing afdiagram). Moreover, as
Baker (1990) has noted, any medsurement procedure must be understood
in the light of other available/information and the intended uses of the
scores. Therefore, QUASAR also ‘obtains/information about classroom
instructional processes, students’ class assignments and assessments,
teachers’ knowledge and beligfs about mathematics, and students’ beliefs
about and disposition towards mathematics. This information can be
combined to produce a morepcomplete picture of the performance and
attainments of students/relative to\important program context features.

4. SPECIFICATION OF THE ASSESSMENT TASKS

The development of ‘the QCAI assessment tasks and scoring rubrics
involves a _collaborative effort by a team consisting of mathematics
educators/ mathematicians, cognitive psychologists, and psycometricians.
Our approach is related to but somewhat different form other examples of
alternative assessment frameworks (e.g., Nitko & Lane, 1990; Padey, 1990;
Romiberg, Zarinnia & Collis, 1990). The QCAI tasks are specified in terms
of fourpcomponents: cognitive processes, mathematical content, mode of
representation, and task context. With a particular focus on mathematical
problem solving and reasoning, the cognitive processes that were specified
for task development included the following: understanding and representing
prablems, discerning mathematical relationships, organizing information, using
procedures, strategies and heuristic processes, formulating conjectures,
evaluating the reasonableness of answers, generalizing results, and justifying
answers or procedures. The content categories included the following:
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number and operations (involving decimals, fractions, ratios, proportions);
estimation (both computational and measurement); patterns (both numerical
and geometric/spatial patterns); algebra (especially tasks related to
transition from arithmetic to algebra); geometry and measurement; and data
analysis (including probability and statistics). The range of represefitations
considered in task development include written, pictorial, graphi¢) tabular;
and arithmetic and algebraic symbolic representations. With respecttotask
context, an attempt was made to embed as many tasks as posSible within
an appropriate context if this could be done without requirifig an‘excessive
amount of reading by the students.

5. SPECIFICATION OF SCORING, RUBRICS

A focused holistic scoring method is being uSed to score,students’ responses
to each task. A generalized scoring rubric‘was,designed to incorporate
three interrelated components related to the task development specifica-
tions described above: mathematical ¢enceptual.and procedural knowledge,
strategic knowledge, and commugsication. With“respect to mathematical
knowledge, attention is paid to the,extént toywhich students demonstrate
their knowledge of mathematical conceépts, principles and procedures, such
as understanding relationships among probl¢m elements; using mathemati-
cal concepts as a basis for their reasoningj using appropriate mathematical
terminology or notation; exXecuting procedures; verifying results of
procedures; and generating(new\procedures or extending familiar proce-
dures. In the area of stratégic knowledge, attention is paid to students’ use
of models, diagrams, and symbols to\represent and integrate concepts, and
their ability to be systematigjin applying strategies. The area of communica-
tion relates to studemts’ ability to convey their mathematical ideas in
writing, symbolically, or visually, to use mathematical vocabulary, notation,
and structure’to represent ideas; to describe mathematical relationships;
and to model situations mathematically. Some tasks require the justification
of answers; other tasks require the description of strategies or patterns.
The scoring rubrics developed by the California Assessment Program
(California‘StatedDepartment of Education, 1989) provided a basis for the
developmient of the QCAI generalized rubric. In developing the generalized
scoring rubrig, criteria representing the three interrelated components were
specifiedifor,each of five score levels (0-4). Based on the specified criteria
ateeach score level, a specific rubric was developed for each task. The
relative emphasis on each component for any specific rubric is dependent
upon the particular cognitive demands of the task. In addition to scoring
the'student responses using the scoring rubric developed for each task, a
subset of the student responses will be carefully analyzed to provide more
detailed information regarding the types of representation and strategies
students use, the nature of errors or misconceptions in students’ work, and
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the nature of the mathematical knowledge and cognitive processes
underlying successful performance.

6. SAMPLE TASKS AND ADMINISTRATION INFORMATION

For the 1990-1991 school year, a set of thirty-six assessment tasks was
developed for use with 6th Grade students. The set of thirty-six tasks Was
divided into four sets of nine different tasks, which were randomly
distributed to students in each classroom. Students received aydifferent set
in each of the Fall and Spring administrations. Two exaniples of as§essment
tasks similar to those used in QCAI are providedyin Figurenl.

Task 1 - Mathematical Content: Pattern recognition
Look at the following pattern of figures:

A. Draw the 5th figure:

B. Describe the pattern.
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Task 2 - Mathematical Content: Numbers and Operations
The table below shows the cost for different bus fares.

BUSY BUS COMPANY
FARES
One Way $ 1.00

Weekly Pass $ 9.00

Yvonne is trying to decide whether she should buy.a weekly bus pass.
On Monday, Wednesday and Friday she rides the'bus, to and from work. On
Tuesday and Thursday she rides the bus to sork, but.gets a ride home with
her friends.

Should Yvonne buy a weekly bus pass?

Explain your answer.

Figure 1 Sample assessment tasks

For the first task, it iS'expected that a student would draw a 9-by-9
square on the grid previded and shade the square in. Also it is expected
that a student would'describe the/pattern by saying "It is a pattern of
squares with odd sides,— 1,3,5,7,9,11, and so on"; or "In the pattern you add
2 rows and 2 columnsto each square to get the next square"; or some other
similar description, In,the next task, we would expect that a student’s
response would show evidence of a clear reasoning process. For example,
a student might answer "no" and provide an explanation, such as "Yvonne
takes the bus eight times in the week, and this would cost $8.00. Since the
bus pass costs,$9/00, she should not buy the pass". It is possible, however,
that asstadent might answer "yes" and provide a logical reason such as
"Yvonne should buy the bus pass because she rides the bus eight times and
this costs, $8.00. If she rides the bus on weekends (to go shopping, etc.), it
would cost $2.00 or more, and that would be more than $9.00 altogether,
s0 she can save money with the bus pass". As this example suggests, task
presented in this open-ended format may allow for more than one possible
corréct answer.

A task actually contained in the QCAI assessment for the 1990-91
school year is the following:
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Yolanda was telling her brother Damian about what she did in math class. Yolanda
said, "Damian, I used blocks in math class today. When I grouped the blocks in
groups of 2, I had one block left over. When I grouped the blocks in groups of 3, I
had 1 block left over. And when I grouped the blocks in groups of 4, I still had 1
block left over."

Damian asked, "how many blocks did you have?"

What was Yolanda’s answer to her brother’s question? Show your work?
Figure 2  Sample assessment task

On this problem, it is expected that students will produce“amyanswer that
simultaneously satisfies all the problem constraints,¥and ,that they will
provide information about their solution method (e.g., systématic guess and
test). For this problem, multiple answers arépossible, and multiple solution
methods can be utilized by the students.

After student responses have been obtained, the,papers are scored by
teams of classroom teachers who are,trainedias raters. The raters use the
scoring rubric for each task in order to assign‘a score between 0 and 4 to
each student’s response. In additien toytheseyholistic judgements, student
responses for a sample of the tasks are subjected to further examination
and analysis in order to identify cognitive process information, data
regarding strategy usage, systematic error patterns, and other important
insights related to the mathematical knowledge and performance of the
students. The general performance information for all tasks and the
detailed reports on selectéd tasks\will be summarized in reports that can
be shared with the teachiers at the project sites.

As noted earlier, QUASAR, intends to use a wide range of assessment
procedures. For example;,/QUASAR is supplementing the cognitive
information obtaingd fromithe QCAI with non-cognitive assessments aimed
at important student attitudes, beliefs, and dispositions. With respect to
cognitive measures, in addition to the group-administered QCAI tasks
which measuse students’ individual cognitive activity, QUASAR will also
attempt tof analyze Students’ performance in collaborative, small-group
settings, sinceycooperative learning and small-group problem solving are
instructional practices used frequently by QUASAR teachers. Beyond using
the QCAI'tasks, which measure students’ performance on paper-and-pencil
tasks ‘completed during a relatively short time span (about 5 minutes for
eachytask), QUASAR will also try to analyze students’ performance on
tasks which involve the use of manipulative materials or computational
tools (e.g., calculators), and on tasks which may require intellectual
efigagement over a more extended period of time. It is hoped that samples
of student work (e.g., tests, classwork, homework, projects) supplied by
teachers at the project sites will provide the data for these supplemental
analyses, and that these instructionally-embedded assessment data will
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provide another indicator of the nature and extent of intellectual activity
in the classrooms and supplement the information obtained from the QCAI
regarding students’ developing mathematical proficiencies.

NOTE

1. Each author contributed equally to the conceptualization of this paper. Infaet, the'design
of the QCAI discussed herein is largely the product of Lane’s intellectual leadership of
QUASAR’s assessment work over several years. Because Silvergreceived the invitation to
participate in the ICMI conference, he is listed as first author.

2. Preparation of this paper was supported by a grant from \thé Ford Foundation (grant
number 890-0572) for the QUASAR project. Any opiniens expressed herein are those of
the authors and do not necessarily reflect the views of the Ford Foundation.

3. An expanded discussion of the role of assessment'in the mathematics education reform
movement in the United States, including the prevalence andylimitations of an assessment-
driven reform strategy, can be found in Silver (in press).

4. The substantial neglect of high-quality £ducation for poor children in the United States
has been well documented. Although thére arejsome exceptional examples of schools that
have done an effective job of providing’a‘thoughtful education to the children of poverty, the
general finding is that schools in poor communities/are characterized by impoverished
resources, poor organizational structure and quality, an underprepared teaching staff,
classroom instruction that focuses almost exclusively on low-level knowledge and skills, and
abysmal student achievement (KozOl, 1991; Natriello, McDill & Pallas, 1990). Although
QUASAR faces many obstaclesgo substantial instructional reform in these schools, the
project posits that the prior failures ¢an be overcome with effort, imagination and the
judicious application of mgdest financial resources.
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ASSESSMENT IN MATHEMATICS EDUCATION:
DEVELOPMENTS IN PHILOSOPHY AND PRACTICE
IN THE UNITED KINGDOM

1. INTRODUCTION

The last ten years have seen a remarkable change in thehymature of
assessment in the UK. While this has occurred in all subjeets, mathematics
has been at the forefront of policy formation, research and‘development.

The Cockcroft Report (DES, 1982) initiated@roadermodes of summative
assessment in our examinations at age 16, introdi¢ing extended problem--
solving tasks assessed by teachers alongsidé the written examination papers.
The second section of this paper will report.briefly on'these changes.

Another strand of development comes in“relation to continuous
diagnostic assessment carried outfby bothyprimary (ages 5-11) and
secondary (ages 11-16) teachers of a eriterion-referenced model, but using
a basis of cognitively based strategies rather than technical skills. This will
form the subject of the third section.

The most recent and most profound change has been the introduction
of a national assessment system, reporting publicly at ages 7,11,14 and 16,
within a single framework of“1Q criterion-referenced levels common to all
ages. This initially both brgught together and standardized the summative
and diagnostic aspects ,discussed) above. It introduced also nationally
standardized extended tasks to assess simultaneously both process and
content over a wide rangeleflattainment. These developments, together
with the shifts in government policy which are continuing to steer them,
form the foecus of the/fourth section.

2. WIDENING OF ASSESSMENT MODES
IN\SUMMATIVE ASSESSMENT AT AGE 16

In thé ‘mid-seventies, the Government, concerned about standards of
achievement,) instituted the Assessment of Performance Unit (APU) to
undertakepnational monitoring at ages 11 and 15. In addition to written
itéms, this incorporated an element of practical testing of concepts and
skills in an oral mode, using one-to-one interviews. Examples included
estimating and measuring the lengths of some curved lines, tests of

M. Niss (ed.), Cases of Assessment in Mathematics Education, 71-84.
© 1993 Kluwer Academic Publishers. Printed in the Netherlands.
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calculator skills, and probability experiments. To start with, tests were
"practical” in the sense of using equipment, but in 1980 they began to
broaden out to include problem solving skills, mainly in real contexts - for
example, using timetables and maps to plan a day-trip (Foxman, 1987).

The rationale for such practical work lay mainly in the move towards a
utilitarian curriculum which took place in the nineteen-seventies,following
what was perceived as the purer excesses of "modern mathematics® ihythe
sixties. Practical tests were later incorporated in some localiSystems of
testing for 11 year olds and in local and national tests fof\Jow attaining
students at 16 who were not catered for in the systeém) of public examina-
tions which then existed (e.g. SMP (the School Mathematics” Project)
Graduated Assessment, see Close & Brown, 1988,11990).

The Cockcroft Report, in 1982, institutionalized| praetical mathematics
and problem solving as two of the six required moedes of‘experience which
should form part of mathematics teaching. Pure mathématical investigation
was also included among the six, a surviving minosity development from the
sixties which had been carefully nurtured byfthe Assoeiation of Teachers of
Mathematics (ATM).

As part of an integrated set of recommendations covering many different
aspects of mathematics teachingfthe Report ‘stated:

"Examinations in mathematics which consist only of timed written papers cannot, by their
nature, assess ability to undertake practical and investigational work or ability to carry out
work of an extended nature. They cafinot assess skills of mental computation or ability to
discuss mathematics nor, other than in very limited ways, qualities of perseverance and
inventiveness. Work and qualities'of, this kind can only be assessed in the classroom and
such assessment needs to be made over an, extended period." (DES, 1982, paragraph 532).

The result was that ' whemour puiblic examinations at 16 were reformed
to produce one syst€mycatering for most children, known as the GCSE
(General Certificateyof Secondary Education), the National Criteria for
examinations in,mathematics required the inclusion of oral and practical
work, and of/teacher-assessed extended projects of an investigational
nature. Following ‘th€ appointment of Sir Wilfred Cockcroft as the
Chairman and Chiéf Executive of the new Secondary Examinations Council,
this type of requirement was made in all subjects.

The™new, GCSE was first examined in 1988, with the new elements
becoming compulsory only in Summer 1991. However most schools were
setting and,marking extended work by 1989 or early 1990 since four or five
taskSlare usually spread out over a two-year interval.

Our public examinations at 16 are conducted by five Examination
Groups;, which are independent commercial enterprises competing for
custom among schools. The Examination Groups work within a framework
of National Criteria approved by the Government which has allowed them
to differ in the degree of structure they have provided for extended work.
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Some Groups gave teachers complete freedom over the topics and
marking schemes, relying on moderators to adjust standards where
necessary.

Some specified broad topics (e.g. one project of a "real life" nature
involving geometrical design, a number investigation, a statistical susvey)
and have given broad indications of what is required for each grade (in
terms such as "collecting and representing results systematically", *finding
a number pattern in a table of results", "expressing a generalization
algebraically", and so on).

Other Examination Groups have presented much mere tightly structured
tasks with specific marking schemes. These take the férm of'both pure
mathematical investigations which require results, to be generated and
generalizations found, and practical problems using resources which are
provided or of a standard kind (e.g. store catalogues, produict packaging,
etc.).

An important part of the implementation of the Coekcroft Report was
the appointment of advisory teachers in eaghrlocal education authority to
work in groups of schools helping teachers t@ introdnee and assess practical
and investigational work.

Many good sets of teachingdand assessment materials have been
produced, among the most popularbeing thése published by the Shell
Centre/Joint Matriculation Board (1984-90), SMP (1989), West Sussex
Institute of Higher Education (Ahmed & Bufton, 1986), and GAIM (Graded
Assessment in Mathematics Project) (GAIM, 1988; Brown, in press).

Mental and oral work have also been introduced into the examination
system, using class tests,Jommless frequently, interviews. Some of the
extended work regulations allow, or even encourage, groupwork; this may
also provide a forum for assessing pupils’ contributions to discussion.

The result has been curricalum development and implementation on a
national scale, brgadening the style of classroom work to encompass
extended investigative work, "real" problem-solving, oral and practical
activity and grotipwork."These developments are now spreading to courses
and matching examinations for the 16-19 age group (e.g. Dolan, 1991).
While it is difficult t9 isolate the importance of the various recommenda-
tions of thexCockeroft Report, the fact that primary schools have lagged
well behind secondary and that many schools have delayed making changes
until 4t was an examination requirement, suggest that to a considerable
extent the change has been assessment-led.

Of course the quality of teaching is extremely variable, with some
téachers "teaching rules for doing investigations" in the same mindless way
in which they taught routine algorithms for subtraction. Nevertheless much
ofsthe’response has been very positive; Her Majesty’s Inspectors see the
broadening of GCSE styles of examining as a major factor in improving the
quality of mathematics teaching (DES, 1991).
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Nevertheless, a new Prime Minister and Secretary of State have
expressed doubts about the "objectivity" of such coursework assessment, and
have decreed against all professional advice that it can from 1994 be used
for not more than 20 percent of the assessment at 16.

3. CRITERION-REFERENCED COGNITIVELY-BASED
DIAGNOSTIC ASSESSMENT

Criterion-referencing took some time to cross the Atlantic. Tt only
eventually did so by being transformed into a model that was based, not on
the narrow learning of technical skills, but on cognitive stratégies, in areas
of content and process, more closely in tune _with/the, prevailing broadly
constructivist philosophies of mathematics education in Britain.

It arrived first in Scotland, where it wasyintroduced into the reformed
Standard Grade examinations at 16+, in particular intothe teacher-assessed
component. Some useful research occurred((e.g. Black & Dockrell, 1984)
but not much in mathematics. Howeyer, theiscope of the initiative had to
be greatly reduced as teachers fousid it unmanageable.

The notion of assessment a8, providing, a description of a child’s
attainment, rather than only & grade in ‘comparison to some age-group
norm, then travelled south, having influencéd the then Secretary of State
for Education in England. He asked for "Grade Criteria" to be provided for
the new GCSE at 16, largely{so that parents and employers would gain
useful information and so ghat\national standards of performance could
better be monitored (DES;B1985). Attempts were made to do this
(Secondary Examinatiens Council, 1985) but foundered largely because of
the problem of assessing,a broadland extensive set of criteria in an
examination which, inspite.ofithe changes described in the last section, was
still dominated by/performance in short written examinations.

Neverthéless the Secretary of State’s intention to extend criterion-refer-
encing to primarylevel'made clear in the same document (DES, 1985) was
to form the_basis‘fomthe National Curriculum Assessment.

Although criterion-referencing gained little ground in formal examina-
tions, the ‘motion/of describing attainment ("profiling") was taken up by
anothergmovement in England and Wales. This aimed to provide each
secondarysehool student with an ongoing Record of Achievement, contain-
ing a portfolio of "best work" and positive descriptions of all aspects of
achievement, including personal and social skills and extra-curricular
activities. This was to be the subject of ongoing negotiation with pupils and
parents, and to result in a summarized document to be taken away by
schodl leavers. Records of Achievement were backed by the Government,
although without great enthusiasm, and will in a diluted form be compulso-
ry for secondary school leavers and introduced into primary schools from
1991.
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Although mathematics is a strand in the pilot Records of Achievement
development schemes in several local education authorities, the only one
to have lasting national influence is probably that in London.

This scheme, Graded Assessment in Mathematics (GAIM), was one of five
covering the major curriculum areas, and was based on the netion of
progressive levels of attainment, pioneered successfully iny‘modern
languages. It was a partnership of three agencies, the InnériLendon
Education Authority (ILEA), the University of London Examination and
Assessment Council (one of the Examinations groups for GCSE), and
King’s College London.

The College brought experience of cognitively/based“diagnostic
assessment as part of the Chelsea CSMS (Concepts\in Secondary Mathemat-
ics and Science) project (Hart et al., 1981, 1984). The¥Examination Group
backed the scheme to qualify as an alternative route te/ GCSE, using
continuous teacher assessment with visitinganodeTrators instead of externally
set and marked terminal timed written tésts. The ILEA’had been the first
to develop a diagnostic assessment scheme which operated at primary level
(Checkpoints) (ILEA, 1976).

GAIM has a framework of critefia organisediifiito progressive levels of
attainment. Although some of thése criteria‘are fairly routine in nature to
satisfy the GCSE National Criteriapothers are related either to logical
thinking or to content-based cognitive)strategies identified by earlier
research (Brown, 1989; in press). For ‘example two criteria in different
areas and at different levels of attainment are:

0 Can take into accountitwo constraints or attributes when classifying,
planning, inventing or problem-solving, and can check results.

o Can use multiplicatiomyand division, on a calculator if necessary, to
solve problems invelving rates using numbers of any size.

(Each criterion is,accompanied by several examples to make its meaning
clearer.)

Other schemes share aspects of GAIM (e.g. the Oxford Certificate of
Educational’ Achievement, the SMP Graduated Assessment scheme, the Shell
Centre/JMB Numeracy through Problem Solving, the Association of Teachers
of Mathematics GCSE scheme). Nevertheless GAIM is probably the most
radical in terms of encouraging teachers to implement a rigorous criterion--
referenced assessment system using a variety of means of assessment.
Recommended assessment methods emphasize open activities developed
and produced by the project which are of a problem-solving and investiga-
tonygkind (both pure and applied) and integrate the use of criteria. They
also include teacher-verified student self-assessment, and observation and
discussion, as well as the more usual classroom tasks and tests.
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Teachers have found operating such a system over the whole 11-16 age
group to be a complex but rewarding task. In GAIM and in similar schemes
there have been considerable gains in a number of areas (Close & Brown,
op.cit). Teacher professionalism has increased, with teachers becoming
much more aware both of the nature of the mathematics they are tédehing
and of their students’ individual achievements and weaknesses 4This“has
often resulted in provision of a curriculum which is more appfopriate to
students’ needs.

While a need has been demonstrated in most of these schemes for
teachers from different schools to meet regularlyfto agreeyon shared
meanings and to converge in their practices (Love & Shiw;, 1991), this has
been a powerful agent in accelerating professionalydevelopment.

Since students have become more involved in their own assessment and
learning, with their own versions of the criteria se, that'they can see what
has to be achieved to obtain the nextglevel, ‘student motivation has
sometimes risen dramatically. Schools have correspondingly found that their
GCSE results have improved.

The recent Government decision,geferredito at\the end of the previous
section, that written examinations/externally‘setfand marked, must again
account for at least 80 percent ofymarks in the GCSE, is likely to reduce
the motivation of students and teachess, and to increase the drop-out rate.

4. NATIONAL ASSESSMENT: COMBINING FORMATIVE ASSESSMENT
WITH NATIONALLY STANDARDIZED TESTING

In 1987 the British Government made the decision to introduce a National
Curriculum. This would bellegally binding, with national testing of all pupils
at the end of each ofyfour'Key Stages (ages 7, 11, 14 and 16), and public
reporting of the reSults of each school and local authority in the form of a
league tablé.)The ‘eurriculum was to be operating for mathematics and
science in all schoels by 1989, with the first national testing of 7-year-olds
in 1991, of 14-year-olds’in 1992 (now postponed until 1993), and of 11-year-
olds in 1994.

The original.netion had been a set of attainment targets in each subject
for eachyof, these four key stages; the Government-appointed Task Group
on Assessment and Testing (TGAT) (1988) succeeded in changing the
model, adopting that used by graded assessment in which a series of
progressive age-independent levels is defined, with the assessments
reporting each pupil’s progress through these fixed attainment levels.

There are 10 levels defined for the National Curriculum, each represent-
inge@ notional two years’ progress for an average student, with level 1
defined as representing roughly the attainment of an average S-year-old,
level 6 that of an average 15-year-old, and level 10 that of the top 2 or 3
percent of 16-year-olds.
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Each subject is divided into a number of strands called Attainment
Targets; each attainment target is then defined by statements of attainment
(criteria) at each level. For example, after a recent modification, mathemat-
ics now has five attainment targets, one for process (Using and Applying
Mathematics), and four for content (Number, Algebra, Shape and Spacepand
Handling Data). '

Each attainment target has on average three statements of attainment
to define each of the ten levels of attainment, but occasionally.there are as
many as five. The statements are rather more general than those illustrated
earlier from the GAIM project; for example:

"Find ways of overcoming difficulties when solving problems." Using and Applying, level 3)

"Solve numerical problems, checking that the results ar€ of the right order of magnitude."
(Number, level 8)

The results of national assessment will be reported injthe form of subject
profiles; each student will receive a level between1-10 for each attainment
target in each subject.

The TGAT group also initially steered the Government away from the
original intention of written short-item tests i each subject at the end of
each key stage, and towards a model which incorporated both of the two
aspects of assessment discussed above:

The TGAT group proposed that contimuous teacher assessment would
be the basis for the studentS) results, with Standard Assessment Tasks
(SATs), taken at the end of gach key stage, used only to moderate teachers’
judgements (in the sense that‘if'a wide discrepancy occurred, the teacher--
assessed levels would beé're-examined and if they could not be substantiat-
ed, would be altered).

Building on the"iGESE“experience reported above, the standard
assessment tasks (SATS) were recommended by TGAT to contain a broad
spread of testing medesyincluding extended projects, oral and practical
work, and, in primasy schools, crosscurricular theme-based tasks.

There argsstill political battles being fought about the two issues above,
ie.

o whathis the relative emphasis to be placed on continuous teacher
assessment and on terminal SAT results in arriving at the reported
results?

owhat range of assessment modes is appropriate for SATs?

Forexample, in 1991 the first national round of testing took place at key
stage'l (age 7). The arrangements were that:
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o all teachers of 7-year-olds submitted by March 31st their own
assessments of each child on each attainment target of English,
science and mathematics; each attainment target was assessed as a
level in the range 0-4, with each level in each attainment target
defined by the associated statements of attainment.

o over a 3-week period in May each child was tested, using SATs
which had previously been distributed to schools. In mathématies this
involved three parts, one on number operations, one @nyusing and
applying mathematics in "real" problem-solving fand* practical
investigations, and the choice for the third@ene mecluded shape
properties and data handling.

O the teacher assessed results were generally feplaced byithe SAT test
results in each of the attainment targets in which SAT Tesults were
available. Appeals that the SAT resultswere invalidyand the teacher
assessed results should be taken instead; were, possible, but rarely
made.

As part of this national assessment, each teacherwith 7-year-olds in her
class, and in most cases each headteacher, had'three days of training for
carrying out teacher assessmentfiand\for administering and marking the
SATs.

Evaluation reports (e.g. DES, 1991; Gipps et al., 1991) indicate that
teachers were as a result being much more systematic throughout the year
about their curriculum plannihg and assessment. Although the notion of
assessing the individual strengths and weaknesses of children was familiar
to teachers of 7-year-olds, t€achers said that the presence of criteria
statements helped thémdo focus their assessment better. Nevertheless they
felt the statements were Semetimes,too vague. This coincides with reports
of another study (Frobisher&Nelson, 1991) which suggest, not surprisingly,
that different ways/of interpreting the statements can produce very different
results.

The key stageit.(age'7) SATs, developed by the National Foundation for
Educational Researchh(NFER), were expected to be treated like any other
classroom factivities./Most were carried out in an oral mode with a small
group of ‘children. Teachers had some flexibility in how they were
administered ‘and whether they were adapted to fit in with a particular
themie goingion in the classroom.

A few, SAT activities, such as the group task for the attainment target in
Using, and” Applying Mathematics of inventing a game which required
addition or subtraction of dice-scores, were given to most or all children
and assessed by outcome. Most activities however were tied to particular
criteria statements at levels 1,2 or 3 and the teacher had to make decisions
on the basis of her teacher assessment as to which level of activities to give
to each child. The child was then tested at the next higher or lower level
depending on whether the child was successful at the entry level.



ASSESSMENT PHILOSOPHY AND PRACTICE IN THE UK

Those reports which are publicly available (e.g. Gipps et al., op cit)
demonstrate that teachers were generally happy about the quality of the
SATs as classroom activities. Some showed that they had learned useful
things about their pupils’ attainments (SAT results differed from teachers’
assessments in a third of cases). Some felt that their classroom practice;had
been enhanced by using open-ended tasks in mathematics and science fon
the first time.

However, all teachers found the organization, assessment and.recording
to be formidable, and were concerned at the lack of attention givenyto the
children who were not at that moment being assessedimIn Scotland, where
the tests were then not a legal requirement as they wereiin England and
Wales, large numbers of parents refused to allowytheir children to take
them.

The new Secretary of State for Education hasrecentlyréplaced the chair
of the School Examination and Assessment  Council, and has used the
problems teachers expressed over classrOom Jerganisation in 1991 as a
reason for introducing modifications to the procedures, for 1992. Almost all
the mathematics SATs are now in the formyof weorksheets with routine
pencil-and-paper items (often straightforwardsums" without any everyday
context), which can be done by/the ‘whole\class at once. The process
attainment target (Using and Applying Mathematics) will no longer be
assessed by external task, thus removing, ofie of the components most
effective in encouraging professional development in 1991.

The response from teachers is that the organisation of the new SATs will
be little easier since they still prefer to administer them to small groups.
Educationally they feel thatmthe)new tasks are backward-looking and
encourage rote learning and "teaching to the test". In addition, short term
coaching is likely to be encouraged) by a new law which requires the
publication of schools results in league tables.

At the end of key stage 3 (age 14), where the first full national assess-
ment has begh)postpofied until summer 1993, the developments have been
similar, but with more“extreme shifts of policy .

The contract for developing the SATs in mathematics is held by King’s
College London with” a team directed by Gill Close, many of whom
previously worked/on the Graded Assessment in Mathematics (GAIM)
project.

At fage“14) the form of the assessment piloted in 1990 and 1991 was
more ‘experimental, with open tasks, either "real world" problems (e.g.
running ‘a“food stall at a school fund-raising event) or mathematical
investigations (e.g. investigating patterns in shapes made from closed Ioops
of octagons), being used to assess both content and process. Each task was
intend€d to occupy mathematics lessons over a 2-3 week period, and to
assess one process and about two content attainment targets, covering
criteria statements in each of the levels 1-10. (Level 1, although defined at
an average S-year-old level, is appropriate for some 14-year-olds with
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severe learning difficulties; equally not more than 1 percent of the
population would be expected to have reached level 10). An optional
computer-based version which was made available was found particularly
helpful by students with severe motor difficulties.

Extended open activities were chosen so that students at different
attainment levels could be engaged on the same task; the alternative of
providing tasks at each level in each attainment target to be administered
individually to different students was felt to be administsatively. foo
daunting.

Students were encouraged to tackle the task usingyas powerful mathe-
matical ideas and skills as they could. Part way throughsthe task‘they were
provided with a "personal target check" in the form of a list of the criteria
statements at the relevant levels in the assessedhattainment targets,
expressed in appropriate language. This was't0 enable Students to check
that they had demonstrated as many of these statements as they could in
the task. Thus the student self-assessment being, encouraged as part of the
formative teacher assessment (SEAC, 1991)wasbeing extended to the SAT
assessment.

In addition a few of the relevant/riteria statemeénts which students were
unlikely to demonstrate spontane€ously, in the open task were tested in
focused written or oral items/related to~the theme of the activity (e.g.
calculating dimensions of the octagons which’are not directly needed in the
tiling investigation). Pupils completed only the items on relevant levels.

Although part of the initial activity and discussion of the task took place
in groups, each student wrote their own report. This, together with the less
tangible behavior in the classtoom, was assessed by the teacher, in the form
of a level for each attainment target assessed, according to a marking
scheme which indicatedphow the statements of attainment could be
demonstrated in that particular SAT activity.

The 1991 pilot iftvolved20,000 pupils in 161 schools, including 13 schools
for pupils with special.educational needs of one kind or another. The tasks
were generallyswell-received by teachers, and had an enthusiastic reception
both among_students, and in the mathematics education community.
Eighty-sevén percent of pupils said they had enjoyed the work, and 90
percent feltithat they had learned some mathematics. This was borne out
by theirsteachers and by observers. For each task more than three times
more! pupilshwanted to continue to work on the project for longer than
three weeksjas thought the time involved was too long.

TeacherS reported that the SAT took no more preparation than normal
classwork. Although the assessment took longer than normal class
assessment for this period (27 minutes per pupil against 21), it took less
longsthan GCSE coursework assessment (at 29 minutes). This was in spite
of the fact that 42 percent of the teachers had had no previous experience
of assessing against criteria. The hardest part of the assessment for teachers
was the need to assess some of the oral and practical aspects during class
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time, which only 49 percent found to be manageable; nevertheless, where
it was possible it was generally agreed to be both more accurate and more
beneficial than written assessment.

Shortly before the pilot studies were undertaken, the new Secretary of
State, being concerned about the complaints at teacher workloadgat key
stage 1 (age 7), examined the pilot assessment materials for mathematies
and science at key stage 3 and declared to the national press that'theéy were
"elaborate nonsense". Without waiting for the results of the pilot, he
announced that the national tests for 14-year-olds in 1992 would be in the
form of short written tests, and modified the development contracts for all
subjects at key stage 3.

The current position is that 75 percent of schoels are expected to take
part in the 1992 round of testing. (Participation ¢ammot, as)jintended, be
legally required until 1993 since the modified'attainmentitargets on which
the tests will be set cannot legally come inte,foree'before September 1992).
Each pupil will sit three one hour tests ofi June, 9th at specified times, and
between them the tests will provide a leyel ‘omjall, four of the content
attainment targets. At least half the statéments of attainment will be
assessed at each level on a criterion-referencédybasis, with the marking
being carried out by teachers and@udited by examination board personnel.

The items are allocated into“foursbands of adjacent levels: 1-4, 3-6, 5-8
and 7-10. Pupils are entered for the band, of levels which teachers judge is
most appropriate on the basis of their‘teacher assessments, and will be
assessed at a level in the agreed range for each attainment target. Apart
from the entry decision, it seems likely that teacher assessment results for
the content targets will bg{usedyonly in case of appeal.

The process attainment target, Using and Applying Mathematics, will be
assessed only by teacherjassessment, A set of the materials used for the
pilot in 1991 will probably:béssent to all teachers to assist this assessment,
but teachers may ¢hoose to use other methods of assessment.

One of the advantages/©f the SATSs piloted in 1991 was that the content
areas were asséssed as‘part of an extended task. This meant that pupils had
to be genuinely abléjto apply their understanding and skills in a problem--
solving cortext. However creative the team, the return to written tests with
short itemsas atkey stage 1, makes it easier to coach pupils superficially
for theqtests,"leading back to the barren curriculum which has been the
result of ‘examination-oriented mathematics teaching in the past.

Dueito these changes, teachers at secondary level have not all yet started
on_the“continuous criterion-referenced teacher assessment. This has
additional complications at this level, partly because teachers do not see
their students so frequently as at primary level (although primary teachers
haverfnore subjects to cover in return). They are also in the position over
the "next few years of having to determine on which levels to place
11-year-old students in each attainment target; by 1994 students will arrive
at secondary schools with a comprehensive record of previous attainment.
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One of the problems already found at primary level which seems likely
to recur in a more extreme form at secondary level is that of teachers
finding it difficult to distinguish curriculum coverage from permanent
learning ("the implemented curriculum" from "the attained curriculum”, e.g.
Travers, 1989). At age 7, results of 1991’s national tests indicate,that
teachers tended to over-estimate their teacher-assessed results as compared
with the SATs results in the much-taught areas of number and“measure-
ment, and correspondingly to underestimate in less-taught areas of ‘shape
and data-handling.

5. CONCLUSIONS

The assessment of the national curriculum initially broughtstogether, using
a new level-based criterion-referenced framework, the two previous trends
in assessment in Britain:

o broadening of modes of summative \assessment;
o continuous formative/diagngstic assessment by teachers.

Each of these changes were themselves novel and neither universally
implemented nor fully evaluated. Due to,the undue haste of the Govern-
ment we thus embarked on a huge national assessment experiment with
insufficient consultation, planfing or trialling. Nevertheless initial indica-
tions suggested that at least seme aspects were successful and brought
genuine educational advantagesTeachers favoured modifications leading to
a system that an earlier feasibility study had proposed (Denvir et al., 1987).
This was that they shouldibe left free)to give SATs at any time, and to take
them into account in arriving’ at their own assessments, which would be
reported, subject to moderation.

But befote thereyhadbeen time to evaluate the system, yet another
series of irrational deeisions emanating from new ministers in the same
Government_have feversed much of the previous policy. The UK now
seems to be heading back to our previous position where the curriculum
becomes Subservient to the requirements of regular routine written
examinations, which the Cockcroft Committee in 1982 identified as a major
caus¢ of lowistandards of motivation and achievement. We have on board
a disillasioned set of teachers and educationists who put a great deal of
now.apparently wasted effort into realizing the more positive effects of the
€arlier proposals.

Other countries can hopefully learn from our failure to take our
politi€¢ians with us on the journey.
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CHRIS LITTLE

THE SCHOOL MATHEMATICS PROJECT:
SOME SECONDARY SCHOOL
ASSESSMENT INITIATIVES
IN ENGLAND

1. INTRODUCTION

The established English tradition (see, for example Howsonj1982) of public
examinations at ages 16+ and 18+ has had an endrmous effect on the
implementation of the mathematics curriculum 'in_ English secondary
schools.

To be effective, all secondary school cirriculum development must be
underscored by suitable examinations, and the Sehool Mathematics Project
(SMP) has from its early days worked with éxamining/bodies to ensure that
public examinations are developedéwhich ‘teflect’and support curricular
aims.

This paper outlines recent deyelopmental work on assessment conducted
by SMP in England and Wales, and diSeusses/Some of its implications. The
references SMP 1, SMP 2, etc. refer to‘examination syllabuses listed in the
References.

2. DEVELOPMENTS IN. WRITTEN EXAMINATIONS
Context

Although the range,of mathematical problem solving which can be tested
in a timed ‘Written ‘examination is restricted, there is scope even in this
medium to set’questions which reflect curriculum goals, such as embedding
mathematigsfin contexts which are concrete and meaningful to children. For
example, the question in Figure 1 (from SMP 1) is psychologically quite
different to "ealeulate 54% of 1955", even though their mathematical
solutioniistidentical. Of course, not all mathematical topics (for example,
primeynumbers) can or indeed should be treated in this way.

Finding,and using contexts which are apposite and readily assimilated by
candidates is not an easy task. SMP uses teams of teachers to pool ideas for
questions, rather than relying on the ingenuity of a single examiner.

M. Niss (ed.), Cases of Assessment in Mathematics Education, 85-97.
© 1993 Kluwer Academic Publishers. Printed in the Netherlands.
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In the eighteenth century Captain Anson sailed roundithe world. He started out
with a crew of 1955. During the voyage 54% ofithe crewidied of fever.

How many died during the trip?
Figure 1

Differentiated Papers

The Cockcroft Report (DES, 1982) highlighted the demoralizing effect of
examinations which grade cafididates on the basis of failure. This has led
to the development of differentiated papers, in which a single syllabus and
examination is replaced by a'set\of syllabuses and papers, of increasing
depth and difficulty,| ffom which ‘candidates select according to their
aptitude. Depending on‘the,papefSitaken, a restricted range of grades is
then available.

SMP’s current| GECSE )\ (General Certificate of Secondary Education)
syllabus (SMP 1) istafiyexample of a scheme of this type, in which pupils
select two from‘a ladder of four written papers, each of which has its own
syllabus. Agestricted tange of pass grades, which run from A to G, are
available for each)level of entry (see Table 1).

For eachlévelythe mark range for the award of grades is approximately
40% 106°80%, and grading is therefore soundly based on positive achieve-
ment rather than failure. SMP has also extended the use of differentiated
papers toyone of its 18+ GCE (General Certificate of Education) A Level
syllabuses (SMP 2).

As with contextualisation, differentiated schemes of assessment have
addedto the complexity of the setting, marking and awarding of grades.
Anether difficulty is that some candidates are ungraded at the Higher Level
through poor performance, who would easily merit a grade had they been
entered at a lower level. This places the onus on teachers to enter
candidates at the correct level, and students themselves (and their parents!)
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Level Papers Grades
available
Foundation | 1 and 2 E F G
Intermediate | 2 and 3 C,D,E F
Higher 3 and 4 ABCD

Table 1 SMP GCSE scheme

must accept that they have a restricted range of grades available.

Nevertheless, differentiated papers have, undoubtedly Succeeded in
making written end-of-course examinations a‘mose positive experience for
students.

Comprehension Papers.

The curricular "backwash" from gimed written €xaminations need not of
necessity be educationally damaging. YAn alternative type of written paper
which has been developed by SMP infits Advanced Level syllabuses (SMP
3 and SMP 4) is the comprehensive \paper. In this, candidates study
mathematical articles, and then answer questions which either test
comprehension of the mathematics, or ask them to expand or develop the
ideas further.

Unlike conventional writtefipapers, which tends to close down and focus
the student on the syllabus contentythe effect of comprehension papers has
been to open out the mathematicgstudied, improve the students’ ability to
read mathematics intelligently, and broaden their attitudes to mathematics.
This type of paper has also proved to be an effective discriminator of
performange:

3. COURSEWORK ASSESSMENT

In England, coursework assessment in the GCSE has been used as a vehicle
for broadening classroom practice to include discussion, investigative and
practical work, as advocated in the influential Cockcroft Report (DES,
1982).

For \mathematics teachers used to the comfortable world of "right" and
"wrong" answers, the problems of assessing extended investigative work, or
oral” discussion of mathematics, are considerable. More qualitative
assessment of tasks also poses problems of the standardization of marking
or grading needed in a public examination.
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Coursework Tasks
Coursework development poses a number of questions:

0  What gypes of task are to be used, and who selects the tdski(the
pupil, the teacher, the school department, or the external gxamining
body)?

0 What conditions are laid down for conducting the wetkpand how
long is allowed to complete the tasks?

o How are the tasks to be assessed?

o What weight is given to the tasks in the overallischeme of assess-
ment?

In its development work for SMP 1, SMP has mieved from relatively well
defined prescribed tasks, varying in lengthiifrom ‘enéyhour to two weeks’
work in mathematics, with task-specific mark schemes, towards defining
broader categories of extended open-ended tasks, Selected by the teacher,
and marked in relation to general process ‘criteria;

The original prescribed tasks fell into five categories of work: drawing,
geometrical pattern, investigatiofis; statisticalisurvey, and sampling. Some
tasks were extended practical tasks, such as/the design of a dog kennel,
others were shorter tasks, designed to'be donte in about one hour. The tasks
were accompanied by mark schemes, which were developed on the basis of
trial pupil scripts (see Figure/2).

Detailed administrationy guidance was given to schools, to ensure
"fairness". Thus, pupils were'notiallowed to work cooperatively, and tasks
were to be given "cold"without any introduction or advice from the teacher.
Teachers were not allowed to report marks to candidates, or to give
specific feedback ongthe tasks. Teachers were encouraged to meet and
discuss the interpretation Jof mark schemes, in order to standardize their
marking. Although' coursework assessment was new to nearly all the
teachers, most‘were able to cope with the new demands placed on them.

Howevergprescribirlg the tasks, prohibiting feedback, and effectively
prescribing the responses to the tasks by issuing mark schemes, all limit the
educational westh of this type of coursework. SMP therefore sought to
develppicoursework tasks, called Open-Ended Tasks (OETs) which were
more genuinely open-ended and less restrictive.

SMP L,.now defines two broad categories of OETs:

(a) Practical or applied work, in which pupils apply mathematics to real
life problems;

(B) Investigational tasks, in which pupils explore intrinsically mathemati-
cal problems.
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SMP 11 — 16 Coursework Task

London East Anglian Grou
Midland Examining Grou

CIRCLES, DOTS AND LINES

Level: Foundation

Category: ST (in school under supervision, time limit 1 hour) Q

REMEMBER: Show all your working clearly so that someone else ca what you did.

N

In this task you are going to investigate lines joining dots.a c

You must join as many dots as you can, but lines must not ¢

In this diagram as many lines as
possible have been drawn,

These diagrams are not allowed because
you could draw more lines,

This diagram is not w some lines cross.

1. I( Use e of the circles on the worksheet to draw more diagrams.
igate the connection between the number of dots and the number of triangles,

How many triangles would there be if you had 79 dots?
Describe clearly how you got your answer.

Now look at your diagrams again. This time you are considering the number of lines.
(a) Investigate the connection between the number of dots and the number of lines.

(6) How many lines would there be if you had 113 dots?"
Describe clearly how you got your answer,

Figure 2
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Examples of OETs
Investigational
1. Hidden Faces

When cubes are placed together on a
surface, it is impossible to see some
of the faces of the cubes. Investigate
the hidden faces.

2. Growing Rhombuses

How many rhombuses are there on
this shape? Investigate this type of
diagram.

3. The Strange Billiard Table

This billiard table is a little odd. It
only has four pockets, and the base is
divided into squares. Only one billiard
ball is used, and it is always stru
from the corner at 45 degrees to
side. (The ball also rebounds at
degrees to the side). Investigate what

happens for tables of different sizes. oy

Practical

1. Car Park

It has been suggested nthe orary huts in a certain area are removed,
the area is turned i ar o replace one of the existing ones. Investigate this.
2. Smarti

You can bu ics in different types of package. Design a new package.

3. Shopping

%
ough SMP now provides some examples of each sort (see Figure 3),
s of finding suitable starting points for OETs is placed on schools.
nables tasks to reflect local interests, and reduces the possibility of
project work and "solutions" becoming standardized. Greater freedom can

be allowed for pupils to collaborate with their teachers and fellow pupils,
provided the resulting work can be assessed fairly.

family shop for food? Is this a sensible decision?

Examples of OETs

€0
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Rather than using mark schemes specific to the task, the work done is
assessed with reference to general criteria which characterize the investiga-
tive processes involved.

For Practical OETs, these categories are:

Identifying: Analyzing, Planning

Implementing: Modeling, Experimenting/Questioning, Sampling/Collect-
ing, Measuring, Processing Data, Representing, Cheeking/-
Optimizing

Reviewing: Formulating a Solution, Communicating, Interpreting,
Adapting

For Investigational OETs:

Identifying: Questioning/Extending, Planning, Getting Started/Simpli-
fying

Implementing: Working Systematically, Classifying, Symbolizing/Record-
ing, Conjecturing/Genéralizing, Checking/Proving

Reviewing: Summarizing, Commuhicating, Extending

The assessment sheets developed use ay'thermometer" approach rather
than assigning marks or grades for each category. The assessments on each
"thermometer" are then aggregated, by eye or judgement rather than by an
arithmetically defined procedure, to give an overall grade for the piece of
work. In-service training matefials have been produced, after substantial
trialing, which give detailed descriptions of the processes, together with
annotated student scripts.

Assessing work ingthis waylis quite different to using coursework tasks
with task-specific mark schemes. Here, the assessment scheme is less
objective, andproviding.adframework within which teachers can apply their
own professional judgements to establish the worth of the work. Experience
suggests thatwhile‘theydssessment of the teachers on the individual criteria
varies substantially, the overall grade awarded shows good agreement. It is
tempting to_deduce from this that an overall holistic assessment of the
worth .ofwa, piece of investigative work would be quicker and no less
reliable! But this procedure gives little help when it comes to standardizing
gradingshsince it is probable that teachers will each use different criteria,
suchgas quantity of work, effort, accuracy of calculations, and so on.
Applying detailed criteria, although daunting at first, becomes easier with
practice, after which they become more familiar.

The importance of GCE Advanced Level examinations for university
matriculation has perhaps hindered the acceptance of these rich but
intrinsically less consistent assessment methods at this level. Nevertheless,
SMP has introduced project assessment in its Advanced Level 18+
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syllabuses (SMP 3 and 4). The work has focussed more on mathematical
content than at GCSE level. SMP 4 contains a compulsory Problem Solving
Module, which is assessed through a one-hour comprehension test, and two
pieces of problem-solving work. The criteria for assessment are described
through the categories Design, Mathematical Enquiry, Rigor,#Model
Formulation, Interpretation/Validation, Initiative, Content and Communi,
cation.

Assessment of Mental Skills

Calculators are freely used in UK written examinations. Most GCSE
Mathematics syllabuses therefore use mental tests\toassess Other methods
of computation. These tests have proved to be quick,straighttorward and
painless to administer.

The tests need not to be restricted togthe "traditional” number work.
SMP has also used them in SMP S to test estimation, spatial visualization,
and even algebra. For example:

o Sketch a hexagon which hagfexactly two lifies of symmetry.

o Estimate the value of singfone hundred degrees.

o The point two comma négativeythree is reflected in the x-axis. What
are the coordinates of the image?

o A formula for the perimeter of a semi-circle is nr+2r. Factorize this
expression.

An issue which has prompte€dimuch discussion is whether pupils should
be allowed to use werking, or make notes of questions. The "purist"
approach here is to insist'on candidates writing nothing but the answer, in
order to "force" themgto, process the information mentally. The "pragmatist”
approach is to allow some working on the grounds that it is artificial to
deprive pupils of these,methods.

Oral Assessment

As discussiomis avital component of mathematical activity, there has been
considerable interest in assessing this. There are two aspects:

o " Hew can we assess the mathematics pupils know using oral meth-
ods?
o~“How can we assess the pupils’ ability to express mathematics orally?

SMP"has used two approaches. In SMP 1, "communication” is assessed as
one of the process criteria for open project work. Alternatively, in SMP 5
a more formal scripted interview has been used (see Figure 4). This has the
benefit that students (and teachers) take oral assessment more seriously.
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Interviews also create breathing space within the classroom for teachers to
focus their attention on oral aspects.

Interviews have been enjoyed by most students, and have furnished
teachers with rich insights into the depth of their understanding. Howeyer,
as teachers need to spend at least fifteen minutes with each student, it is
extremely time-consuming, and this has made it unrealistic for méstschools.
Oral assessment is moreover exceptionally difficult to standardize. Even
more doubtful is the feasibility of making robust assessments of collabora-
tive discussion between pupils.

Graded Assessment

The aspects of coursework dealt with thus farare,designedyto assess skills
and processes for which written examination pdpersyare not appropriate.
However, much of the ongoing class activity of,pupils consists of work of
this kind, that is answering written questiongfor exercises. By excluding the
assessment of these more routine aspects oficlass\work from coursework
assessment, one is neglecting a lagge source of information. Moreover, if
regular classroom assessments arg'credited toypupils as part of their GCSE
assessments, then this can act ds“a strong motivator, provided the assess-
ments are at an appropriate level of difficulty.

In the SMP Graduated Assessment Scheme (SMP 6), pupils sit regular
written tests, or "Recaps”, based on the curriculum material they are
studying (see Figure S5). To pass a Recap, they need to achieve at least 80%
of the marks for question§ ifiygeach of the categories Using Arithmetic,
Interpreting Data, Applying Spatial\Skills, and Interpreting Three Dimen-
sions. If they fail to reach this target; then after further study they may resit
the Recap, using a parallel version. In addition to these written tests, at
each stage, pupils take one-to-one, scripted, oral and practical tests, and
mental and@estimation_tests. Pupils may also submit extended, more
sustained topiciwork. On completion of each stage, pupils receive a Stage
Certificate which listsitheir achievements in some detail.

Most of the'marking involved in the scheme is straightforward. However,
class sizes have tobe small in order to cope with the large amount of one-
to-one assessment and administration involved.

Many of the low-attaining students who use this scheme in the past have
been elassified as "failures", and frequently truanted from mathematics clas-
ses beforeleaving school at 16. The short-term goals provided by the staged
assessments have proved to be a powerful motivator.

The test-remediate-retest cycle implied by graded assessment has also
affect€d teaching methods, which have become more diagnostic, selecting
specific mathematical tasks to help individual difficulties.
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Oral Interview Script (Foundation Level)
1991 Entry

You will need
Prepared item diagrams (tile patterns)
Unprepared item cards (door designs)

Reference sheet for unprepared item (door designs)

Red and white tiles
13th card (door with triangular pattern)

Script

A prepared item

Show candidate sheet with diagrams
A and B. Point out that the shaded
squares in the diagrams stand for red
tiles. Then choose diagram A or dia-
gram B.

Suppose I make up the sixth pattern of
diagram A/B with these tiles. How
many red and white tiles would I need?

Now, without showing me the dia,
tell me how you make up the sixth
pattern.

Follow instructions precisely, m
deliberate "mistakes" to prom
greater precision. Keep oral
short, e.g. "like this ...2"

ing
r

rkin

N

t ed here. If
pt with "are
wrong, ask about

peat question for
needs 6 red (shad-

nt and accurate instructions,

verbal prompting needed

nstructions succesfull, but lacking

a little precision, or some verbal

prompting needed

1 Succeeded with instructions, but
vague, and substantial prompting
needed

0 Fails to describe pattern, even
after prompting

[T T ]
[ W]

1st

3rd
DIAGRAM A

4th 5th

6th

3rd
DIAGRAM B

Figure 4 Oral interview script

4th

Sth 6th
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SMP Graduated Assessment
REVISED

% UA 5 0 3 AS 1T
Student’s N‘ramed by

(a) About how many grams do you
get for 1p in the large size? b4

(b) About how many grams do you
get for 1p in the small size?

Write large
(c) Which size gives you more for or Small

your money, the large or the small?

2 Here are some tins and packets with their prices.
Decide which size gives you the most for your money,

I O C
%m =
P .;

3 Here are¢ tins of beans,

425g
21p

Which tin gives you the most for your money?

o'SMP"1989 1 Page total ° l l

Figure 5
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4. IMPLEMENTATION

Implementing new assessment methods successfully is costly. Commitments
need to be made to the training of teachers and moderators to implement
and monitor the assessment procedures.

In the case of the current SMP 1, which had a candidature of 160,000 in
1991, well over 50 in-service courses have been run for teachersjon the'new
assessment methods, and over 100 coursework moderators were appointed
to monitor the examination this year. In order (0 be “aceredited to
administer the Graduated Assessment Scheme, whichhhas a current
candidature of 65,000, teachers have to attend a ¢empulserystwo day in-
service course, and to date over 5,000 teachers;have attended such courses.

All the courses run have been based on“thegpractical’ experience of
teachers who have helped to develop or pilet the assessment methods.

Successful implementation depends on piloting new ideas on a small
scale, introducing new ideas gradually, and/providingsradequate support to
teachers. It is important to learn tg,walk ‘before jyou run. Although the
prescribed coursework tasks deseTibed in Seetion 3 have educational
limitations, they provide a valuable learning\experience for teachers who
are not used to assessing open project work, OETs have replaced these
gradually, initially on an optional basis, soithat schools with different levels
of expertise and experience can select coursework which suits their needs.

5. CONCLUSION

SMP’s experience suggests,that itpis possible to broaden the range of
assessment methodsaused in‘large-scale public examinations, and that this
can have a beneficial ffe¢t on the school mathematics curriculum.

The various assessment methods discussed suggest the existence of an
Inverse Law of Assessment: the reliability of the evidence obtained is
inversely propertionalyto its educational validity! If public examinations are
to reflect and promote a dynamic, creative and intellectually stimulating
mathematics ‘eusriculum, then they must be prepared to use assessment
tools which,rely more on the professional judgement of teachers, and less
on objective externally devised tests.

Before, extending the range and variety of assessment methods, it is
therefore crucial to consider how they will be successfully implemented by
teachers. It is salutory to note that at the time of writing, the weighting
given t@ coursework assessment in the GCSE is to be reduced, because of
thépolitically perceived unreliability of the GCSE. It is important to weigh
the educational benefits of subjective, teacher-dependent assessment against
society’s requirements to have "fair", consistent, and objective public
examinations.
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LUCIANA BAZZINI

THE TEACHING/LEARNING PROCESS
AND ASSESSMENT PRACTICE:
TWO INTERTWINED SIDES
OF MATHEMATICS EDUCATION

1. INTRODUCTION

This contribution to the ICMI Study on Assessmént in, Mathematics
Education and its Effects deals with the relationship between instruction
and assessment and views their reciprocal dependencenA strong emphasis
on the interconnection between teaching, learning; and assessing is found
in the so-called dynamic assessment thapdderives from,the analysis of the
Vygotskian zone of proximal development and, theéxefore, is highly concerned
with the individuals’ responsiveness to teaching. An @pproach to assessment
which considers evaluation procedures as_eentinually intertwined with
teaching/learning procedures is widely held, inthe Italian system. It is also
deeply rooted in the Italian tradition. Imthe second part of the paper some
main features of the Italian assessment system are outlined. Finally, an
example of how the assessment problem i§ faced in a study on curriculum
development in primary school is given.

2. ASSESSMENT AND INSTRUCTION

In the last decades, some ehanging'views on mathematics education have
led to an increasing €oncern for the role of the individual’s own activity
within the teaching/learning process. As Christiansen and Walther (1986)
point out, three tendemicies may be noted: A growing acceptance of the
view that a prerequisite for "meaningful” learning of any part of school
mathemati€slis the individual’s personal involvement and reflection, an
emphasisinot only on the results of the mathematical working process, but
also on the'working process itself, and finally a tendency to see the teaching
of school mathematics not only as instruction, but as a long-term process
of interaction. According to these trends, and strongly contrasting with a
traditionalview of learning in which the child moves through a sequence
of'in¢reasingly difficult tasks, the assessment methodology called dynamic
assessment provides new perspectives.

M. Niss (ed.), Cases of Assessment in Mathematics Education, 99-106.
© 1993 Kluwer Academic Publishers. Printed in the Netherlands.
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Dynamic assessment refers to the assessment of individuals’ responsive-
ness to teaching (Feuerstein, Rand & Hoffmann, 1979) or zone of
sensitivity to instruction (Vygotsky, 1978). As Brandford et al. (1989) notice,
the methods of assessment are different from those used in standardized,
static assessments, such as intelligence tests and achievement testShOne
main feature of dynamic assessment is a systematic attempt to actively
change various components of tasks and approaches to teaching imyerder
to find the conditions that are most effective for each childgfhere is a
strong relation with Vygotsky’s notion of zone of proximal development. In
his view, every specific state of the child’s developméiit is characterized by
the actual developmental level and the level of potentidal’development.

"The zone of proximal development is the distance between the actual developmental level
as determined by independent problem solving and the level of potential development as
determined through problem solving under adult guidancg] ofjin collaboration with more
capable peers" (Vygotsky, 1978, p. 86).

The learner progresses in the zone of preximal dévelopment by means
of educational guidance and support. In“this, perspective, there is no
dichotomy between the learner’s jfidependence and the guidance provided
by the teacher: The two aspectsthelearner’s autonomy and the education-
al support, are interdependent. Various forms of knowledge cannot be
developed spontaneously by the learméf, but must be mediated by
educational forms of support.,One main’interest in the zone of proximal
development is the opportunity,to observe the child’s assisted progress and
do on-line diagnosis. In contrast\when a child’s competence is assessed on
some static, independent/test;“only, the child’s actual level of development
is reflected.

As Newman, Griffin & Celé (1989) point out, the two conceptions (the
traditional, static asSessment and the dynamic assessment)

"... lead to very.different‘apptoaches to monitoring the child’s progress and assessing his or
her abilities. In the traditional view, competence is measured by successful performance of
a task at a particular_ poifit in the sequence. Change over time is seen in improved
performance/of a task or in movement up the sequence. In either case, the child’s individual
performance'\isyassessed. The zone of proximal development provides a strikingly different
approach. Instead of giving the children a task and measuring how well they do or how badly
they do, one can give the children the task and observe how much and what kind of help
they need in order to complete the task successfully. In this approach, the child is not
assessed alone /Rather, the social system of the teacher and the child is dynamically assessed
todeterminc how far along it had progressed" (Newman et al., p. 77).

3. THE ASSESSMENT SYSTEM IN ITALY

Coming to consider the peculiarities of the assessment system in Italy, we
can say that the main trend is oriented towards methods which take into
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account the child’s cognitive and affective development in its entirety. This
is as true today as it was in the past. More precisely, a close connection
between teaching and testing is evident, in the sense that they proceed
together in the educational process, the latter as a means for the former.
Although the teaching system is quite varied with regard to types of'sehool
and pupils’ age-levels, we can recognize the tendency to be in agcordance
with the dynamic assessment methodology, at least in compulsory education
(ages 6-14). I will return to this point later.

We must also recognize that most Italian researchers “are, more
interested in evaluating programs and curricula thal)assessing, individual
students. However, since the focus of this study is on pupihassessment and
not on curriculum evaluation, I will limit myself to,the former aspect. In
Italy, the teaching system is centralized, in the sense that the Ministry of
Education takes the responsibility of issuing ‘programs for’ every level of
pre-university schools. Consequently, thefigovernment programs play a
crucial role in orienting didactic practice. Generally speaking, we can say
that the programs are guidelines concefning educational objectives,
contents, and methods. They are not issuedifrequently. The last issue of
programs for primary school (age/6-11) was"in'198S, for lower secondary
school in 1979, and for upper secondaryschool in 1990 (these latter are just
experimental programs). We hdve théisame programs for the age levels up
to 14 years; for the different kinds of upper secondary schools there are
specific programs.

As far as mathematics is cdncerned, the programs present an image of
coherence: At every level ,of the school, they recognize that the main
objective of mathematics €ducation is to train pupils in the approaching of
and solving of problems, in making suitable representations, and in
interpreting and verifying fesults. Deing mathematics is seen as a systematic
and progressive activity whichistarts in the earliest grades and proceeds in
a spiral or fan-shaped development. The student is encouraged to be active
in the construction‘ofhis/her knowledge. But this does not mean that the
practical teachingyis always in accordance with the programs’ guidelines.

In the programs; the assessment problem is contemplated explicitly. For
example, the government programs for primary schools point out that in
order to secure an effective evaluation of the starting point and the arrival
point ofsthe child’s learning processes and difficulties, and in order to get
a good individual and collective comparison, primary school teachers must
systematically collect information on a child’s cognitive and affective
development. Different ways of collecting data should be used: Objective
tests'and other informal kinds of assessment are suitable. In short, we can
See an orientation towards a variety of assessment methods, in accordance
withrand as a consequence of a multifaceted approach to mathematical
activities.

From a strictly formal point of view, the teaching system provides three
assessment events: At the end of primary school, at the end of lower
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secondary school, and at the end of upper secondary school. A commission
formed of the teachers of the class and two other teachers of the school
assesses pupils at the end of primary school, on the basis of two written
examinations and an interview. At the end of lower secondary school, the
students are assessed by a commission consisting of the teachersgof the
school and an outside member, appointed by the central authority, who acts
as chair. The commission assesses the students by means of writtén, tasks
(on language, mathematics, and foreign language) and a discussion.

During the whole period of compulsory education, nofscoreis used.
Pupils are assessed by means of an individual judgement coneerning profit
and behavior. At the end of upper secondary schooléa commission of
teachers, coming from outside and appointed by the Ministrypef Education,
assesses the student’s achievements on the basis of two,written tasks, whose
specific content is established by the Ministryfand by a'diseussion based on
four subjects, two chosen by the commission and two by the student. The
final score is a composite of the student’s’profit in all the disciplines. This
final examination is a powerful landmark in erienting classroom practice in
the last years of secondary school. In contrast; since the examinations at the
end of primary and lower secondary’sehool are'established by the teachers
of the school, they do not constitute a ferced constraint on previous
activities. It is evident that therélis a,greater antonomy for the teachers in
compulsory education than for teachess at a more advanced level of
education.

4. LARGE-SCALE INVESTIGATION

The issue of new programs usually implies a phase of transition and
innovational ferment. On one hand, the government programs feel the
influence of the wérk that various didactic research groups (the so-called
Nuclei de Ricerca Diddttica) have been carrying out for several years; on the
other hand, thefworkacts'as a stimulus towards innovation. In the phase of
transition, the neediof knowing the reality is of great interest. This need to
analyze the¢“real situation in which the schools find themselves leads to
some large-scale testing.

The large-scale tests are not aimed at assessing students, but rather at
assessing the real state of things in schools. Standardized tests are quite in
contrast with our traditional approach to assessment. In fact, teachers have
always beén'reluctant to adopt them and, in particular, the multiple-choice
ones. This is mainly due to the deep-rooted idea that knowledge of the
subject)by the student cannot be well assessed by standardized tests. This
notwithstanding, the large scale-tests provide useful information. Let me
recall two examples. The first concerns the so-called VAMIO study
(Verifica delle Abilita Matematiche nella Scuola dell’Obbligo), which was
supported by the CEDE (Centro Europeo dell’Educazione) in 1985/86. It
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was based on the methods of the IEA surveys and was aimed at producing
a standardized test to assess pupils at the end of lower secondary school
(Bolletta, 1987). The second example concerns a study organized in 1985
by the IRRSAE Lombardia (Istituto Regionale di Ricerca, Sperimentazione
e Aggiornamento Educativi). This study was aimed at verifying the state of
things in the passage from primary school to lower secondary school
(Bazzini, 1989a) and from lower secondary school to upper’secondary
school (Reggiani, 1989). I was responsible for the developmentyof the test
of achievement in mathematics at the end of primary schodl inthi§ study.
The test consisted of multiple-choice items and, theréfore, didhnot suit the
usual models of assessment. The test was given to 1,500 students at the
beginning of the first grade of lower secondary'\school “ofithe 1986/87
school year. The students were randomly chosen from, the population of
students attending public schools in Lombardia.’ Without geing into detail,
I would like to point out just some particular facts.¥There emerged from
the results a picture of students as more ‘concerned with arithmetic
computation than with problem solving, alth6ugh arithmetic is traditionally
embedded in problems. Good performancesyin computation do not often
correspond to the capacity of mathématizing'a given situation or choosing
the right operation to solve a probleniy We also noticed that the ability to
continue a given sequence of dumbess or to discover a regularity, which
was not explicitly evident, did not seem to,be/in the baggage of the average
student. This information was vital to usiin successive research.

S. OTHERJKINDS OF ASSESSMENT

With the growing interestiin the teaching/learning processes, the necessity
of an accurate analysis of the'@assessment problem was a consequence. The
question has been/considered by Bartolini Bussi (1989) in the framework
of a study offisocialiifiteraction in the classroom. A more technical analysis
of the assessméntinstruments is given by Guala (1989). The debate is still
open.

Generally ‘Speaking, we can say that, in primary education, the most
common approachis in accordance with dynamic assessment, as we have
alreadyebserved. There is constant attention to observing what children are
able to dorand how they act. On the grounds of this, the teacher is ready
to adjust his/her intervention in order to fit it with the student’s perfor-
mance. We can also recognize an agreement with what has been called
informal assessment (Clarke, Clarke & Lovitt, 1990). Informal assessment
means a collection of assessment information coinciding with instruction,
thatiis"sensitive to process as well as product. By contrast, formal assessment
requires the organization of an assessment event.

In secondary education, the use of formal assessment increases, although
the informal tools (classroom discussion, interviews, free observation, etc.)
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are not abandoned. Moreover, assessment must continue in time, since
instruction is a long-term process. When the same teacher teaches the same
class for more than one year, as is usual in our system, a continuous
observation of the student’s development is possible and suitable. This is
a very relevant feature of assessment, because it keeps an acgéumt of
cognitive as well as affective domains.

The relevance of continuous assessment in primary education‘has,been
recently stressed by Webb & Briars (1990). These authors start, from the
basic consideration that mathematics is a dynamic, interconnected, system
and students’ knowledge of mathematical concépts andyprocedures,
problem solving, and reasoning develop and mature over a,period of years.
The knowledge of the meanings students assign topthé matheématical ideas
they are learning is very important and assessmenty then, must be an
interaction between teacher and student, withythe “teacher continually
seeking to understand what a student cando and“how a student is able to
do it, and then using this information to guide instruction (Webb & Briars,
1990, p. 108).

6. THE APPROACH 4O ASSESSMENT IN A STUDY
ON CURRICULUM DEVELOPMENT IN PRIMARY SCHOOL

I now focus on the basic assumptions adopted in a study on the develop-
ment of the mathematical cugficulum in‘primary school. This study, which
the Nucleo de Ricerca Didattica of Pavia, carried out for several years, is
aimed at putting into pragtic€ithe\spirit and suggestions of the government
programs, which arefwidely shared as far as methods and contents are
concerned. A close cooperation between university researchers and school
teachers is a particular featiire of the study. As far as assessment is
concerned, the study is embedded in the cultural atmosphere I have tried
to describef

From a general standpoint, we can identify two main streams: One
concerns a quantitative analysis of test results, while the other is concerned
with a qualitative analysis of pupils’ behavior. The former is more oriented
to curriculum,evaluation, the latter to pupils’ assessment (Bazzini, 1989b).
Following,the'programs’ recommendations, data on children’s progress are
systematically collected. The instruments used are of a different nature:
Writteny tests, classroom discussions, individual interviews, and free
obseryation. Some written tests are established by the entire group involved
in the study, and they are equally administered to all pupils at the end of
the first term and at the end of the school year. They are not multiple-
choice tests. The tests are conceived in accordance with the tasks pupils are
used to do in the classroom. Nevertheless, in some cases, pupils
recognize them as a means of control. For each item, the percentage of
correct answers is calculated; this gives information about the effects of the
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work which was carried out. The results of each test provide us with the
state of things at a certain moment. When compared with the results of
previous and successive tests, they can also give an idea of the way things
are going. This kind of information is very useful in the planning of
successive activities.

Together with the written test, several informal tools are usedito assess
pupils. These informal methods are not only a means of assessment, but an
integral part of instruction. As already observed, teachinggl€arning, and
assessing present a continuous interdependence, whose importance, is also
stressed by Marshall (1989) in her effort to shift ffom assessment proce-
dures in problem solving based upon statistical and psychemetric models
to procedures based upon cognitive models of leatning and mémory.

Last, but not least, is the problem concerning the teacher’s capacity to
observe pupils’ reactions. In many ways, the teacher is morélike a cognitive
researcher than a tester: Surely, the teaCher’s comipetence in cognitive
processes is a fundamental basis for understanding pupils’ performances
and assessing them. To this purpose, we dsually devote time and energy
discussing and analyzing students’ protocolspand)the different strategies
used in solving problems. Particular emphasisiis'given to recurring errors
and to finding the source of theseyerrors. The study in question has led to
a growing awareness, on the part.ofithe teacher, of his/her fundamental
role in identifying pupils’ knowledge, and ofithe need to clarify some pupils’
behaviors which previously may have seemed incomprehensible.

Teachers’ capacity to noti¢e, and interprete classroom movements plays
a crucial role in the teaching and learning process. Silver & Kilpatrick
(1989) observed that many-aspécts of problem-solving performance seem
likely to elude efforts ' todmprove testing through technique and technology.
Their assessment requiresithe)skills/of a sensitive, informed teacher. The
teacher who can cemduct ‘a problem-solving lesson can also assess how
student have responded t@ it and how their performance has improved as
a consequence, Whatyisfneeded are reskilled teachers who are able to
construct their'own assessment instruments and to determine what and how
their studentsyare“doing when they face mathematical questions.
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GUNNAR GJONE

TYPES OF PROBLEMS
AND HOW STUDENTS IN NORWAY SOLVE THEM

1. INTRODUCTION:
THE NORWEGIAN SYSTEM OF ASSESSMENT IN MATHEMATICS

In this paper we consider compulsory education in Norway. We use the
present Norwegian terminology, The Basic School,"t6 denote the' type of
school. Norway has a 9-year basic school. It is divided inte 2istages: primary
school (Grades 1-6) and lower secondary school (Grades 7-9). We look
mainly into formal assessment of students.

Historical Outline

Before 1938, a wide variety of assessment Systems were in use in different
regions. A widespread "inflation" ifihgrades was _observed. Following the
national curriculum plans in 1938, a_national system of evaluation was
introduced. There were guideliiesypublished for school-based assessment
as well as national external examinations. Eor large groups of students, a
norm-referenced grading scale was introdiiced with the percentages 4, 24,
44, 24, 4 for the hierarchy of grades.

In the mid-1950s, Norway started a process that extended compulsory
education from seven to sine years. In this process, revised assessment
guidelines were published n“1964., The guidelines have undergone several
minor revisions. Nine years of compulsory education was established by a
school law in 1969. The curticulum plan was completed in 1974; it is
referred to as M74"(Kirke- og undervisningsdepartementet, 1974).

In the process|of/extending compulsory education, a committee was
formed in 1972to consider assessment in schools. The two documents from
the committee appeared in 1974 and 1978 (Evalueringsutvalget, 1974 &
1978). In the'last of these papers the committee took a radical position
concerningjassessinent:

"The niajorityiof the committee proposes that there should be no formal assessment in lower
secondary education [i.e. grades 7-9]" (Evalueringsutvalget, 1978, p. 33).

Formal assessment should be interpreted as the use of a grading scale;
informal assessment should be interpreted as teachers’ opinions expressed

M. Niss (ed.), Cases of Assessment in Mathematics Education, 107-118.
© 1993 Kluwer Academic Publishers. Printed in the Netherlands.
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in written or oral fashion. This was a too radical change for the majority,
and the proposal was met with vigorous opposition. For various reasons,
this has not been an official policy since 1978. Norway now seems to be in
a situation where questions about formal assessment are not being
discussed.

The curriculum plan (M87) was revised in 1987 (Kirke- og undervisnings-
departementet, 1987). Assessment was not discussed directly in the revised
plan, and so far, there has been no attempt to perform a thorough revision
of the assessment guidelines.

The Present Situation

The 1938 system is still in use today, with some modifications” There are
no formal grades in primary school. The teachers‘give oral or written
reports on performance to students and parents. Iftlower secondary school,
the formal assessment is mainly school based: At the énd of Grade 9 there
is a written external exam (final), common forithe whole country, and a
possible oral examination.

The students have a written finaldexam in ‘ene of the subjects, Norwe-
gian, English or mathematics. The/subject is determined by a draw and is
announced two weeks in advamce,of the teést. Oral examinations have
become more common in latef years; now more than half of the students
have an oral exam in one of the school subjects.

Both the school-based and the examination grades are reported at the
end of Grade 9. A student might, therefore, get as many as three grades in
mathematics. For further sglection in the educational system, the average
of the grades in each, subjectiis.computed.

Trends

Two observed trends/in the present situation are worth noting. First,
assessment ‘subeulturespare developing in primary school. Teachers have
developed theiriown "formalized" way of reporting performance. Second,
there are reports on the grade inflation in lower secondary school'. Hence,
the situation now is somewhat similar to the situation before 1938.

2. FINAL EXAMS IN MATHEMATICS

Frompl984 to 1989 there have been two versions of the final exams in
mathematics. One version permits the students to use a calculator for part
of the £xam and one version does not allow calculators. It is usually the
school, or in some cases even the single teacher, that chooses the version
that will be used. The choice depends on whether students have been using
calculators in their coursework.



TYPES OF PROBLEMS, SOLVED BY NORWEGIAN STUDENTS

Both versions consist of two parts. One concerns basic skills (without a
calculator) and the second consists of more extensive problems. In the
second, the student is supposed to present a written solution, giving details
of his method, whereas in the first part, the answer or computations are to
be written on the exam sheet. Space is provided for this purpose. Eer the
calculator version, a calculator is available for the second part. Thetwe
parts of the exam are given out at the same time. The studentigets the
calculator when the first part is handed in. The total time for both partsyis
5 hours. The student is to self-determine when to hand in thefirst part. The
system of assessment for the final exam is both centzal and regional. The
guidelines for grading are made centrally a short time after the exam has
been held. The persons responsible for administering the grading process
in the regions meet in Oslo. Each person has graded as,manye€xam papers
as possible (usually from 100 to 150) before ithis meeting. During the
meeting, the exam problems are discussed, and/each problem is given a
certain "weight" (points). Then a recommendation 1S given on where the
boundaries between the grades should be set.-“The basis for this grading
process is a normal distribution, with the sample of exam papers graded.
The recommendations, along with™a. commentary on how to grade
problems, are then mailed to the feachers deing the grading.

The assessment process is fegional-*Eachy paper is graded by two
teachers in the region, who have to reach,a common grade using a 5-point
scale. The grading process leaves much to the teachers involved. There are
no detailed grading schemes. The weight i on the overall impression of the
student’s paper. If both teachers have arrived at the same overall grade,
performance on the individ#akproblems is not discussed. The grades for a
region are supposed to,follow the'ngrmal distribution percentages of 4, 24,
44, 24, 4, and some |adjustments may have to be made to meet this
requirement. If that is thelcase, performance on individual problems will
be discussed until an agreement is reached.

3. THE FINAL EXAM IN 1989

In 1989, three versions of the final exam were given: two versions of the
“traditional"“exam (according to M74), with or without the use of a
calculator, and one version following the revised curriculum plan, with a
calculater. The three 1989 exams had several problems in common. In all
three, the first part (basic skills) was identical. In the second part of the
traditional exams, only two problems were different. The other problems
were constructed so they did not favor the use of calculators. The exam
following the revised curriculum plan had a different second part. Some of
the problems were related to a common theme — the classroom. One
problem in the second part was the same in all three exams.
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Sample Problems
Traditional exams
We will concentrate on the second part of the exams. The problems are
numbered from 11 to 17. Each problem may contain several q
denoted a, b, etc. The two sets are identical except for problems
ith'a

In Problem 12a, the formula for the volume (V) of a py,
square base and a given height is presented:

_a*h

3
The problem is to express the height as a function e si the base
and the volume. o

Problem 14 is an equation to be solved &alidated:
.Si . 4(x+6) _ (x+2)=3- S(x,
2 3
Problem 15 is a traditional geom oble some construction and

some computation. The numbers s not to favor the students
using calculators.
In the parallelogram ABCD, AB and parallel. The angle ABC is 105
degrees, AB=10 cm, and BC=6 cm.

a) Draw or construct the parallelo
In this problem the tas!
this distance you
that the angle ABE

b) Construct the ki

c) Find the angles iangle BEF.

(The néth intérsects BE in G.)

d) Find the in the triangle BCG and in the triangle CEG.

e) Findt

f) Find engthof BE.

g) From ation you have, find the distance between AB and CD.

e distance between AB and CD. To find
iliary lines. The point E is on CD such
normal from E intersects AB in F.

ve to draw a

Revise um exam

some new problem types:

ay b, and ¢ are three different positive integers less than 10 such that:
l +l +l =1
ab c

Find the three numbers a, b, and c.
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Problem 18:

Given a scatter plot showing a linear relationship between the earth’s mean
temperature and the concentration of CO, in the atmosphere, the student is asked
to:

a) Draw a line of best fit of the scatter plot.
b) Use the line to predict the earth’s mean temperature at a CO, concentration of

1.15 ppm.
¢) Use the line to predict CO, concentration when the earth’s mean temperature

is 8.5 degrees Celsius.

d) Choose from among 3 given equations the one that best describes the given
points.

e) Explain why neither of the other two equations can be correct.

(The translation is taken from Romberg, Wilson & Chavarria (1990).)

Data on Students’ Performance

In 1989, I was grading the papers from the £€xams in‘two,regions. The task
was to grade together with another teacher, about,150-200 student papers
from 5-10 schools. Papers from all threefversionsyof the exams were
graded. In this process careful notesgwere taken on students’ scores and
how the problems were solved. In the two papers‘documented in this study
(Gjone, 1990a & 1990b) an analysis'showed that the student groups graded
in traditional exams were representative of the region, with respect to
grades. It should be noted that the onlyw€cords of the written exams
published by school authorities are the regignal distributions of grades. The
exam papers and grades of students are kept for some time, but the
teachers’ grading notes are not collected.

In the grading process 4 problem is graded right, wrong, or partially
right. My grading was adjusted with the grading of the other teacher when
differences in the overall'grade wereldetected. Hence, there are uncertain-
ties in the grades forsindividual problems. In this study, I have used two
categories to mark problem solutions: right and not right.

4."ANALYSIS OF MATHEMATICS EXAMS

In two papers (Remberg, Wilson & Khaketla, 1989; Romberg, Wilson &
Chavarria,m1990), a scheme for analyzing mathematical tests were
presented. The rationale for this type of analysis is the influence of testing
on. teaching, /documented in several studies (Romberg, Zarinnia &
Williams, 1989). In Norway there also is a documented influence of testing
(exams) on teaching. In a survey by The Basic School Council (Grunnskole-
radet, 1990) the data in Table 1 were obtained.

Inthe first Romberg papers, several American tests were classified, and
in the second some foreign tests (British) were considered in addition to
American tests. The investigation was "undertaken to identify items, and
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To a large extent 37%
To some extent 49%
To a small extent 9%
Not sure 1%

Table 1 To which extent does the final exam influence yourteaching
(Grunnskolerddet, 1990, p.23)

perhaps tests, that reflect the intent of the Standasds" (Remberg, Wilson
& Chavarria, 1990). Their reasons for ingluding foreign ‘tests were as
follows:

"We felt it important to examine these because only in théyUnited States have short-answer,
multiple-choice items been commonly used at each gchoollevelywhile most other countries
have not put such singular emphasis on arithmetic\calculations." (p. 12)

They noted that "it was mere difficultyto classify British tests than
American tests since the items‘couldoften be classified into more than one
content, process or level category".Imytheir analysis, each test item was
classified to three dimensions: content; process, and level of the response
required. The seven content areas were taken from NCTM Standards
(Curriculum and Evaluation Standards for School Mathematics) (1989).
The six process areas wereilicommunication, computation and estimation,
connections, reasoning,dproblem selving, and patterns and functions, also
found in the StandardshThe level) of response was either procedure or
concept.

We have analyzed Neorwegian exams using the method developed by
Romberg @nd his colleagues. There are several reasons for applying this
method to Notwegiantests. The classification scheme can function as a tool
for analyzing chamges in exams over time, especially in the present
situation,/when Norway is in the process of implementing a new curriculum.
The method, can also be used to analyze differences in tests between
different, levels 'in the school system. It is also interesting to compare
Norwegian tests (exams) with the tests of other countries.

The Model

We have used the same three dimensions — content, process, and level of
respOnse — as mentioned above. Our categories are only slightly different
from the categories used by Romberg and his colleagues. It has been
necessary to include more content categories, to more closely reflect the
content areas in the basic Norwegian school curriculum?.
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In the content dimension, we used these categories: (an asterix * marks
categories that are similar to those used by Romberg and his colleagues).

Numbers and Number Relations (*)
Measurement (*)

Percent

Geometry (*)

Statistics (*)

Economics

Algebra and Functions (*)

Our process areas are basically the areas used” by Roemberg and
colleagues, but reformulated to correspond more closely, to the Norwegian
curriculum plan, Grades 1-9.

Communication
Computation and Estimation
Reasoning

Exploration of Patterns
Connections and Modeling
Problem Solving

Because of the nature of the problems posed in the Norwegian exams,
it has been difficult to classify each item into one single category. An
attempt, however, has been made to use a single category classification to
be consistent with the critefiaimRomberg, Wilson & Khaketla (1989). The
classification has not beefi tested by'others; it has revealed some character-
istics of the various versions and students’ performance.

Applications to Norwegian Exams

In this study, weleonsidered the three ‘versions of the final exam given in
1989. The exam followed the new curriculum plan (M87) and contained
some new problem,types. We asked how this exam fits the "profile" specified
by Romberghand his colleagues. We also used his classification scheme as
a basisdfoenthe‘study of student performance.

Our classification matrix is basically the same as that found in Romberg,
Wilson &, Khaketla (1989), with some added features. In the Norwegian
exami,each problem/test item carries a "weight" that reflects the difficulty
and amount of work involved in solving the problem. The tests have been
classified using the percentages representing these weights.

Inrthe classification process, a certain problem is put into one of the
categories of each of the dimensions. Let us illustrate the process with an
example.

The first problem in the exam was to compute the sum:
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312+56+1030

This problem is classified as follows:

In the content dimension the problem is classified as numbers and
relations, in the process dimension as computation and estimationgand in
the level dimension as procedure. As mentioned above, more,'complex
problems pose difficulties in this classification process. Many pfobléms on
the Norwegian exam fall into several categories. Each problem has‘béen
classified into what is seen as a "main" category, e.g., if 4 percentage is
found, percent is used, not number and number relations, evenyif numerical
computations have been used.

After all the problems in the exam have beenclassified, the totals
(weight) for each category in the content and process dimension are
computed for each level (concept/procedure).’As an example, it might be
found that computation and estimation sum to/8'points (out of a total of
50 points) in the process dimension (afid“concept level). Hence in this
dimension (and level), computation and estimation, is 16 percent.

Developmentsn the Final Exams

The classification of the three ¥ersions of the 1989 exams are summarized
in Table 2.

The most notable feature of the comparison is that the exam given
according to the revised curgiculum shows a definite shift towards more
weight on concept in the level ‘of response. This is a dimension which had
not been considered expli€itlymin'the curriculum revision, and it is difficult
to interpret this changes

Concerning the conftent, categories, we find an overall increase in the
numbers category and a decrease in economy. In algebra and functions,
more stress is on /coneept and less on process. The traditional equations
have beengeducedyin volume and difficulty; this corresponds with the
guidelines in theyrevised curriculum. In geometry we find a shift towards
balance between‘theyconcept and procedure levels of response.

There are“also some interesting changes in the process categories. The
"exploratiomef patterns” category has received increased weight, and so has
the connections'and modeling category. It is to be noted that there is also
an overall reduction in the computation and estimation category. These
changes,are seen to correspond with the intended new curriculum. There
is, however, one notable exception. Even if problem solving received more
attention in the revised curriculum plan, we see that the exam contains less
of what we call problem solving exercises. One of the reasons for this shift
issthe’new form of geometry problems — with more weight on carrying out
procedures and computation. The traditional geometry problems contained
ruler and compass constructions which was classified as problem solving.
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One must be careful when drawing conclusions from these few data. To
investigate development, it is necessary to look at a wider range of final
exams both before and after 1989. However, one should not underestimate
the "signals" that this one exam might give teachers, since all three versions

are easily compared.
Student Performance

To give an idea of the results obtained, we present a table o cores
on the problems presented above: ()

Test Sex '
12a 14 15a 15 15¢ 15\15£
M74-NC | B |23 14 63 26
Gl2 9 58 17
M74-C B 32 8 33
G|43 4 70 20 23
13 18a 18b
M87 B|23 73
G |21 65
Note: The numbers tudents having a correct answer. (B:boy,
G:girl). One o be made is that on the M74 version,
students with formed better than students without calculators.
This can befseen on other problems as well.
Table 3 @Studen
There arema to combine the information obtained by relating

student performance to the categories used for items. However, because of
the compa mall number of problems in each category, specific
conclusi t be inferred.

at the five problems with the lowest scores (all below 15
the revised curriculum exam, four are classified as concept
e process area they belong to the categories of reasoning,
on of patterns, connections and modeling, and problem solving. If
e consider some of these observations in conjunction with the develop-
ol f the exams, we see that the same process categories also gave
increased weight in the revised curriculum exam. We exclude problem
solving in this discussion, since the reduction of this category is due to one
type of problem.



TYPES OF PROBLEMS, SOLVED BY NORWEGIAN STUDENTS

We should be cautious about inferring a development from an analysis
of this first exam after one year of the new curriculum. However, if
students perform more poorly on a large part of the informal exam we may
have a shift in the meaning of the grades in the external exam. A student
may get a good grade with a comparatively weak performance with, the
norm-based scale. This, in turn, may have an effect on the ibserved
inflation of internal grades. Conversely, if we look at the thre€ problems
with the highest scores in the second part of the same exam (all,above 80
percent), they belong to communication, and computation and estimation.
This result is hardly surprising, since the students diave a‘comparatively
large amount of training on these problem types.

There has been some unrest among teachers congerning hew problem
types in recent years. Many arguments have been putiforward in favor of
the traditional problem type. It is therefore with seme surprise we find the
following: The problem with the lowest scgre (abouty29 percent) in part 1
(counting all versions of exams) was to simplify, the expression:

x=(2x-1)+2-8+x(x£l).

This problem was classified as computation, algebra, process. This result is
difficult to explain, since this is a standagd problem in exams and textbooks.

5. CONCLUDING REMARKS

The content and development of mathematics tests have not been studied
systematically in NorwayInithe\Norwegian system, where much of the
assessment process is\inférmal and‘subjective, it is important to be able to
"measure" profiles of testsyas a basis\for further development. The use of
the classification scheme, asideveloped by Romberg and his colleagues,
shows that there are somepossible developments in Norwegian mathemat-
ics tests thatineed to'be analyzed further.

NOTE

The rescarch reported in this paper was supported by the Program for Research on
Education under the Norwegian Research Council for Science and the Humanities and the
Regional,Board of Colleges in Oslo/Akershus.

1. Fhese are not documented trends, but based on unsystematic observations and articles
in newspapers and teacher journals.

2~Feranalyzing differences between tests at different levels of a school system, as well as
differences between countries, some common content categories should be agreed upon.
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HANS NYGAARD JENSEN

ASSESSMENT OF PRIMARY AND LOWER SECONDARY
MATHEMATICS IN DENMARK

1. INTRODUCTION:
MATHEMATICS IN PRIMARY AND LOWER SECONDARY/SCHOOL

The primary and lower secondary school in Denmark, called the /Danish
Folkeskole, is a comprehensive school enabling childrén téyremain in the
same pupil group from the 1st to the 9th or 10th Grade, as'th€y progress
automatically from one class to another, irrespective‘ofyearly attainment.
The aim of the school is to give pupils thedpeossibility of acquiring
knowledge, skills, working methods, and wdySief expressing themselves that
will contribute to their all-round development as,individuals.

Mathematics instruction takes place during everyyGrade of the school,
and the main areas of the subject,aumbers and algebra, geometry, and
statistics and probability, are taught at.every level. The aims for instruction
are described in general terms dnd,inclade references to concepts, skills,
and attitudes, as well as to content. Each lo¢al municipality has to adopt
the aims laid down by the Ministry of"Eduication for a subject but is free
to develop its own guidelines, which then becomes mandatory in its school.
The vast majority of the muniéipalities adopt the Ministry guidelines for all
or almost all subjects.

In the 8th to 10th Gfrade, the pupils will have to choose between
mathematics instructionl given in a basic course or in an advanced course.
It is also possible for'schools) in (cooperation with the parents, to offer
unstreamed courses ifmathematics. During the years, this option has been
more common so that{ today, almost 90 percent of all pupils are following
either an advanced couise (33 percent) or an unstreamed course (55
percent). It is 4 movement towards "mathematics for the mass", so to speak.

2. ASSESSMENT IN MATHEMATICS

Internal assessment may be done by the teacher in an informal way during
the school,course. The parents will be informed formally about their
children’s progress at least twice a year. The general mode of reporting is
oral, but after the 8th Grade, the assessment has to include a written
report,

M. Niss (ed.), Cases of Assessment in Mathematics Education, 119-127.
© 1993 Kluwer Academic Publishers. Printed in the Netherlands.



HANS NYGAARD JENSEN

The external assessment system in mathematics consists of The School
Leaving Examination and The Advanced School Leaving Examination. The
School Leaving Examination may be taken after both the 9th and the 10th
Grades. All pupils present themselves for these examinations, no matter
whether they have been taught in a basic course, an advanced courséyer an
unstreamed course. The examination in mathematics can only be 'taken in
a written form. It consists of a one-hour test in basic skills with answers
written on the examination paper by the pupil, and a four-heur written
paper containing problems mainly of a practical and appli¢ational\nature.

The Advanced School Leaving Examination can b&€taken only after 10th
Grade, and only by pupils who have taken advanced or unStreamed courses.
The examination has oral and written parts. Y[he fourshour written
examinations have the same characteristics as the School Leaving
Examinations, but have more and higher level problemsyThe pupils can
proceed in the educational system — to thesdifferentikinds of education for
youth — both after the 9th and after the 10th, Grade. So, the Advanced
School Leaving Examination is not requifed, €ither in principle or in
practice, to enter, for example, the upper seecondary school, the Gymnasium.
After the 9th Grade, 55 percent of’pupils will.eamtinue to the 10th Grade,
while 21 percent will proceed tgtupper secondary school, and 1S5 percent
will join Basic Vocational Training. "After the' 10th Grade, 23 percent of
pupils will continue to the upper seeondary school or to other courses at
the same level.

Examinations are not compulsory. The pupil has the right to decide
whether or not to sit for them,\after consultations with the school and his
parents. It is, however, rare féma'pupil to decide not to sit for an examina-
tion: Only about 2 peércént do not participate after the 9th Grade and 1.5
percent after the 10th'Grade.

Each examination,subjectyis assessed on its own merit so the results
cannot be summed to,give an average mark. No one can "flunk out" of the
public edu€ation syStemdbecause of low examinations, although pupils
obviously can/obtain insufficient marks to continue to upper secondary or
tertiary education.

The assessment scale for achievement is divided into three main groups:
good, average, and weak, and contains 10 different marks in all. The
writtengiexaminations are marked relatively to the national average,
according to) centrally-determined criteria by centrally-appointed external
examiners.

In addition to the final examination, the pupil will be assessed for the
year’s work, and although the same scale is used, he is now judged
according to the class average. It can be a problem, especially for the pupil
frem”an advanced course taken after the 9th Grade, to be judged in the
same subject but on such a different basis.
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Oral examinations occurring after the 10th Grade are set locally. They
are carried out locally, but, since from 1990, to some extent, with the
participation of external examiners.

3. CONTENTS AND APPEARANCE OF THE WRITTEN EXAMINATION PAPER

The written examination paper after the 9th and the 10thgGrades has
gradually changed in appearance and content during the last 10'years. The
written paper now deals with an overall topic, which is\elaborated in
different ways in the specific parts of the examination,

Examples of such thematic examinations are:

0 Calculations and problem solving in connection with a craft (e.g.,
carpenter, farmer, nurse, fireman),ts education, economic condi-
tions, materials, and statistical data.

o Calculations and problem solving in £ommection with having a baby
(e.g., the growth and weight of the baby, salary problems caused by
maternity leave, etc.).

0 Calculations and problem solvirig,in connection with a birthday party
(e.g., shopping, baking a’cakejtable arrangement).

And so on.

The following (Figure 1), example comes from the 9th Grade examina-
tion of May-June, 1989. Theitheme in this paper deals with the sport of
table tennis. The problefns and concerns are with buying equipment, the
area of the table or the, playing, field, the speed of the tennis ball,
determining the number of'games by combinatorics, and a description using
functions of different j/models for collecting money to support the tennis
crew. Finall§j) the last,page deals with packing the balls, and includes an
open-ended question about comparisons of different types of boxes.

The following  three pages, Figure 1, contain the School Leaving
Examinationy'problem arithmetic", 9th Grade, May-June, 1989, 4 hours. An
Englishgtranstation is sebsequently presented, Figure 2.
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1. KOB AF UDSTYR TIL BORDTENNIS

En bordtennisklub keber felgende udstyr:

15 aesker bolde

12 trojer

2 bordtennisnet

2 bordtennisborde

Net 410 kr.

® Hvor meget koster udstyret i alt?

® Hvor meget skal klubben betale,
hvis den far 15% rabat?

Bordtenistmje
185 kr.

Bordtennisbord 5210 kr.

2. SPILLEPLADSEN

Til en bordtenniskamp skal spillepladsen
veere 12 mx6 m.

® Beregn spillepladsens areal.

Gulvet i en sportshal er 40 mx20 m.

® Hvor mange spillepladser kan der hojst
veere i hallen?

P4 figur 1 er bordtennisbordet anbragt
pa midten af spillepladsen.

® Beregn afstandene a og b i virkeligheden.

Bordtennis-
bordet:

3. VERDENS HURTIGSTE SPIL - . = .

En bordtennisbold kan‘under,spillet opnd en fart pd 170 km i timen.
Denne formel kafi'bruges tilat beregne farten:

V er farten, mélt i km pr. time

s er den straekning, bolden har

v-36-8:t bevaeget sig, malt i meter

t er tiden, méalt i sekunder

e/Beregnifarten V, ndr s = 4,5m og t = 0,1 sekund.
® Hvor mange meter har en bold bevaeget sig p& 0,25 sekunder, ndr farten er 90 km pr. time?

&'Beregn tiden t, ndrs = 6 m og V = 144 km pr. time.
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| en cup-turnering er det kun vinderen
af hver kamp, der gdr videre.

4. CUP-TURNERING

| en cup-turnering deltager 8 spillere.

P4 figuren kan du se planen for turneringen. TURNERINGSPLAN
. Spiller nr. 1 Vinder af
* Hvor mange kampe har vinderen af ] kal kamp 1
. Dkt o
turneringen spillet i alt? Spiller nr. 2
* Hvor mange kampe er der i alt i en kam,
cup-turnering, hvor der er 16 spillere? Spiller nr. 3

Her er vist en turneringsplan for 3 spillere. Spiller nr. 4

Spiller nr. 1 kamp 1 4
Spiller nr. 2 >/.\- kamp 2 Spiller nr. 5
Spiller nr. 3

Spiller nr. 6

» Tegn en turneringsplan for 6 spillere.

® Udfyld et skema som dette. Spiller

msp%ye 314 |5 [6 |Z,_L8—I Spiller nr.
antal kampe alt| 9 | =
[ turringen. L2

e Angiv det samiede antal kampe i en cup-tur]

5. INDSAMLING TIL EN REJSE

Et bordtennishold mangler penge til e
De far 100 personer til at stotte hold
Der er faste udgifter p& 400 kr.

opfordrer derfor venner og bekendte til at stotte holdet.
skal give 1 kr., nér der vindes en kamp i holdturneringen.

® Hvor stort et beleb giver stott

Det samlede overskud kan u

MODEL | ‘

es\ved ligningen:

y er overskuddet angivet i kr. —Krfoverskud
x er antal vundne kampe N

2000+H———
et koordinatsystem som det viste. DR IREEIEE
1000—+—
Hvis hoidet i e fra 125 personer og har faste udgifter -l
pé& 1000 kr,, k det udtrykkes ved denne ligning: -0

y er overskuddet angivet i kr.

MOD 125-x — 1000 x er antal vundne kampe

afen for denne ligning i samme koordinatsystem.

vor mange kampe skal der vindes efter hver af de to modeller, hvis overskuddet skal vaere
pa 10000 kr.?

mange kampe skal der vindes, for at overskuddet bliver det samme efter de to modeller?
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6. ESKER TIL BOLDE

Bordtennisbolde kan kebes i asker med
3 bolde ~ se figur 1.

+ Beregn rumfanget af aesken.

Rumfanget af en bold er 28,7 cm®.

© Hvor mange cm® luft er der uden om
de 3 bolde i sesken?

* Hvor mange procent udger denne luft af
aeskens rumfang?

Udfoldet kan papaesken se ud
som vist pa skitsen - se figur 2.

® Beregn arealet af dette stykke pap.

ende

P4 figur 3 er vist en anden
ogsé kan veere 3 bolde.

® Tegnen nejag&i ede a@ske

® Foretag en igni de 2 asker,

idet du blandt,andet kan foretage beregninger - Sig
8

*Vis ing med cirkler, hvordan de 3 bolde er \
pla

figur 3

-
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"Problem arithmetic": the School Leaving Examination, May-June 1989, 4 hours.
1. Buying table tennis equipment

A table tennis club buys
15 boxes of balls

12 t-shirts
2 nets
2 tables
(at the prices shown in the figure).
O How much is the equipment in total?
O How much does the club have to pay if it obtains a lgy ded %
2. The playing field
A table tennis playing field is 12 m times 6 m. \
0  Compute the area of the playing ficld. .
The floor in a sports arena is 40 m times 20 m.

O  What is the maximum number of playi
arena?

In Figure 1, the table is placed in the centgnyof the
O Calculate the real distances a

3. The fastest game in the world
A table tennis ball may obtain a speed o
used to calculate the speed

hThe following formula can be

v = 3,6eset
where V is the speed (km/h), s is/Ahe distance travelled by the ball (m), and t the
time (seconds).

©  Compute the speed m, and t=0.1 secs

ed in 0.28 secs, if the speed is 90 km/h?

e r of each match stays in the tournament).
nt with eight players. The tournament schedule is shown

4. A cup tournament
We look at a cup to

in the figure!
o How at as the winner of the tournament played altogether?
O  Wh number of matches in a cup tournament with sixteen

pl
This is a schi a three-player tournament.
a schedule for a six-player tournament.
omplete the incomplete table shown.
ndicate the total number of matches in a cup tournament with x players.

tch won in the team tournament. The fixed costs amount to 400 kroner.
O  What is the size of the net profit if the team wins 52 matches?
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The net profit can be calculated according to
Model I: y = 100x-400
(v = the net profit (kroner), x = the number of matches won).
O Draw the graph corresponding to the equation in a coordinate system.

If instead the team is sponsored by 125 persons and has fixed expenditures o
kroner, the net profit can be expressed by
Model II:  y = 125x-1000
(x and y as before).
O Draw the graph corresponding to the equation in the sap
system as above.
o For the net profit to be 10,000 kroner, how many 'ches h
in each of the two models?
© How many matches have to be won for the net profit same in
both models?
o

6. Boxes for balls
Table tennis balls are bought in boxes of three
O  Calculate the volume of a box.

The volume of one ball is 28.7 cm’®.
O  How much air (in cm®) is sur
O  How big a percentage of th

alls in the box?
1s amount of air represent?

If the box is unfolded it can look
O  Calculate the area of this piece

box that also hold three balls.
picture of the box in unfolded shape.
. by performing calculations similar to those

Figure 3 shows a different type
O Draw an accurate re

o  Compare the two
mentioned above,

O Show in your
placed in the

eans of circles, where the three balls are

Figure 2 Tra

The 10th examination will, as mentioned, have greater length
(normally t s) and high-level problems, including some more
abstract p ms from the theory of functions (quadratic and exponential
functions), , and probability.

RENGTHENING THE LINGUISTIC COMMUNICATION
IN MATHEMATICS EDUCATION

report from the Danish Ministry of Education (1990), concerning content
uality in mathematics in the Danish educational system, recently
pointed out that linguistic communication — oral as well as written — should
be strengthened in several parts of the system. As regards the Danish
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Folkeskole, it recommended that the 9th and 10th Grade assessments
include oral examination. Looking at the experiences with the 10th Grade
oral examination, it recommended that it not be an imitation of the written
examination, but rather the pupil’s presentations of experien and
backgrounds derived from a subject they develop individually in ¢ ion
with their daily work.

REFERENCES
o

Danish Ministry of Education and Research: 1990, Mathematics: in e;ucation and
teaching (in Danish), Copenhagen. N

Hans Nygaard Jensen \
N. Zahle’s College of Teacher Education,
Copenhagen,

Denmark ‘
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ASSESSMENT IN UPPER SECONDARY MATHEMATICS
IN DENMARK

1. INTRODUCTION: THE DANISH SCHOOL SYSTEM

The Danish school system is divided into two sub-systems thatfunction as
two separate systems with regard to governance and t€acher recruitment.
Pupils between 7 and 16 years of age are taught inithe Folkeskole (primary
and lower secondary education), a 9 or 10-yeapcompulsery school, whereas
the non-vocational teaching of the 16-19 ‘yeam,olds“(upper secondary
education) is provided by the three year highyschool/grammar school called
the Gymnasium that admits just under 30 percent,of a cohort (approximate-
ly 20,000 students). Instruction in the Gymnasiumyprovides both further
education and general education. Zhe teachers hold university degrees,
usually in two subjects, the levels of which correspond to a master’s degree.

2. MATHEMATICS INSTRUCTION/IN THE GYMNASIUM

The Gymnasium has a linguistic and a mathematical stream. Mathematics
is not compulsory for the students in the linguistic stream, although
elements of the subject/form part of a science course. Therefore, the
following will dealJexclusively with mathematics instruction in the
mathematical stream'of the Gymmnasium. Mathematics in this stream is
taught at two levelsgealled"A'and B. B-level mathematics is achieved at the
end of the first two, yearswith 5 lessons (45 minutes each) a week, and A-
level is achieved at thegend of the third year with a further S lessons a
week. A-levelfis attended by 80 percent of the students from the B-level.
Mathematics instrirction comprises: pure mathematical topics and three
so-called aspects of mathematics, historical, modeling, and structural.

Pure siiathematical topics

At B:level: number theory, geometry (including trigonometry), functions,
differential calculus, statistics, and probability; At A-level: integral calculus,
differential equations, vector theory, geometry in two and three dimensions,
and computer-oriented mathematics.

M. Niss (ed.), Cases of Assessment in Mathematics Education, 129-137.
© 1993 Kluwer Academic Publishers. Printed in the Netherlands.
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Three Aspects

At B-level as well as A-level: The historical aspect aims at familiarizing the
students with element of the history of mathematics and mathematics in
cultural and social contexts; The models and modeling aspect aims at
making the student familiar with the building of mathematical models as
representations of reality; they are given an idea of the potentials“and
limitations in the application of mathematical models. In addition, the
instruction should enable them to carry out a not-too-complex,modeling
process; The internal structure of mathematics aspect aim§ at previding
students with an understanding of the modes of thought and the methods
characteristic of mathematics and their contributions tg'the development
and structuring of mathematical topics.

3. ASSESSMENT IN MATHEMATICS

The students in mathematics are assessed ifternally several times in the
course of the three years. The teacher andjthe students agree between
them how the internal assessment it'to be carriediout. For all students, the
final examination at B-level coniprises a wgitten examination paper (4
hours) prepared by central authoriti€s,(the*-Ministry of Education), and for
students not continuing to A-level, an.oral examination (approximately 25
minutes). Not all students in the country are given an oral examination
every year. The Ministry of Education selécts a number of students/classes
to be examined at the very end\of the school year. The final examination
at A-level comprises a writtefilexamination paper (4 hours) and — again for
a sample of classes —janforal examination (approximately 30 minutes).

The Written Examination Paper

The writteng@xamination paper contains purely mathematical problems as
well as problémis, invelving applications and simple modeling. Most
problems are compulsery, but there are also a few optional problems. At
B-level approximately 25 percent of the problems are simple, aiming at
differentiating, between different categories of less able students. The
remaining,problems are more complex in nature.

A [couple of problems of more complex nature from the 71990 B-level
written ‘examination follow:

Example 1
A factory discharges a phosphorous compound into its waste water. During the period
1986487, the waste water is examined, and it appears that the daily discharge of the
phosphorous compound is normally distributed with a mean of 0.53 kg and a standard
deviation of 0.20 kg.
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Q. Determine the probability of discharging more than 0.70 kg of phosphorous
compound during an arbitrary day in the period.

Q. Estimate the amount of daily discharge of phosphorous compound on the 10
percent of days when the discharge is at its lowest.

Efforts to clean the waste water of the factory are increased. Thus at thesend o!
1988 the daily discharge of the phosphorous compound was normally distrib
a mean of 0.41 kg, and the probability of discharging more than 0.70 ki i
arbitrary day decreased to 2 percent.

Q. Determine the standard deviation of the daily disch‘e f us
compound at the end of 1988.

Example 2
Q. Examine the function f with respect to do% , signs, and

monotonicity, with f defined by
fa)=Ex,
Q. Determine each asymptote of the graph.

Q. Draw the graph of f, and determi ues of f.

Example 3
This excerpt is from "How a computer is
Siemens A/G in 1989.

ed and produced" published by

Bit
capacity per chip: -10®
increase eve:

Memory access time:
halved every 10 years

. . T 10°
1975 1980 1985 1990

y how many percent is the memory capacity per chip increased every year?

Q. Determine the double-value period of the memory capacity per chip.
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Q. Find an expression for a function that describes how the memory access time has
developed since 1970 at which time it was 300 ns.

Q. In which year will the access time be 40 ns. if the illustrated development goes
on unchanged?

As will appear from the above examples of applications, the stidents are
not required to mathematize problems themselves, except in very Simple
cases, i.e., giving arguments for linear, exponential, and power growth or —
as in the example above — to find formulas for such functions.

Each student’s answers are assessed by two “officially appointed
examiners. Their assessment results in examination marks based on a 10-
step scale.

The requirements of the students’ answers @te thefollewing:

0 The correctness of methods and calculations applied by students
o The clarity of the students’ modes of‘thought’as seen from the
answers

A good answer therefore comprises;

o Clear and well-arranged calculatiens

o Carefully executed drawings (i.e., diagrams, graphs, and geometrical
figures)

O An explanatory text clarifying the way the problem is solved, with an
emphasis on the (sub%),conclusions reached

The Oral Examination

The topics for the ofal €xamination are chosen with respect to their many-
sidedness, degree ofidifficulty, and appropriateness for an oral examination,
i.e., the studentsishould Be given the opportunity to show their understand-
ing of mathenfaticalyconcepts and modes of thought to a greater extent in
the oral thafi expected in the written examination paper. At B-level, half
the syllabu$iis chosen for oral examination and one ore more of the three
aspects are ‘included. At A-level two-thirds of the syllabus is chosen for
examifation:

All )examinations are undertaken by the teacher and an officially
appointedexaminer. The external examiners are mostly teachers from other
sehoolsy and the assignment as an external examiner is a part of a teacher’s
job. The teacher produces the examination questions and examines the
students. The external examiner has the role of listener, and is only allowed
to put questions to the student through the teacher. The examination
questions are chosen in such a way that the examination reflects the way
the topics have been treated in everyday instruction. The oral examination
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tests the students’ abilities to explain essential parts of a mathematical topic
and their general knowledge of a mathematical theme. As a consequence
of these aims, the examination questions are divided into two parts — a
headline giving the theme for the examination, and a more detailed
description of a limited part of the theme, which the student is exp
explain unassisted.

At B-level the examination is divided into two parts, the latt
conversation between the teacher and the student for the_p
examining the student’s general knowledge. At A-level
expected to show his general knowledge in a more umnassist

Some examples of examination questions follow:

Example 1 (B-level). Growth Models

Q. Expound on the exponential growth model, in<.i graph (the
following data may be used as a basis).
Under favorable circumstances the bacteria esche: li es a cell division

every 20 minutes:

Time (min) 0 20
Number 1000 | 2000

The hour wages (in Danish kroners)‘of female workers in Denmark were in the years
1963-70:

Year 1965
Hourly wage 743
At the o mon it is expected that the student, in an unassisted
way, will explain, e.g.,

[¢]
[e]

t of growth in the real world may be exponential and why?
f(x)=ba* describe constant growth in percentage?
o (x)=ba* equivalent to the graph of f being a straight line in a semi-
arithmic coordinate system?
y is the double-value period a meaningful concept?
y is

T = log2 9
2 loga
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In the following discussion between the student and the teacher, other
growth models are covered (in a general way); one or more of the
following themes may be dealt with:

other growth models

problems related to
building and applying
models

difference between the
data from the enclosed
Figure 2

material
Other examp uestions are:

e concept of " =

-level). Equations of first and second degree

escartes’ Method in connection with the solution of the equation

Example
Q.

b.

-level). Polynomials
xpound on graphs and/or roots for polynomials of the second degree.

e 4 (A-level). Differential equations
Expound on the logistic growth model. The enclosed material may be used as
a basis. (This material is not included here).



UPPER SECONDARY ASSESSMENT IN DENMARK

The assessment of the students’ abilities results in examination marks on
the 10-step scale. The different forms of assessment and their relations to
the major components of the curriculum are summarized in Tables 1 and
2.

—
Procedure Internal assessment
Component Written Oral
Skills and understand- | Explain
ing through: o result
Main topics e exercises
o problems
Historical E.g. essays .(exlf The
golden section")
A aspect
s
p Models and E.g. small project re- all lectures e.g.
e . ports (ex: "Ra ive a mathemati-
modeling " "
c decay") model
t
s Internal E.g. essays lain
structure of theorem of Pyt e.g. "types of proofs"
mathematics | ras"

Table 1 Internal assessment

EN PROJECT

In the third year, dents have to prepare a major written project in
one of their& ject nts’ attending A-level mathematics may write
their projects i ematics. The students are rather free to choose the
mathematicalffopic, they often choose a topic related to one of the three
aspects, but purely mathematical topics are also chosen.

Example s of written projects are:

ory of ... (e.g. the complex numbers)
bylonian number system

eek Mathematics: Geometric algebra

spective drawings

athematical models in decision making processes
Mathematical models in epidemiology

0 Chaos and fractals

[e]
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-
Procedure External assessment
Component Written Oral
Skills in Understanding of
. . o applying methods « modes of thought
Main topics « problem solving « mathematical the-
mes
Historical E.g greek mathe;
aspect
A .
s « Applying known .
P Models and . g};d“if modelin
[ modeling P €
c
t
s Internal « "Explain that ..."
structure of
mathematics

Table 2 External assessment

The purpose of this project is to
to learn about a mathematical theme a: put their acquired knowledge
into written form in 10-15 pages. The project is assessed by the teacher
and an external examiner, and their assessments also result in examination
marks on the 10-step scal

nts demonstrate their ability

NAL REMARKS

The Danis}’ﬁnis ucation recently has implemented the Content
and Quality roject. In connection with this project, a report
has been publish athematics as a subject in the Danish Educational
System (D, inistry of Education, 1990).

One of s mentioned in the report is that linguistic communica-
: as written -should be playing a larger role in mathematics
, jerefore, it is very likely that in the future, oral examinations
ntroduced in other parts of the school system where written

i papers are now the only form of examination.
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WIM KLEDNE & HENK SCHURING

ASSESSMENT OF EXAMINATIONS IN
THE NETHERLANDS

1. INTRODUCTION

Secondary Education in The Netherlands is divided into four well-definéd
streams:

o Lower Vocational Education (Four years, 21 péteent of*the stu-
dents),

o Intermediate General Education (Four years;y34 percent of the
students),

o Higher General Education (Five years, 24 peteent of the students),

0 Pre-University Education (Six year$, 20 percent of the students).

In 1985 a new program was introduced fomnthe last two school years of
pre-university education. It divided “mathematics into two courses:
Mathematics A, with an emphaSis on_applying mathematics in other
subjects; and Mathematics B, emiphasizing pure mathematics. The curricu-
lum for Mathematics B is a variation development of the old program:
analysis including calculus and differential equations, and geometry with a
focus on 3-dimensional solids4The curriculum for Mathematics A differs
fundamentally from that for Mathematics B: applied analysis including the
derivative as a measure of/change; applied algebra including matrices and
linear programming; probability and, statistics including hypothesis testing,
informatics, and simple pregramming.

Mathematics A is designed for those who do not see mathematics as
forming a substantial part of their future university studies, e.g. economics,
psychology, @tc. At'the end of the pre-university course, students have to
take a final examination'in seven subjects. Mathematics is not compulsory,
so students can take Mathematics A, Mathematics B, or both A and B, or
no mathematics at all. In 1990, 59 percent of all pre-university students
opted for Mathematics A, 47 percent for Mathematics B, and 19 percent
for bothsAsand B, leaving 13 percent of students opting for no mathematics.

Reform of, the pre-university education curricula preceded that of the
higher general education curricula. In this stream, students have to take a
final_examination in six subjects. From 1992 on, students can choose
between two mathematics curricula: Mathematics A or Mathematics B. The
examingtion syllabus for A consists of tables, graphs, formulas, discrete

M. Niss (ed.), Cases of Assessment in Mathematics Education, 139-154.
© 1993 Kluwer Academic Publishers. Printed in the Netherlands.
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mathematics, statistics, and probability. The syllabus for B consists of
applied analysis and geometry in three dimensions. A governmental
working group currently is devising new mathematics programs, for all
school streams for the age range 12-16, that add more emphasis on applied
mathematics and 3-dimensional geometry.

Half of the assessment in the final year of secondary educationis made
up of teacher-made tests that are often written essay tests, althoughythey
sometimes include oral and sometimes individual pieces of werks As these
tests differ from school to school and depend on the textbook used, it is not
a simple matter to evaluate these tests.

We will restrict ourselves to the final examination papers that are valid
for the whole country, and make up the otheryhalf ofthe final-year
assessment. As the examination for mathematics ineludesopen-ended
questions, it is not easy to obtain data on the gesults. The Institute of
Educational Measurement (CITO) askedgevery<school to send us the
responses of five students to all questions on the'examination. That
approach provided us with reliable data for Mathematics A and B. We also
obtained information about students’, choice of other subjects, so we were
able to distinguish some subgroups within the group taking the examination.

Mathematics A, mathematics dn realistic eontexts, was an entirely new
curriculum and differed very much form what teachers and examiners were
familiar with. We will, therefore, focus.omit. The first examinations for pre-
university education took place in 1987, 'so we had four years of data
available for study, 1987-19904 Some problems from the examinations are
shown later in this paper. The examples include p-values, e.g., the
percentage of the mean Scorépfrom the maximum score for the whole
group. In the next section the examination results of three subgroups are
compared. The development and use of a test grid for final examinations
follow. We then deseribetsome trends in mathematics education and
assessment in The Netherlands. Finally, we come to some cautious
conclusions{

2. RESULTS AND SUBGROUPS

Each yeanwe obtained the results of the Mathematics A examination from
a sample ‘of more than 2,000 students. These data are shown in Table 1.
Using these idata from the four years, a decision was made as to what
number of points would give a pass result, to fix the caesura (break). This
was used to determine the percentage of students having an insufficient
mark. The mark gained for this part of the examination counted 50 percent
ofthe”assessment of each student; the other 50 percent came from teacher-
made tests. If these two figures differed too much, the inspector would try
to find out the reasons or the cause. The percentage of students having an
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insufficient final mark for Mathematics A was less than the above given
figures.

p-values
Question
1987 1988 1989 1990

1 96 71

2 91 89

3 60

4 53

5 55

6 79

7 66

8 61

9 60

10

11

12

13

14

15

16

17

18

19

20

21

22

23
Mean score 57 66
stand. dev. 16 17
reliability 77 83
caesura g 51/52 51/52 54/55
% insuffic 32 37 26

Note:
ndidate gets 10 points; the other 90 points are spread over
. The examiner has a strict set of correction rules, including
m number of points for each question.

athematics A results

ent can still pass the final examination with an insufficient mark
mathematics, because in The Netherlands there is a system of
sation. Good marks in other subjects can compensate for an

c
insufficient mark in a certain subject, i.e., to a certain extent. However, a
mark lower than 4 on a scale of 1-10 can never be compensated for.
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Those who are involved in the preparation of the examination papers
have tried to estimate the mean score before the examination takes place
by predicting the p-values of each question in one of five classes: Class I
with 0<p<20, Class II with 20<p<40, etc. The prediction of the mean score
in 1987 was 60, in 1988, 63, in 1989, and in 1990, 61. So the difference in
results in 1989 and in 1990 were not predicted.

In 1987 we had some trouble with the statistical relevance ofi@aieertain
problem and omissions in its context description, but we do not think that
students were handicapped by these troubles. Nevertheless! in“1987-1990
we spent a lot of time preparing good problems withycorreetiquestions. In
the meantime, we tried to understand the differencesin the results’of some
subgroups of Mathematics A students. The subgroups were:

I. Students also doing Mathematics B,
II. Students with Physics, without Mathematies'B, and
III. Students without Physics and without Mathematics B.

In the graph below, the mean p-values frem these three subgroups are
shown for the questions on the Maghematics ‘A éxamination in 1990. About
33 percent of the students who ghose\Mathematics A are in Group I, 10
percent in Group II, and 57 pereentyin Group' I11.
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Figure 1

One must keep in mind that the Mathematics A curriculum was designed
fersdbgroup I1I. Mathematics is compulsory for university studies in social
sciences. But students in these subjects do not study pure mathematics as
they will only use mathematics in other subjects in the future.

The mean scores for the three subgroups are:
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Group I Group I Group III
1987 73 64 53
1988 72 65 53
1989 69 63 50
1990 78 73 59

Table 2 Mean scores

The percentage of students having an insufficient mark in'Group III was
41 percent in 1987, 46 percent in 1988, 54 percent in 1989and 37 percent in
1990. This increasing percentage in the first thre€ years was very alarming,
but the result in 1990 was encouraging.

It is obvious that Group I does better than,Group III'because the weekly
amount of hours it spends on mathematics is twice as much compared to
Group III. We think that students in*Group Ilywill have an advantage in
applying mathematics in physics./We-were anxious to know what kind of
questions caused the biggest differencesDuring the 1987-1990 years the
questions were: linear programming ‘and (alculus in 1987; hypothesis
testing, linear programming, calculus“and probability distributions and
population distributions in 1988; a problem containing the chainline (which
has probably frightened the ‘students of Group III), calculus and a new
probability problem in 1989 periodic functions, proof in a new situation,
and probability in 1990.

The disappointing results of Group III could have been caused by the
fact that the curriculum was'mew to‘the teachers and they had to learn how
to teach it. Indeedf during the first three years, a large group of inexperi-
enced teachers weredinvolved and it is tempting to blame the scores on
them. But we dlso know that in 1989, for example, Problem 1 was not a
suitable first problem, especially for Group III, because many students used
calculus infeomputing a maximum value instead of looking at a graph.
Moreover, much difficulty was evidently caused by the chainline.

3. TEST GRID

Jn'an attempt to find better reasons for the differences between the groups
and between the years, we developed a three-dimensional test grid. The
next paragraph describes it. Up until now, we had used a two-dimensional
test grid for the construction of examination papers. On one side we listed
subject components and on the other side we listed behavioral components.
Each year before starting the construction of the problems, we had agreed
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upon the subject components to be tested and upon the percentage of
original questions to be used. After constructing a draft examination of the
paper we filled in the test grid for it. Of course this was a rather subjective
activity, but if the same group of experts does the activity, it is possible to
compare their results over the years. We constructed the final examination
papers this way for all levels of pure mathematics. For Mathematics A,
however, it was not a suitable practice. Totally different questions were fit
into the same cell because we could not distinguish between_guestionsyon
the same subject that asked students to do comparable activifies. Therefore,
we needed another component in the grid: skills.

Solving Mathematics A problems demands more thamithe math€matical
skills required to solve equations and inequalities. @ne“must be able to
choose a suitable mathematical model fitting the \eontext or to judge
whether a given model is appropriate. After finishing the mathematical part
of the problem, one must be able to transfer the‘mathematical results into
the context in order to answer the questionsyraised by the problem. To
judge a given model is easier than making aymodel, Therefore, certain skill
components are needed to make distinctions among the questions.

We have grouped the componeiits'into the fellowing main categories:

Subject components

i Functions, formulas, equations and idequalities
ii. Graphs, matrices and distances

iii. ~ Combinatorial analysisg probability and statistics
iv.  Linear programming

Skill components

To draw, make, judge, vary, and explain a model

To make or finish“a graphical representation of a model
To read data

To use mathematical skills

To use Acombination of, more or less, all the skills

HEQRE

With this‘mew classification instrument, we were better able to analyze
the final examination papers from 1987 to 1990. With the help of this test
grid, we.could compare the mean scores per cell for each of the subgroups.
As student Group II (preceding section) covers only 10 percent of students,
we have not included its results; we have compared the results of Groups
I and TH."We have computed the mean scores of the two groups per cell
and per year and converted these figures into percentages of the maximum
score.

These percentages are given in Table 3. Looking at the totals for the
subject components, one can see that subject ii, matrices, had the best
results, except in 1989. In that year the two matrix questions were original
and were of a complex structure (skill component T). The subject, proba-
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bility and statistics (iii) showed the poorest results. It is a difficult subject
and one can ask a variety of questions. In this subject the questions needing
mathematical skills (W) showed a good result; the students were able to
learn the solving strategies. The questions dealing with modeling were all
original. The three questions needing skill component G (readi a)
were easy for the students. This was not surprising, but the b

questions was too low for drawing statistical conclusions.
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Table 3  Cell mean scores as percentages of maximum score
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We see a total difference of about 20 percent between the results of
Group I and III. Note that the figures at the bottom on the right hand are
comparable but not the same as the mean scores displayed in the section
"Results and Subgroups". In 1989 in cell (i,W) the difference was 41
percent. One can presume that the chain line problem was the cau§ejalso,
for the 27 percent difference in cell (i,R). The difference between'the
results of Group I and III on the subject, functions, is bigger than the
differences on the subjects, matrices, and probability and statistics. This is
according to the expectation, because the analysis component found in
Mathematics B will help to increase the knowl€dge of functions in
Mathematics A. Matrices and probability and statisticsfate, not covered in
Mathematics B.

The difference was exceptional in cell (iii,M) in|1990; finding a relation
between mean and standard-deviation for Group,IIl wasyvery hard. This
cell represented an original question. Looking” at the behavioral compo-
nents, we distinguished between reproductiomyquestions and production
questions which had some original aspgCts. “Again we looked at the
differences between Group I (students who are also studying Mathematics
B) and Group III (students without Mathematies'B and without Physics).

Table 4 gives the mean scorefas a percentage of the maximum scores.

Reproduction | Production
questions questions

I I I I

1987 |70 49 70 45
1988 |70 50 63 43
1989 |74 53 53 30
1990 |81 67 66 32

Table 4 Mean,scores as percentages of maximum scores

As can'beyexpected, the scores on reproduction questions are higher
than those, on original production questions. But there is a trend toward
incréasingscores on reproduction questions over the years, while the scores
on production questions are decreasing, with the exception of 1990. This
1990,change is encouraging and may be the beginning of a new trend.

4. TRENDS IN MATHEMATICS EDUCATION IN THE NETHERLANDS

In the last decade, some new trends in mathematics education have
developed in The Netherlands. Up to the 1970s, innovation in mathematics
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education generally meant the introduction of new subjects. So, in 1968,
vector geometry and statistics were introduced into the pre-university
curriculum; at the same time, solid geometry was abolished. However,
during the 1970s people realized that innovation had to be more than just
changes in subject matter. This was caused by developments in mathématics
and also by the way people look at mathematics (Berry et al., 1984, Blum
et al.,, 1989).

It is necessary to mention some of the important trends offassessment
in mathematics here:

1. At present almost everyone comes into contact with mathematics in one
way or another. Because of that, it is necessary thatyoung people learn as
much mathematics as possible.

2. For years it has been emphasized thatythere iSpa sharp difference
between the two kinds of mathematics: pure and applied. Now we know
this distinction is too rough. There are many nuaneesyfrom "pure", to "not-
yet-applicable", to "applicable”, to "applied". Moreaver, whether this work
is (more) pure or (more) applied/often depends'on the mathematician’s
intention.

3. One of the characteristic aspects of‘matheématics is deduction. In former
days, we taught our pupils in school to reason in a logical way with axioms,
definition of propositions, and statements about shape and number
configurations. Too often we fargot that (school) mathematics was for
totally different purposest“With regard to the methods used by those
working in mathemati€s{ two types ¢an be distinguished: (a) working in an
existing mathematical systém, or "closed mathematics" ("fertige Mathema-
tik", Fischer, 1985), deduction’is an important tool; (b) working open ways
at new problems,, or "open mathematics" ("werdende Mathematik");
heuristics and commongsense are important aspects for a sort of local
deduction (var‘Streun, 1985).

4. When we take)Points 1-3 seriously, they have consequences for the
choice of subjeetanatter as well as for the working methods and assessment
in secofidary mathematics education. In the 1960s and the 1970s, we
thought abstract mathematical structure ought to be in the curriculum. Now
it.is cleanthat we have to pay attention to pure and applied mathematics,
andsthat geometry and geometrical aspects have to be part of both. In the
sphere of applied mathematics, we try to link up with the world of youth,
and more generally with realistic situations: mathematics in context.

S. Volume 4 of Unesco’s Studies in Mathematics Education (Morris, 1985)
stated: "Problem-solving is being ushered in as the paramount mathematics
innovation of the eighties". In the mathematics education of our country we
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know are trying to realize this innovation. The "open" working method,
mentioned in Point 3, can come into its own in "problem solving". Pupils
can learn that mathematics is more than thinking about problems which are
very simple in principle, removed from reality, and directed only toward the
generalizing of an abstraction.

6. In The Netherlands much attention is paid to the position of, the
computer in mathematics education. Its use in situations with ampabundance
of quantitative data is clear. However, much research still has to_be done
to develop more fundamental possibilities for it in §¢hool mathematics.

S. NEW TRENDS IN ASSESSMENT

In the beginning, too little considerationfiwas’given, to questions about
whether the traditional ways of assessment‘were appropriate for the new
curricula and working models. Indeed,fthe“intzeduction of applied
mathematics was the beginning of zeflections on)assessment (de Lange,
1987). In Dutch secondary education, realistieimathematics is so new that
new assessment developments dre mainly festricted to Mathematics A.
Many mathematics teachers are ‘eonvinced of the motivational aspects of
drawing applications from fields outside mathematics. Assessment renewal
is shaped by aspects of mathematization' and model-thinking. These fit
extremely well with the vision{that mathematics is ultimately grounded in
and connected with empirigism?

64RISKS

It is essential that we go beyond empiricism. In empiricism school
mathematiés becomesia,servant to the modern way of thinking about utility.
Then mathem@ties becomes an auxiliary science only. In that way of
thinking, applicationSywould come in first place; the relevance of school
mathematics would be derived from applications. Apart from the fact that
this way of thinking gives rise to false — or at least one-sided — images of
mathematics, it'1S possible that this working method would ultimately be
counter productive. The excitement of mathematics is increased with the
additiomef aftractive outside-mathematics problems. It is true that, in these
kinds,of problems, a more open method is being practiced; nevertheless it
remaing quite peripheral. Not only for outside-mathematics problems, but
also within mathematics itself, an open approach is possible and necessary.
Avtedcher who does not feel the excitement of mathematics and who does
not let pupils experience it, educates pupils who find mathematics tedious,
for whom mathematics is only a collection of dull problems. This is one of
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the main problems in mathematics nowadays, and manifests itself in a very
small number of students beginning in mathematics at Dutch universities.

7. TOWARD A BALANCED WAY OF ASSESSMENT IN MATHE

Assessment in mathematics has to link up with the subject m:
as with the working method. So the characteristics of pur
mathematics have come into their own in both the o
approaches. Taking both sets of distinctions into account w:
the following matrix.

d ed
closed

=

Approach | Closed | Open

Mathematics
Pure 1 3
Applied 2

Table 5 Type-by-approac

Analyses of assessment prgblems in schools and examinations teach us
that:
o Cell 1is the most by mathematics teachers and examiners
o Cell 2 is becoming of g interest
o Cell 3 and Cel e mostly unexploited

® @ 8. EXAMPLES
Nstrate the foregoing with some examples. The first
of the Mathematics A examination, 1990. (The p-

It is approp.
example i bl
values ap after the questions, within bracket).

Mathematics A, 1990.
tory produces two kinds of cathode tubes for television sets: Square and
e present machinery BFW is able to produce a maximum of 300 Square
and 375 Flat tubes. BFW delivers exclusively to TV-INTERNATIONAL;
cording to the delivery contract TV-INTERNATIONAL will take 400 tubes per
week at most. For BFW the profit on a Square tube is Dfl. 120.00 and the profit on
at tube is Dfl. 100.00. x is the number of Square tubes to be delivered in a week
and y is the weekly number of Flat tubes.

10. Compute the value of x and y for which the profit for BFW is maximal. (91)
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As TV-INTERNATIONAL has a large stock of Square tubes, negotiations took
place to change the delivery contract. BFW is still allowed to deliver 400 tubes a week
and the profit of the Flat tube remains Dfl. 100.00. For Square tubes the profit will
become dependent on the number of the delivered tubes of this kind. If x of this kind
will be delivered, the profit is Dfl. (120-x) a piece.

In the figure are drawn — without the restricted conditions — some iso-profit
lines for the new situation.

{400 ~_ T . —
3004 ‘ S e
I aa—
004 <
100 NN ™ —
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Figure 2

11. Investigate by a calculation if the ‘points{(150,150) and (250,100) are on the same
iso-profit line. (89)
12. Prove that the iso-profit line W=20000 is part of a parabola. (56)

In a certain week, after the new delivery contract came into operation, BFW
delivered the maximum numbes,of tubes to TV-INTERNATIONAL and reached a
profit of Dfl. 40,000.00. All‘the‘restricted conditions are fulfilled.

13. Compute the number of Square tubes BFW delivered that week. (54)
14. Compute the maximum<profit BFW can reach in a week, considering the
restricted conditions, after the new delivery conditions are introduced. (31)

Comments

In the test grid these problems were placed in Cell (iv,T), (i,T), (i,M),
(iv,T) and((iv,T) respectively, while the last three questions had some
original aspects. The whole problem completely fits into Cell 2 of the
matrix, The‘problem is closed and each question only allows one answer.
The word "investigate” suggest an openness which is not present at all. The
problem tests knowledge and ability of the students in the subject.

The“second example is from the Mathematics B examination, 1990.

Problem 3, Mathematics B, 1990.

For'every peR the function j;:x»xﬂ/l—px , xeR, is given. In a rectangular Cartesian
coordinate system Oxy K, is the graph of . In the figure K, is sketched, A is the
boundary point, B is the vertex, C is the point of intersection with the x -axis.
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»

V 7] X

Figure 3

11. Compute the coordinates of 4, B, C and D. (76)
12. Compute p if K, and K| intersect at right angles. (30)

Let the differential equation .
e s

T 2(x-y)
be given. In Figure 4 a part of the field of directi:
the figure one can suppose there are two linear fun

Figure 4 ©

13. Investigate if this conjecture is correct. (45)

ns j; are solutions of D.

These comments do not suggest that the problems are wrong or
improper. On the contrary, with these questions one can test whether
students have or do not have the intended knowledge and abilities at their
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disposal. However, good mathematics education and good assessment
practices have to go further. These questions are part of a central
examination. It may not be possible to go further in the situations
illustrated here.

An example of a problem that shows what is meant by Cell 4gin, the
matrix follows. It was in the 1990 Mathematics A-lympiad (anlympiad,
devoted to Mathematics A in our country).

The struggle against shoplifting, Mathematics A-lympiad, 1990.

Shop-keepers at last want to make an end to shop robberygOf course,there were
always customers who took little care in paying, but at present goods for theusands
of guilders are stolen from shops. The thieves go from shop to/shep."Many of them
come from a town in the neighborhood.

There were talks with the police which resulted in;a planforatelephone warning
system to be made. Fifteen shop-keepers will participate. Fhe shop-keéeper who points
out a suspected person, calls two colleagues andygives/a‘deseription of this person.
Ringing up colleagues takes two minutes. After two minutés” one of the two
colleagues has been rung up, so that he in his turnscan warn two colleagues; on the
average after four minutes he has warned the second colleague, etc.

Figure §

In Figure 5 the fifteeft’ shops are placed in a phone-tree. If shop 1 at time¢=0
begins to ring, after eight minutes 73%.0f the shops will be reached and shop 15 as
the last one will be warned after/twelve minutes. However, a thief will not always
begin at the top of the‘phone-tree (shop 1) with his raid. Therefore, the phone-tree
has to be adapted imysuch a way that every shop can start the warning system.

Task 1.

Invent various, variant§yfor this phone-tree. Use as criteria for the quality of the
variant thé number of minutes which is necessary for everybody to be warned, and
the numberof minutes which is needed to warn at least half of the colleagues.

To give the shops their places in the warning system one has to take into account
theif relative positions and the possibility of robbing a particular shop (the theft
possibility). For instance, if the personnel of a record-shop identifies a suspected
persomthey/will first ring up another record-shop and big stores and not the clothes-
shop across the street. (A map of the town and a survey of the fifteen shops are
provided for the students).

Task'2.

Invent a method to determine the place of the shops in the warning system. In so
doing you have to take into account the walking distance between two shops and the
"distance" concerning the theft possibility. Give the fifteen shops their places in the
phone-tree which was the best in Task 1. Investigate if, according to the new criteria,
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a totally different structure would be better. Bear in mind that each shop-keeper must
be able to handle the system in an unambiguous and simple way. Write a documenta-
tion of the system, remembering that the police will be needing a total survey of the
system and that each shop-keeper only has to know what he has to do. Also write a
"popular" story in which you explain for shop-keepers how the system roughly works
and why it is a good system.

In the foregoing, examples of Cells 1, 2, and 4 from the matrix were
shown. There are hardly any examples, at least at secondarydevel, for Cell
3. It is worthwhile, however, to try and develop such questions.

9. POSSIBILITIES

In The Netherlands, school examinations consist @fitwo parts: (1) a central
part, the same for all schools of a certain type;, (2) a§¢hool part, composed
by every individual school. In the school part, teachers ¢an pay attention to
the aspects that are, in their view, important. ‘Teachers can herein ask
facets meant to fit the various cells (Ito 4) Aumore open assessment than
the one which is practised tradifionally is_quite possible in classroom
practice. We have to find other forms than those wherein every pupil works
for one or more hours at the’same problem. We have to, for example,
consider group work: For some time (sevefal weeks perhaps) a group of
students will work in an open way at a)problem. Discussions with each
other and with the teacher, reéSearch in the literature, and presentations in
written as well as in oral fotm are extremely valuable elements. Some use
of this way of assessment is already underway in our country and the
outcomes are highly satisfying.

10. CONCLUSION

It is useful to/celléet data on examinations. Interpretation of these data is
often very difficult;'ofle must collect data during a long period in order to
give meaning to the results. For the construction of examinations papers it
is useful to'dévelop a test-grid. Prediction of the difficulty of an examina-
tion is*verydifficult to do, but is always worth trying.

It(is, of great importance to assess mathematics in ways that include a
good “balance between an open and a closed approach. In this way,
ass€ssment can become more adequate for the type of mathematics at
isste, as well as for the method of working, and for the elements that the
student most know or be able to do. It gives a better feedback to the
mathematics teacher as well as to the student. Last but not least, it is highly
motivating for students as well as teachers, and it contributes thereby to the
solution of the biggest problem of mathematics education today.
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MAX STEPHENS & ROBERT MONEY

NEW DEVELOPMENTS
IN SENIOR SECONDARY ASSESSMENT
IN AUSTRALIA

1. INTRODUCTION

Expanding the range of performance assessed in mathematics,in order to
reflect more fully the objectives of the mathematics curricalumis‘not likely
to be achieved without major reforms in the designpof thedmathematics
curriculum, at system and school levels, and by ensuring that assessment
procedures are driven by the curriculum, not‘the,otherway around.

This paper examines recent changes in carriclumiand assessment at the
senior secondary level in the state of Victoria,»Australiaj and contrasts the
impact of these changes with that of previgtls ‘andymore limited attempts
at change. Also discussed are the agents 'of, change and the interaction
between curriculum change at the lower ‘yearplevels and system-wide
changes in the structure of assessmient'and ceéstification at senior secondary
level.

2. THE{AUSTRALIAN SCENE

The "New Mathematics" Arfived\in Australia in the early 1960s. While
changes to content wer€ at the time seen to be most important, these
changes were essentially grafted onto existing arrangements for assessment
at the upper secondary school:

Elements of s¢hool-based assessment, often joined to moderation
procedures@were allowed, particularly for those courses where students
were not expected to undertake tertiary studies in mathematics. For those
who were orienteditowards tertiary level studies in the mathematical
sciences, thie principal forms of assessment were written examinations. Since
these examinations were also used to provide students with a tertiary
entraneemscore, it was customary for examination papers to include
questions ‘tanging from relatively simple, which most students could be
expected,to complete, to more complex questions which would sort out the
brighter and better prepared candidates. These examinations usually took
the form of two- or three-hour written papers. In Australia, there has been
no tradition of oral examinations in school mathematics.

M. Niss (ed.), Cases of Assessment in Mathematics Education, 155-171.
© 1993 Kluwer Academic Publishers. Printed in the Netherlands.
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The most visible and lasting changes in secondary mathematics grew out
of a multiplicity of what were, for the most part, small-scale changes in the
secondary years. Innovative approaches to the teaching and learning of
mathematics occurred through individualized learning, applications and
problem solving. These became embodied in curriculum packagessuch as
RIME (Reality in Mathematics Education, 1984), and the Mathematics
Curriculum Framework for years P to 10 (1988), developed in VicCtoria, and
national projects such as Mathematics at Work (1988) and the Mathematics
Curriculum and Teaching Program (1988). These and fother related
initiatives, though their adoption was never widespread,| constituted a
challenge to the more slowly changing courses and assesSment practices in
the upper secondary years.

Efforts to reform the senior secondary curriculum, never successfully
challenged the established framework of certificates,‘€Xaminations, and
procedures for tertiary selection. In response to/growing retention rates at
secondary schools during the early 1980s,"there was @ proliferation of
alternative courses, with different content, different assessment methods,
different student clienteles, and different levels|of acceptance in the
community, and for tertiary entry.

A Culturerof Change

By the end of the 1980s, sweeping changes to curriculum and assessment
in the senior secondary yearsgwere introduced in response to a changed
agenda for secondary schooling, in all Australian States, where it is now
assumed that the vast majofityp0f young will complete Year 12 before
moving on to further\study, work,“er a combination of both. As a result,
there has been an extensive top-dowmireform of curriculum and assessment
arrangements across.all subjéets in the senior secondary years. In mathe-
matics, these reforfms have given effect to many of the changes which had
been urgeddor manyfyears by the mathematics education community.

In Victoria,ghe, Victorian Certificate of Education (VCE), introduced in
all schools in_1990,%s-a common credential for the final two years of
secondary gchool, based on a comprehensive curriculum for all students,
comparable ‘assessment practices for all students in Year 12, and govern-
ment targets“for increased retention rates to the end of secondary
schooling.“While mathematics is not a compulsory subject, over 90% of
student$yin Year 11 attempt at least two units of mathematics, with a large
proportion attempting four units, and a smaller proportion attempting six
and eights units over the two years.

3. THE NEW STUDY DESIGN IN MATHEMATICS IN VICTORIA

The study design in mathematics provides a framework within which
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teachers develop courses in Change and Approximation (C & A), Space and
Number (S & N), Reasoning and Data (R & D) and extensions as units 1
and 2, or as units 3 and 4. Units 1 and 2 of the first three subjects are
typically taken in Year 11, and units 3 and 4 and Extensions are done
normally in Year 12. At each stage, a mix of core content and optioas is
required, with approximately 50% core content in each subject. A typical
8-unit student program over the two years of the VCE could be:

Year 11  S&N units 1/2 C&A units 1/2
Year 12 R&D units 3/4 Ext. C&A unitsi8/4

Work Requirements and Satisfactory Gempletion

Work requirements and their satisfactory completion arépkey features of
the Mathematics Study Design, and for all VEE courses. Work requirements
are intended to be used by teachers in planningyand managing each course,
and to provide a clear link between what stiident$ydo ‘in each course and
how their work is assessed.

Three work requirements apply 0 each course€of study in mathematics:

O Skills practice and standard applications: the study of aspects of the
existing body of mathematical kmowledge through learning and
practising mathematical algorithms, routines and techniques, and
using them to find solutions to standard problems.

0 Problem solving andinoédehng: the creative application of mathemati-
cal knowledge ‘and’ skills to"selve problems in unfamiliar situations,
including real life Situationss

0 Projects: extended independent investigations involving the use of
math€matics.

At least 20% of class time must be devoted to each work requirement.
Each unit ¢f the mathematics study consists of approximately 100 hours, of
which 50-60hhours is expected to be offered as class time.

To guete from'the Mathematics Course Development Support Material,

“on the basis of/a student’s completion of the work requirements for a unit that a judgment
of satisfactory”or non-satisfactory completion will be made and thus whether or not the
stident will receive credit for that unit towards the award of the VCE. ... They allow only
for a judgement as to whether the work was completed as specified in the study design.”
(CDSMy#1990, p. 75)

Levels of student performance, on the other hand, are determined by
Common Assessment Tasks (CATs).
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Satisfactory completion is thus a judgement about the work a student has
completed rather than about the standard achieved, although it is to be
noted that the work requirements have been designed in such a way that
a certain quality of work must be attained before the work requirements
can be said to be completed. For example, in meeting the work required
in Skills Practice and Standard Applications, students must submit,'propenly
finished work", and may be required to resubmit work which hdsinot been
properly completed.

Work requirements are a means of helping student§ to meet the
objectives of a unit. They are not assessment tasksgalthough, the two are
linked. Assessment tasks may be the product of all ofypart ofithe work
required. In Year 11, for example, the report of an investigative project or
the written report of a problem-solving task or seleeted assignments for
Skills Practice and Standard Applications may, be “usédsas a basis for
assessing levels of performance (CDSM, 1990, p. 77-78).

In summary, the three work requireménts of the ‘mathematics study are
intended to give expression to a broadenedsgrangeéjof mathematical activity
by ensuring that significant time is spent \on all objectives of the course.
The work requirements are direétly~linked togcriteria for satisfactory
completion, and, in all units, asse§smeant tasks assess learning that students
have completed through undeptaking the~work required.

These links between work requirements/and the range of performance
assessed in the VCE illustrate the two principles discussed by Malcolm
Swan (1991), the first principle being that of curriculum balance,

"The assessment package mustfeonsisthof a set of tasks of varying length which, taken
together, reflect our curriculum objectives, in a balanced way",

and the second that of eurriculumvalidity,

"The assessment tasks themselves must represent learning activities of high educational value
so that significant time‘spéntgon them will represent a benefit rather than a loss to pupils’
learning".

4/ COMMON ASSESSMENT TASKS (CATS)

The fnew<curriculum in mathematics for Years 11 and 12 requires
assessment of investigative projects, problem solving and analysis, as well
as continued assessment of basic concepts and standard applications for all
students. In Year 11, schools are responsible for carrying out assessment
tasks based on the work requirements. In Year 12, assessment is carried out
through four externally designed instruments called Common Assessment
Tasks (CATs).

The CATs have been developed in order to be accessible and challeng-
ing to students with a wide range of abilities; and to be appropriate to the
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range of different courses which can be formed within the study design.
They are also intended to constitute a reasonable workload for teachers
and students, possess public credibility and equal esteem, and be informa-
tive for tertiary selection and for employers. The four CATs are common
to all students taking courses at units 3 and 4. The following isfa brief
summary of the four CATs. :

CAT 1 is an investigative project on a centrally set theme. Thi§ @ssessment
task is to be carried out during a designated period, using a mix of in-class
and out-of-class time.

CAT 2, the challenging problem, is chosen from four centrally set
problems for each course. This assessment task is undestaken over a two
week period, with half of the time required to béspentiim'the classroom.

CAT 3 is a multiple-choice test, of ninety minutes duration.

CAT 4 is a test, also of ninety minutes, consisting of about four structured
questions which lead from routine/to non-routine aspects of a problem.

The last two CATs are condueted at the end of the year under test
conditions. The four CATs together areiintended to constitute a broadened
and more appropriate range of assessmentin mathematics. For CATs 1 and
2, which are not carried out uader test conditions, there are agreed criteria
for assessment, and a verification process which involves a comparison of
grades across several scho6ls, across groups of schools, and across the State.
The verification process, to be discussed later, is intended to ensure
credibility and communitypacceptance of assessments. Brief comments
follow on each of théj€ommon Assessment Tasks.

CAT 1 Investigative Project

This tasks reé@uires each student to carry out an independent investigation
and to communicate the results of that investigation. This task is completed
during a designdted twelve-week period as part of the project work
requirément, for Unit 3.

CAT 1isyintended to enable students to demonstrate their ability to carry
outlan, extended piece of independent work in mathematics. Students
undertake a project based on a single theme set for that year by VCAB (the
Victorian Curriculum and Assessment Board) in each subject. Students are
given the opportunity to work on their project during class periods. The
total time spent on the task is expected to be between 15 and 20 hours,
although teachers and students find it difficult to keep within these
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recommended limits. Each student is required to submit a report of about
1,500 words on the mathematical aspects and results of the project.

The following example (Figure 1) is taken from the Investigative Project
used in Reasoning and Data in 1991 on the theme of simulation. The
excerpts below contain a statement of the theme, general advi€€pand
instructions to students, and some possible starting points. Students also
received additional information on the prescribed conditions for thiSiCAT
and advice on the format to be used in their project report.

During class periods, and other times if applicable, teachers diseuss with
students their progress on the task and are available for €ensultation.
Students are expected to discuss with their teacher their ghoice of'topic and
how it focuses on the theme of the course; their preject planjat least the
first draft of their report. This is to ensure_that students are seriously
engaged in the project and to provide evideneeso that the teacher can
attest that the work is each student’s own,

Students are not permitted to work in‘groups,except where the project
requires more work (e.g., more data collegtion) than'can reasonably be
done by an individual student, or where somespecific interaction between
students is required.

Initial grades for CAT 1 are determined within each school according to
detailed criteria which are provided for the assessment of students’ written
reports. These grades are then subjecteditosa verification procedure.

CAT 2/Challenging Problem

This task requires each studémtpto undertake a problem-solving and/or
modeling activity and prepare a repert on the task. This assessment task is
completed as part of the Preblem Selving and Modeling work requirement
for Unit 4.

This assessment/task takes place early in the second semester. Students
undertake afproblem#solving and/or modeling task (referred to here as a
"problem") seléeted in“econsultation with the teacher from a list of four
externally set;problems; and are required to complete a written report of
their solution according to the format specified. Students are given two
weeks for this,task, and are expected to spend a total time of between six
to eightgheurs‘on the task, including four to six hours of class time. For
assessment, Students must complete a separate report based on their own
work.‘They may discuss the challenging problem with others, but any ideas
obtained as a result of such discussions must be acknowledged.

CAT?2 is intended to enable students to demonstrate their ability to read
and understand a problem; formulate and interpret problems mathematical-
ly;us€ problem-solving and/or modeling strategies; try simple cases; find
patterns and formulate hypotheses; simplify complex situations; define
important variables; find proofs and explanations; and interpret solutions.
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THEME: Use simulation to solve a problem involving chance
Your project must use simulation to solve a problem involving chance. Your project
should use mathematics that is appropriate to the focus of Reasoning and Data or
Extensions (Reasoning and Data). You must follow the instructions given below and

report on each of the specified steps in the main text of your report.

General Advice

Simulation is a useful method for investigating problems. When the v involves
chance, the simulation will involve a random experiment. T e sim
as follows.
i.  specify the problem carefully
ii. identify the important mathematical relationshi
iii. find, use and test a model which represents the tant features of the
situation

You need to check that your simulation is ers that agree with

a real life situation. By working with a model, Y able to investigate
aspects of the real situation. It is important to ¢ iability of the answers
obtained from your simulation.

Acknowledge which area of mat i ; probability, statistics, logic
and/or algebra. You may choose to uter program to assist you, or you

may use a recognized computer p, er to include your own analysis

of the problem.

Starting Points

d to the theme: Use simulation to solve a problem
our choice of topic and how it relates to the

You may investigate any topic rel
involving chance. You mu;

theme with your teacher an follow the instructions above. The examples
listed below are poss! arting points, although it is not compulsory to use these
ones.

o

o

o and inventory control (for example, the shoe shop)

o of getting two identical birthday cards at a child’s party

ood that two people in a class have the same birthday

ners of horse races, or outcomes of bets for punters or bookmakers
variation in time to travel from A to B by public transport

ow much time you should allow to drive from A to B to arrive by 9.00 am
how much better for clients, in a bank or Medicare office, is a single queue
compared with a multiple queuing system

the likelihood of winning simple games using various strategies

O  winning prizes in a gambling game

O the chance of winning a tennis game after being two sets down.

Figure 1 CAT 1 sample task
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The following two challenging problems (Figures 2 and 3) are taken
from CAT 2 for Space and Number in 1991. Four problems were present-
ed, and students were to choose one.

Easter Sunday

In theory, Easter Sunday occurs on the first Sunday after the Paschal on,
which is the first full moon in Jerusalem after 21 March. In practice, the sch

date of Easter Sunday in each year is determined by a formula spcci@u

literature.
A simpler formula was derived by the mathematician (. Gau 55),

which gives the same date as the scheduled date for every year thi tu pt for
1954 and 1981.
The formula derived by Gauss involves the use of th ol a ' mod b which

means the remainder when a is divided by b. ,
i e% h a remainder

For example, 18 mod 7 is equal to 4 since 18 divi i
fol
D

of 4.
' % e year 1931 has x=31,
here

Gauss’ calculation of the date of Easter Sunda
d days after the full moon

©  For the year which is x years after 1900,
the first full moon occurs ¢ da
¢=[19 (x mod 19) +24] mo

o The following Sunday, Ea
where
d=(2a+4b+6¢c+3) mod 7

with a=x mod 4, b=x mod 7, and ¢ ed as before.

You will need to make use of the following information in order to answer the

questions below.

O In 1990 the fi oon occurred 24.07 days after 22 March. This was a
Sunday.

O The time be| moons is 29.53059 days.

Use thesGauss la to calculate the date of Easter Sunday for each year in the

period 1
Explain t ing underlying the formula for ¢ relating it to the full moon
cycle.
Now @ mber of days, for 0 to 29 inclusive, after 22 March. Show that
e
n

the first r this date occurs in a further d days, as given by the Gauss
for se for which this date is already a Sunday, show that the Gauss
0

1

f d=0.
F ‘AT 2 sample task

ers are permitted to give general advice on the initial selection of
problem by students and on general problem solving strategies, but are
ain from giving hints towards the solution of a particular problem.
As for CAT 1, they monitor students’ work by sighting plans and drafts
during the period allowed, and keep a record of what has been seen.
Students are required to retain all rough notes, and to demonstrate through
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Area and perimeter
The following question was posed to a group of mathematics students.

"Are there any shapes for which the numerical value of the length of the
perimeter is the same as the numerical value of the area?"

One student quickly saw that a square is a shape with this property a
square which has a side length of 4 units has a perimeter of 16 units and an

square with this property.
After looking at families of shapes like triangles, circl
polygons the students made the following conjecture.

ectan, : pther

apes ’which the

rimeter are the

"For every family of shapes there is at least one of th
numerical value of the area and the numerical @alue
same."

hich similar to a given
but” there is an infinite

By "family of shapes" the students meant all ‘shap
shape. For example there is only one family o
number of families of rectangles.

You are required to find the followi

cture holds, give a method for
finding an actual shape for which ical value of the area is the same

discussions and thro
problem and their re .
Initial grades for CA' mined and verified as for CAT 1.

CAT 3 Facts and Skills Tasks

This tasks
of a course!
concepts,
ability

ultiple-choice questions covering all content areas
ded to assess students’ knowledge of mathematical
Is in carrying out mathematical algorithms and their
cepts and skills in standard ways.

mon Assessment Task is externally graded. Grades are based
to which students are able to demonstrate knowledge of
concepts and facts in the compulsory strand and in the
clusters they have chosen.

CAT 4 Analysis Task

This task requires students to attempt between four and six short-answer
questions involving multi-stage solutions of increasing complexity. It is



MAX STEPHENS & ROBERT MONEY

intended to assess students’ abilities in interpretation and analysis of the
mathematics defined by the compulsory strand of content for each course.
CAT 4, the Analysis Task, is conducted under formal examinations

conditions.
The following question is taken from CAT 4 for Extensions (Cha; d

Approximation).

a vat. The ingredients combine slowly to form the plastic in such
quantity of plastic produced, x kg, in the vat ¢ minutes the
mixed is given by

x(f) =5log,(10¢+1),  £=0.

cost ating'the vat fort

oldyfor
is pr the vat after ten

% lar, if the process runs

The cost of the ingredients for each batch is $2,000. T
minutes is $20¢ . Each kilogram of the plastic can b

a. What quantity of plastic, to the nearest0.0
minutes?

b. What is the total cost of production, to th
for ten minutes?

c.  If the plastic produced in the
is sold, what profit, to the

<

i.  Find the time for which the process should run to maximize the profit.
ii. What is the value of its maximum profit to the nearest dollar?

Use approximation methods to find the shortest operating time, to the
nearest minute, if a profit is to be made.
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g. The cost of ingredients may vary from the $2,000 given above. What is the
greatest cost of ingredients, to the nearest dollar, that still enables a profit to
be made?

Figure 4 CAT 4 sample task

These questions require far more extended mathematical ana n
the one- or two-step questions contained in CAT 3, the Ea¢
task. CAT 4 is designed to assess the extent to which stud able to
demonstrate understanding of the required math ica epts and
skills from the areas studied, and their use of problem strategies to
interpret, analyse and solve routine and non-routinefaspe problems.

Assessment Criteria and Gracg

For CAT 1 and CAT 2, teachers are requin

criteria with students as they engage in %
Investigative Project, the criteria a nd

as follows:

ss the assessment
ment tasks. For the
three major headings

Conducting the investigations

o identifying important informat
collecting appropriate i
analyzing information
interpreting and criticall
working logically
breadth or de f investigation

OO0 O0OO0O

Mathematical cont,

o mathemati rmulation or interpretation of problem, situation or
issu

O releva athematics used

o levelddfyma atics used

o uselof mathematical language, symbols and conventions

O und , interpretation and evaluation, of mathematics used

o te use of mathematics

m on
larity of aims of project

lating topic to theme

efining mathematical symbols used
account of investigation and conclusions
o evaluation of conclusion

O organization of material
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The assessment criteria are in turn linked to grade descriptors. For CAT
1, these are:

A. Clearly defined the investigation and evaluated the conclusions.
Demonstrated high-level skills of organization, analysis and@valua-
tion in the conduct of the investigation. Used high level mathematies
appropriate to the task with accuracy. Communicated results
succinctly in the specified project report format.

B. Clearly defined the investigation. Demonstrated skillshef organiza-
tion, analysis and evaluation in the conduct offthe inveStigation.
Used mathematics appropriate to the task withaccuragy., Communi-
cated results clearly in the specified project repert format.

C. Defined the investigation. Demonstrated seme facility in the
collection and analysis of appropriateinformation. Used mathemat-
ics appropriate to the task. Commtunicated ‘the results in the
specified project report format. '

D. Defined the investigation. Identified, and collected appropriate
information. Used mathematicsrelevant’to the task. Communicated
the results in the specified format:

E. Stated a project topig relevant ‘to the theme. Identified basic
information. Used mathematics relevant to the task. Communicated
the report in the spécified\format.

Each of the assessment criteria, is to be rated on a four-point scale:
High, Medium, Low,and Not'Shown. The criteria are directly related to
the grade descriptors.,; These give a ten-point scale ranging from A to E,
with two ley€ls withini.each, that is A+ as well as A. Two further "grades"
are available WUngraded (UG) and Not Assessed (NA).

Samples of reports,completed by students have been used as a major
focus of theé VICE teacher development program to help teachers become
more confident in/judging how to apply these criteria. At the heart of the
verification process are teachers’ explanations of how they have applied the
criteria to'their students’ reports for CATs 1 and 2.

For\C€AT) 2, the Challenging Problem, assessment criteria are also
groupedunder three major headings. These are:

Defining the problem
og” clear definition of what is required
o' definition of important variables, assumptions and constraints
o identification of nature of solution sought
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Solution and justification
o production of a solution which addresses the problem
degree of mathematical formulation of problem
appropriate use of mathematical language, symbols and conventions
accuracy of mathematics
interpretation of mathematical results
depth of analysis of problem
quality of justification of solution

0O O0OO0OO0OO0OO

The solution process

usefulness of questions asked

relevance of mathematics used

generation and analysis of appropriate information
recognition of the relevance of findings
refinement of definition of problem

o

O 0O 0O

The assessment criteria can be used asfsignposts/ for teaching. If, for
example, students are to appreciate the importance of defining a problem
in terms of "important variablesf assumptions and constraints”, these
elements of problem-solving should ‘be discussed by the teacher and
supported by a careful choice of practice examples or samples of students’
work. Teachers plan activities which sharpen/students’ understanding of the
assessment criteria.

Impact of WorksRequirement and Associated CATs

The introduction of werk requirements and associated Common Assess-
ment Tasks has had a significant impact on the teaching of mathematics in
Years 11 and 12, andyalso ‘in preceding years of secondary school.

The public nature of the assessment criteria for all four CATs directly
links the work of teachefs and the work of students to the assessment
process. Teachersimust ensure that the criteria for satisfactory completion
of work reguirements’ are met, and that students understand and are
capable offmeeting the expanded criteria for assessment.

The organization of mathematics classes has changed to take account of
the requirement for consultation and joint planning between teachers and
students, in for example, the initial discussion of the project or problem in
€AT ' ‘or_2} monitoring its development, and examining first drafts of
TEPOELS.

In"their turn, students need to develop skills in the writing up of reports
on problem solving and modelling tasks, as well as writing extended reports
ofvimvestigative projects. Students also require access to a wider range of
teaching resources, including access to data sources and information from
other disciplines.
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Impact of the Verification Process

Teachers’ decisions about the award of grades have to be defensible to
their students, and credible across schools. The verification process requires
teachers within a school to confer with one another about the application
of the assessment criteria, and subsequently to share their assessment with
teachers from other schools. This is to ensure that the assessment €riteria
are consistently applied by each school, and also to ensure the,credibility
of assessments themselves and their comparability across s€¢hools.

These interactions among teachers which are the heart of theyverification
process enable teachers to see a direct link between theif own praétice and
learning outcomes for students. In addition, therey is ‘substantial and
independent re-grading of students’ work sampled from each school by
chairpersons of verification panels whose Special rolenis to maintain
standards and to see that they are appliedqconsistently. This re-grading is
of particular value to teachers in adjusting their initial @ssessment.

Impact at Year 11 andyBelow

Schools are responsible for all agpects,of assessment of levels of perfor-
mance in courses taken at units"l.and2. The Course Development Support
Material (CDSM) provides advice on‘théydesign of assessment tasks which
might be used to provide assessments of students’ levels of performance,
and how these might be reported by ‘means of grades or descriptive
comments. In practice, schools, have tended to use a range of similar
assessment tasks and critefidiaspused for units 3 and 4.

The requirement of,ah expanded range of assessment tasks in the two
senior years had an immediate impact on the teaching of mathematics in
the junior secondary,years. Extended problem-solving tasks have been
introduced widely, with,some teachers also introducing small-scale
investigatiofi$s Manyiteachers tend not to make a hard-and-fast distinction
between the twopreferring to concentrate on extending students’ ability to
work through non=réutine problems and to justify their solutions.

A stronger emphasis is placed on having students become familiar with
a range of preblem-solving techniques, such as creating a table, looking for
exceptiens, using diagrams; and to develop their communication skills by
writiig sher, reports of their investigations. In assessing these reports,
teachers,, not surprisingly, have tended to modify and simplify the assess-
ment _cheek-lists which are used in the senior years. The introduction of
investigative work has also given a renewed importance to areas of
mathematics, such as probability, statistics and elementary mathematical
medeling, in the junior secondary years.

These changes in the junior secondary years are not simply the result of
changes at the top. Greater emphasis on problem-solving, for example, has
been consistently advocated by all States and Territories in their advice to
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schools, and has been strongly endorsed by the national statement on
Mathematics for Australian Schools (1990). However, for many teachers in
the State of Victoria, the VCE has required a change of practice which
these other policy pronouncements have merely encouraged.

Impact on Tertiary Education

The VCEs intended to provide scope for curriculum diversity, while
retaining the power of externally designed assessments set ifi such @ way as
to be accessible to the whole range of students. Terfiary institutions have
generally welcomed the broadened range of assessmefitpactivities in the
VCE. However, their concerns have been most evident in diseussion about
the reporting scale proposed for the CATs. During theyCATs ftrails, VCAB
used a five-point scale with grades: A, B, C, D, E.

At issue has been whether this scale ispfine”enough for selection into
tertiary courses, especially those where large mumbers 'of students apply,
and where selections need to be based on r€asonable, distinctions between
students. While there may have been administrative advantages in a 100-
point scale, which was used previotisly*to score'students’ performance on
a written examination, there needs to\be a balance between

"a scale which is too coarse to express real differences and one which is so fine that it invites
use of differences for which there is no real basis" (McGaw et al. 1990, p. 30).

Although a S-point scale may have been adequate, aggregates based on an
expanded 10-point scale arépnot likely to produce too many tied scores at
critical points for determining tertiary entry.

Beyond Curriculum Design

The VCE Mathematics study design embodies a three-way linkage between
the objectives of,the‘course, work requirements and the range of perfor-
mance assessed. Work requirements ensure that the course objectives are
translated 4nto time|Spent in teaching and learning. In turn, assessment
tasks are closely matched to work requirements.

Widespread changes in assessment practice, however, are not the result
of sofindieurriculum design alone. They require the active backing of
government, school system, teachers and teacher unions, universities,
textbook publishers, parents and the wider community, in a climate
conducive to change. These ingredients do not come together easily.
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NOTES

While this paper refers to development in one Australian State, related innovations in the
assessment of mathematics in the senior secondary years are taking place in several other
Australian States and Territories. The following references are illustrative of some of the
changes.

In 1992, South Australia and Tasmania each introduced a senior secondary certificate
similar to the VCE across all subjects. Each will assesses a broad range of performance in
mathematics. See South Australian Certificate of Education, 1991 and Schoel Board of
Tasmania, 1990.

In Western Australia, one component of assessment in mathematics comprises externally
structured tasks conducted by each school. These include conventional testhitéms and
investigations. See Secondary Education Authority of Western Australia,1990.

In Queensland, assessment of senior secondary mathematics iSitotally school*based within
guidelines provided by the Board of Senior secondary,School Studies. Assessment in
mathematics includes problem solving and modeling. Sec; for example, Curriculum Services
Branch, 1990.
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ASSESSMENT IN
AN INNOVATIVE CURRICULUM PROJECT
FOR MATHEMATICS IN GRADES 7-9 IN PORTUGAL

1. INTRODUCTION

The innovative MAT 789 Project is developing ‘@’ new “(non-official)
mathematics curriculum for grades 7-9 (pupils aged 12=15)yFrom 1988 to
1992, four experimental classes in the area of \Risbon, ‘Portugal, are
involved. The Project Team has five members, three teachers and two
researchers, and includes the authors of the presént paper. The Project is
independent, but is authorized by the Ministry,of Education and supported
by the University of Lisbon and other institutions.

Mathematics is viewed as a science that'is evolvifig, a human achieve-
ment that is found in all areas of hdiman activity,/and can be learned by
everybody. According to the perspective of the Project, mathematics
education should develop in studerits a positive,attitude of self-confidence,
as well as an understanding of the“role,and jmportance of this science in
his or her life, and in society. The learnifng process should be oriented
essentially toward construction (not "absorption"), in such a way that
transmission and repetition mechanisms play only a secondary role. This
construction should appearziaturally in appropriate contexts, the concepts
being built by students as‘the‘proposed activities develop. In this sense, a
given problem situationis,not presented merely to motivate or to introduce
a new concept, or to apply ong; it Provides a context for students’ work.

2. THE PROBLEM OF ASSESSMENT
The new godl§) methods, and learning activities prepared for the experi-
mental cutriculum) pose the problem of how to assess and understand
students’ achiévement.
Assessment and Change
The problem of assessment is not a new one but, lately, we are beginning

to obsefve a turning point in the way we face it both in the procedures we

M. Niss (ed.), Cases of Assessment in Mathematics Education, 173—182.
© 1993 Kluwer Academic Publishers. Printed in the Netherlands.
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use and our understanding of them. The growing importance given to
assessment and the dissatisfaction with current practices are obvious in
many recent documents in the area of mathematics education. For example,
in the Mathematics Counts report (Cockcroft, 1982) we read that

"assessment needs to be accompanied by appropriate recording of progress; 4. whateves,
form of recording is used, some effort should be made to record qualities which ¢an only
be assessed by the professional judgement of the teacher, such as pupil’s_persistence’in
working at a problem, his ability to use his knowledge and his ability to disCuss mathematics
orally. Testing, whether written, oral, or practical, should never be an end(in itself'but should
be a means of providing information which can form the basis of future‘action" (p. 122).

In the NCTM Standards (1989), a whole chapter is_ dedicated to
assessment. There is a concern about assessment forthe,teaching process.

"Assessment has been based on the assumption thafystudents are, collectors of knowledge
and that the assessment process should examine, primarilyin a staticway, the collections of
knowledge and understanding they possess"; and yet Jlearningyis not a matter of collecting
but of constructing" (NCTM, 1989, p. 141).

“The assessment of students’ mathemaftical \power goes beyond measuring how much
information they possess to include thefextent of'their ability and willingness to use, apply,
and communicate that information" (NCTM, 1989, p. 205).

A similar concern is expressed by de Lange (1987), who says that a
detailed description of objectives and methodologies is necessary in order
to develop tasks and adequdte tésts. In this sense, Hein (1980, p. 64) states
that

"the assessment process must take into aceount the educational environment, that is, it’s
necessary to adapt the assessment to/the program rather than the opposite”.

Methodsf@nd instriments of assessment should, thus, be consistent with
the teaching methods used.

What then, is“the,meaning given to assessment? As we read in the
NCTM Standards (1987, p. 138-139), assessment should be "a continuous,
dynamic, and often informal process". It must measure the efficiency of
teachingpdiagnose the difficulties of the students, provide the teacher with
valuable information, give clues to the student about the quality of his or
her work, give him or her fundamental feedback on the work, in all, play
an_important role in an effective teaching process. In addition, the aim
which has basically been to test and grade, should be extended, "its basic
purpose ... to determine what and how students think about mathematics".

Seyan instrument that only focuses on the right answer is not adequate;
it is important to understand the student’s comprehension of the mathemat-
ical ideas and processes, "an assessment which favors processes rather than
products "(de Lange, 1987, p.163).
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The need to change is strongly emphasized by Romberg (1991):

"Current tests reflect the ideas and technology of a different era and world view. They
cannot assess how students think or reflect on tasks, nor can they measure interrelationships
of ideas ... Only when new instruments are developed will we no longer be boundsby old
assessment procedures rooted in the traditions of the Industrial Age" (p. 23).

Principles of Assessment Adopted by the Project

The assessment procedures that have been adopted by:the, MAT789,Project
follow some of these principles. They consider the _previousiconcerns and
ideas and the relevant experiences developed in the last yearsby’'the Dutch
Hewet Project (de Lange, 1987).

The first principle refers to the understandifig,of assessment as an
intrinsic part of the learning process. Assessment should not happen in
special moments or at the end of each term, butyalong with the learning
process, creating situations which help the learning ptrocess.

Secondly, assessment methods andfinstruments should be consistent with
the principles used in instruction. Therefore, considering that the defined
goals not only contemplate the cognitivelaspects, but also include affective
or social attitudes, assessment must also consider these areas. Other aspects
still deserve consideration: The existence of a variety of situations in the
learning process implies the use of different forms of assessment and
therefore written and oral tasks\for both individual and small group work;
on the other hand, the focus©n processes rather than on factual knowledge
must be retained in the agsessing process.

The third principle telates to a preference for positive assessment, that
is, assessment that values.what)thefStudent knows rather than what he or
she does not know. Phelereated situations must give students an opportuni-
ty to develop, their| potential without requiring the same level of perfor-
mance of them.

Another assumption is that the form of selected assessment must not
depend on jifShpossibilities for quantitative scoring. For our purposes, a
qualitative score isjas valid as a quantitative one, and the choice is based
on the one thatpb€st matches the instrument used. Qualitative should not
be thoughtlof as arbitrary, since qualitative does not mean the absence of
criteria

Finallyjassessment must always take place in a clear and comfortable
envifonment, where criticism and suggestions for the future are natural.
The creation of anguish and stress should be avoided at all cost.
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3. FORMS OF ASSESSMENT USED
Two-Stage Tests

Two-stage tests, inspired by the ideas of van der Blij and usedfbyythe
Hewet Project (de Lange, 1987), include easy questions among others."We
have been working on this kind of test with our 12-15 year old pupils. In
a first stage, the test is given in the classroom with a time limiti§iEach pupil
has two hours to work on the test and is allowed to conSult his or her
notebook or booklets. After this phase, the teacher{takes thetests home
and makes a first evaluation, signalling the more seriou$ €rsors and asking
questions or providing comments that might act as'‘@¢lue oraehallenge to
the pupil’s work. The tests are then given backgo the'pupils, thus, initiating
the second stage. Now the pupil reworks the test at“home, for a pre-
arranged period of time. When this is overjithe ‘test isshanded back to the
teacher, who makes a new judgement. In both stages, the criteria applied
to each of the questions were considered id additionsto a global consider-
ation of the test. The two-stage process ends with final information, based
on the two scores and the student’s evolution, expressed in qualitative
terms. Generally, teachers of experimental elasses have been using four
levels (three positive and one négative).for the final purpose, as they do for
most assessment tasks.

Example 1
One of the questions included in a two-stage test for 7th graders (12/13
years old) was written as follows:

You may know three “differenty methods to determine the greatest common
denominator of two numbers. In'€arlier grades you have learned how to do it from
corresponding sets (of divisors. This year you did it in the classroom using a process
based on the,prime factors of the numbers. In your booklet about natural numbers
another methody the Euclid’s algorithm, is described.

Try to answenthe following question: In which situations does is seem to you more
convenienit to use one or other of these methods? Do the experiments you find
necessary\toyforma personal opinion and present them together with your answer.

This opensended question is intended primarily to stimulate our pupils
to refleet onjthe methods they had used or they could now study about the
topic. A“best answer did not exist and we could hardly imagine what our
pupils would write as an answer for this unexpected (probably) question.
It required that students: understand the problem; follow a written
deseription of a method not previously practised in the classroom (Euclid’s
algorithm); choose relevant examples; and write personal ideas about the
issue.
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As would be expected, some interesting answers were given at the first
stage because most pupils took it as a question to be developed for the
second stage. The diversity was enormous, going from simple randomly
chosen examples for each method without further comments to some very
elaborate answers (for this age level), for example:

>

"The algorithm of Euclid will be adequate when numbers are like "a’ and ’so:
times ’a’ because one single division is enough; this is not case of prim be:
others ...".

This example illustrates some of our major concg h ing a
written test: (a) to provide new opportunities to lear ider the
goals of the curriculum; (c) to accept different an based on varying
perspectives; (d) to encourage each pupil to §io he can do,

Example 2
A two-stage test on functions given to
included the following question:

s’ (13/14 years old)

\

(D]

Watch the following graphs carefully;

!
Figure 1. @
Which of theN represent the function of Q to Q defined by the expres-
sion

< ’ fx)=3/2x+1?

Wh

s can be gathered into two groups. The first include those
i ve numerical values and checked the correspondence between
s and the pairs of obtained values. Here is a pupil’s answer as an

C is the one which may represent the function Q in Q defined by the expression
f(x)=3/2x+1. In order to explain why I chose graph C I'll make the following scheme to
demonstrate my way of thinking
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x |0 1 2
f(x)ll 25 4

and these results fit the Graph C."

Other pupils gave more elaborate justifications without using' numerical
values, based on their previous study of functions. Nevertheless, eveninithis
case, one can find different levels:

"The Graph B is out, because it is a parabola and to obtain one, we,necd ands€xpression
raised to the square, D is out, too, because we need to multiply the’expression by a negative
number. Graph A is also out because it is of a constant functioft. So, it*hasto be C."

"The graph that may represent the algebraic expression f(x)23/2x+1is C. Because: Graph
A corresponds to a function where images are all alike,and’objectsiare not important; Graph

B is out because it is a parabola and therefore it must‘correspondto a function where x has
a pair exponent minus another number, in this cased.25'0r so; Graph D can’t be because
this straight line corresponds to a function more or lesslike f(x)=-x+.5 or 1. So, Graph C
is the only one left and because the straight'line-crosses theypoint (0,1), that is, it was added

1 [f(x)=3/2x+'1’] and the other computationsyalso bélong to this graph but one can’t see
with exactness because the graph is né‘made, on millimetrical paper."

The three answers shown above were given by students in the first stage
of the test. The examples illustrate a situation where pupils could choose
one of various possible approaches. It is obvious to us that these answers
are all correct, yet each shiows,different levels of learning.

Example 3

One of the parts of a twosstage test for 9th graders (14/15 years old) was
to be answered by the pupils using a computer. The task required the
constructiompof a\ given figure which included a square and circles of
different sizesfpusing a computer program ("Logo.Geometria"). This
program, built ‘on the LOGO language, is a tool to explore problems of
Euclidean/geometry; the pupils had been working on it once a week for
about two months,

Each _pupil had 40 minutes (one third of the total time for the test) to
develop this,problem and had to move to another classroom to do so. This
move eould have been disturbing since it was a situation new not only for
the pupilssbut also for the teachers. Reactions, however, were positive;
most pupils produced meaningful answers and accepted easily the fact that
the product for this part of the test was to create and save a file on a
floppy’ disk.

Once again, some of the principles stated earlier are present, namely the
congruence between learning activities and assessment tasks. Moreover,
new opportunities to learn were given to the pupils. This was obvious in the



ASSESSMENT IN AN INNOVATIVE CURRICULUM IN PORTUGAL

case of two girls who were obliged, for the first time, to deal with a
problem situation involving the computer. On previous occasions, they
tended to play a passive role, leaving to their colleagues the responsibility
of the work. This situation did not have negative effects for the two
mentioned pupils since a second stage of the test followed, allowifig,the
pupils to come back to the computer and take enough time to rework‘and
reflect on the problem.

Essay-Type Questions and Short Reports

Very often, pupils should work on and present written €omments on given
situations. Three examples of this kind of task followt

0 A personal comment on a newspaper article about the system of car
license plates (considering the sizefof odrpopulation, other coun-
tries’ systems and their development; asywell ‘as other aspects you
may find relevant, is our system a go6d one'for the future and what
are some practical suggestions?) — Grade 7.

O A group report about the tourism condifions of a given region,
considering data about gtemperature, and precipitation for an
extended period of time/("imagine youwwork for a travel agency and
you have to write recommendations,for vacations during the various
months ...") — Grades 7 and 8.

O An individual report opla computer program explored by the pupils
in the classroom, where they describe the general functioning of the
program as well as their§trategies to solve the proposed problem (to
estimate the tim€ spent by\a car to go a given distance using
different rates of speed,) —sGrades 8 and 9.

These kinds of (tasks can be done individually or in groups, in a short
time (for example, a partof a lesson) or during a longer period of time (for
example, oneveek), and related directly to or independent of previous
work in the elassrooms

Assessment of these tasks considers both a global evaluation of the work
and a set of esiteria focusing on aspects such as the structure of the work,
the extentyto which the subject has been explored deeply and developed,
the correctness of the content, the quality of the communication, and the
eriginality ofithe work (if it exists). A qualitative score is given to each task
andgthe teacher comments on it to the individual pupil or to the group,
pointing out the strongest aspects of the work and also those that will
require more attention in the future.

Although they have different characteristics, these tasks fit the principles
of assessment stated earlier — namely, they provide new learning situations
and, by their own nature, they encourage each pupil to use and develop his
or her own skills and preferences. Another relevant point is the amount of
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responsibility and autonomy the tasks require, a generally accepted
requirement for adult activities (for example, in teacher training activities)
but one seldom practised with children: In order to write a report it is
necessary to organize the ideas, to start form a draft, to ask for help or
suggestions, to improve the work ... One of our pupils expressed itfifipthis
way: "We have an idea and we think it is only yo write ... but we begin‘and
then we see that there are other things to say ...".

Project Work

The previous remarks about essay-type questions and shértiseports hold for
project-oriented activities. Additional data relatedjto/pupils’ eommitment
and progress are obtained because projects constitute,larger and longer
activities, and pupils’ work must be organizedboth inside'and outside the
classroom to complete them. Althoughddifferentiin content, projects
(developed two/three times throughout the year,during three/four weeks)
include various stages, some of them c@rresponding to work in the
classroom: definition of the problem and discussion on global strategies;
small group work in some moments and; discussion on preliminary results.
This allows teachers to see whatds,happeningat different moments and to
have information that goes beyond the‘contact with intermediate and final
forms of a written report.

The final products generally include written (either individual or group)
reports. In some cases, howéver, pupils build materials or models or
organize an exhibition in the School. For example, the last project for
Grade 7 in 1989/90 consisted ofithe elaboration of a detailed plan for "the
ideal classroom". Oneéyweek before\the conclusion of the work — which
included a written report and a scale model — a lesson was dedicated to
oral presentations ongthe work'in its pre-final form. This corresponds to an
aspect of pupils’ work seldom explored. Each group had ten minutes to
make a "shQrt presemtation" and five minutes to listen and/or to answer
questions or respond to suggestions from other pupils and the teacher. This
constituted am,opportuhity: to organize and make a representation where
talking abgut mathematical processes was necessary; to take advantage of
others’ suggestions to improve their work.

Threughout each project, information about each pupil and/or group —
of am, essentially absolute (rather than relative) and qualitative (not
quantitative!) nature — was collected by the teacher and communicated to
thepupils. In this sense, assessment of project work was not identified with
assessment of a specific outcome. However, this did not exclude the
assessment of particular products involved in a project. In the case of the
previous example, the teacher assessed the report and the scale model
presented by each group in a manner similar to that described above for
short reports and essay-type questions.
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Another example is the project developed in the same year by the 8th
Grade classes. The study focused on the way the school’s cafetaria
functioned and was based on the opinions of the students of the school.
The pupils developed a questionnaire, selected the sample, collected the
answers, and worked on the data with the support of a computer. Finally,
they discussed the main results and organized posters for an exhibition:
There was no assessment of specific products, yet the work made/it possible
for the teacher to collect information, beyond other aspects, abeut pupils’
attitudes, especially their sense of responsibility and personal commitment.

4. PROMISING AND CRITICAL ASRECTS

There is no doubt that the new system of assessment pleased our pupils,
although in the beginning they were surprised and lacked confidence (for
example, in the first two-stage test, many pupilSiviewed it as a kind of trick
to oblige them to correct the mistakes). However, individual interviews at
the end of the year showed a consensus about assessment procedures. Some
pupils expressed enthusiasm about the tests: "FhiSkind of test is like having
a lesson again!", or "I adored ourdest of,geometry, it wasn’t the easiest but
it was the one I preferred". PoSitivelreactions and personal commitment
were even more evident during otherhactivities, especially in project
outcomes.

Maybe more importantly,4pupils showed an increasing capacity to
evaluate their own work, making balanced observations about their
personal involvement in differénttasks. This seems to be a promising result
since we expected some,¢onfusion frem the loss of quantitative information
from the traditional writtén tests.

One relevant result,of our work was the positive change in the classroom
atmosphere. Anxiefy isvery commonly associated with school mathematics,
and assessniént metheds¢play a decisive role in creating anxiety. The
positive naturedofyour assessment may lead to less anxiety.

Taking into, accountrour lack of experience with these kinds of assess-
ment methods, this project was also a positive experience for the teachers.
It required @ylot ©f reflection on the goals of the curriculum and the
intentionspand“nature of each activity. In the beginning, the loss of
objectivity'was compensated for by the collective work of the members of
the Project Team; both the researchers and the teachers expressed their
opinions“about each pupil, independently. This procedure allowed us to
make ‘corrections but also to become more and more confident in our
ability to use the methods.

Qur work is far from conclusive. Considering our rigid and centralized
school system, it represents a necessary and promising innovation. At the
present stage, it seems to be very important to identify the major difficulties
and weaknesses of the work. We need to improve (in the sense of making
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them more operational), the instruments related to the assessment of oral
tasks. Although oral instruments were not absent from our work, written
instruments were dominant. We need to organize a more systematic way of
observing pupils’ work, both during individual and small group activities.
These two aspects deal with the different goals of the curriculum, ey
have to do, in particular, with the assessment of attitudes which
be especially difficult.
A final remark relates to teachers. In our experience, whilegea
has a single teacher, there is a team working on the major faspe
curriculum. We do not know what would happen i.he . il
when teachers work alone with their classes.

The MAT789 Project Team includes the authors of th sent p nd Eduardo Veloso,
Margarida Oliveira, and Paula Teixeira. The Project4s y the Department of
Education of the Faculty of Sciences, University and it is funded by the
Gulbenkian Foundation.

G. & Patton, M., Evaluation ie Ouverte, N.H.P., Ottawa.

de Lange, J.: 1987, Mathemati eaning, OW & OC, Utrecht.

National Council of Teache 1989, Curriculum and Evaluation Standards
for School Mathematics,

Romberg, T.A.: 1988, }
Evaluation and Assesm
Series No.

*“A Coat of Many Colors’, in Robitaille, D. (Ed.),
athematics Education, Science and Technology Education

Leonor Cu eal & Paul Abrantes
Department tion,
Faculyy 1 A
Unive isbon,
U




WEI CHAO-QUN & ZHANG HUI

EDUCATIONAL ASSESSMENT
IN MATHEMATICS TEACHING:

APPLIED RESEARCH IN CHINA

1. INTRODUCTION AND BACKGROUND

Fuxin, one of the cities in the west of the Liaoning Proyince, China, has a
population of 700,000. It is a backward area in_terms ofyeconomy and
culture. For several reasons, education in Fuxin déveloped more slowly
than in other cities, and the quality of the students andyteachers was also
less developed. According to a 1985 calculation, 6nly 6.29°percent of all its
junior school teachers had graduated from 4-year colleges, 33.72 percent
from teachers normal schools, 46.25 percent from,the former high schools,
and 13.73 percent from the middle schoolsenly. It i§/quite clear that most
of the teachers do not have adequatéxamountsief formal schooling. On the
basis of the standard of an Intelligence Quotient(IQ), the students here are
below average. In 1986 in our reseasch group;we examined the mathemat-
ics marks of the students in Grade.One, and to our great surprise, only 3
percent got 90-100 (marks), 14 percent got 70-89, 34 percent got 60-69,
and others who got below 60 marks made/up 49 percent. (It was a hundred-
mark system.) Most of the/students’ marks were below the country’s
average. For these reasonsfour\research group decided to start with the
function of educational dssessment in relation to middle school students
(aged 13-15), to apply theory to pragtice, to improve the teaching process,
and to do research on applied)edacational assessment.

2. THE'CONCEPTION OF THE THEORY
The Purpose of the Project

What is appliedfassessment? It relates the level of content taught to
standdrds,'shows the important points of teaching, and judges the value of
the results of the teaching process according to general aims which meet
the needsyof the society and the demands of the subjects so as to give
teaching balance and proportion. This kind of role in activities determines
its position and function in the teaching process. Educational assessment
should'be applied to teaching, as the pivot point, in every important part

M. Niss (ed.), Cases of Assessment in Mathematics Education, 183-191.
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of teaching. For a long time, such sound uses of assessment were distorted.
Tests took the place of the assessment. Teachers thought only about the
number of students who would go to college, and students thought only
about their marks. Marks became the only object of the assessment. This
led the students to pay little attention to studying and the quality, of
teachers went down. We must correct this attitude before we &arry out
educational assessment, and return the assessment of teaching to“itSytrue
role.

The Position of Assessment in the Whole Tedching Process

As a science, teaching must conform to intrinsicilaws. The t€achers or
pupils must know why they teach and why theystudy (pugposes of teaching
and learning); what to teach and what to learn (¢entents 6f teaching and
learning); how to teach and how to learn/methods and ways of teaching
and learning); and outcomes of teaching and outcomes, of learning (results
of teaching and learning). These form the/total"process of teaching. The
purpose of assessment is to help the, educatienalprocess function fully.
Assessment should be used in edch of the“steps such as the aims or
contents of teaching, the measurement of perceptual and rational processes
sought by the activities and methods of teaching, and the evaluation of the
results of teaching or after-class coaching:

Assessment should, and can, strengthen the teaching function and help
it to reach certain aims. Feedback and regulation need specific methods of
assessment. A contemporary view of assessment is made up of aim,
measurement, and evaldation.’ Applied assessment incorporates the
contemporary view of|assessment into the teaching process. The structure
is depicted in Figure 1.

Such a process oftteaching'makes teaching and assessment act together;
it forms a new systemyor teaching structure with the teaching aims being
central and_ blendingpoerganically with assessment to deal with aims,
activities, regulation, and development.

Basic Variables of Assessment

To strefigthen the reliability of assessment and its applied value, we look
on it @s a supportive function that should affect every part of teaching, and
we thinkyof researching this supportive function as the most important
coadition, if we are to improve or regulate teaching.

The 'most basic requirement of our country is training enough qualified
people/ Everybody knows that our country is a developing country, and a
qualified person is a treasure of treasures. These persons should have high
moral character, be disciplined, love the motherland and the socialist cause,
be devoted to hard work for the prosperity of the country and its people,
seek new knowledge continuously, seek the truth from facts, think
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Figure 1 The structure of appliéd assessment

independently, and create bravely. Such rfequirements lay hard work on us.
On one hand, when we give knowledge to students, we simultaneously
should foster their ability an@ their morality. On the other hand, our
teaching should foster the development of each individual. Aims are not
only to obtain knowledge and teéchniques, but also to integrate developing
knowledge, technical Jability, and a scientific method of thinking. The
quality and the capacity of the teaching aim and the level of students’
cognitive developmeat,are aunity. Teaching programs must take the reality
of students into ac¢ount. There must be a definite and concrete explanation
to describe amaim (includinig knowledge, ability, emotion, and thought) and
how to reach the'standards set by that aim. Aim, then, is one of the basic
variables in assesSment.

Feedback and regulation are other basic variables in the assessment of
teaching. Bylusing assessment to judge to what extent the teaching aims
have beemyreached, teaching and learning are improved. Teaching and
learning can be achieved in this way. A quiz before class is setting the stage
to diagnese Jand remedy the students’ difficulties before they start new
lessens. Timely feedback is obtained by asking questions, discussing, doing
exercises, and having exams, etc. These are important steps for finding out
the diserepancy between student learning and aims, and changing the
diserépancy immediately. These steps can be used to get quick feedback
from students and at the same time the steps can help us to do after-class
coaching. This feedback system goes on throughout the teaching process,
and reaches all the students taking part in the teaching activities.
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Successful regulation has many aspects. A clear teaching aim and the
bilateral activities between the teacher and the students are the most basic
ones. This requires that the teaching aim be apparent to the students, in
fact established between the teachers and the students. The regulation and
control of teaching must be timely: the teaching plan should be dévised to
correspond to the students’ situations, the rhythm of teaching, thie.method
of teaching, and the assignment of homework. We should also“strive,to
promote the development of the cognitive structure of the studénts; tojhelp
students deal with new and old knowledge, reasoning and results; and to
distinguish between matters of primary and secondary importance.

The result of teaching is another basic variable. It is the eenclusive factor
in the system of feedback and regulation. This variable is ofteni examined
and regulated through the assessment of the process, of teaching and
learning. The product-oriented examination must be “reformed. All the
exams for students should be made up agcording to the, aims of teaching.

Besides the cognitive domain, there is the affective’ domain. "Attitude
assessment” can be used for a referencefto emcourage and arouse the
students; to affirm their diligence, stccess,'and achievement; and to guide
them to carry out self-education.

Choosing the Method of Assessment

The multiplicity and complexity of factors in teaching result in vagueness
in the assessment of teaching, Teachers tried their best to surmount this
problem. They analyzed patterns of assessment, and through many kinds of
tests and exams, finally developed synthesized assessment. Yet, the reliability
and the applied valié of quantitative assessment have seldom been
demonstrated. Some research workihas ended only at the elementary stage
of the theory and atithe lowest level of experiment.

In 1987 we began our résearch project by classifying assessment into two
types in conmection withfan experiment in schools. One type applies the
socalled fuzzy'mathematics and educational measurement to the assessment
of teachinggThe other judges the educational targets clearly and directly
through investigation and observation and is called experiential judgement.
The first canobtain more accurate results in fuzzy areas, those suitable for
macroScopic assessment. The second can evaluate the processes and the
results of teaching activities, and is suitable for microcosmic regulation. The
purposeef these two types is to simplify and quantify the decision target,
andito strengthen experiential judgement so as to overcome the errors and
subjective factors in experiential judgement.

In_sexperiential judgement, we should still pay much attention to
overcoming the errors related to "time", "process”, and "occasion". Because
time affects feedback, process affects assessment, and occasion affects the
regulation and control of teaching, it is advantageous to set up an
integrated and effective system of assessment.



EDUCATIONAL ASSESSMENT IN CHINA

3. APPLIED RESEARCH
Assessment Mechanisms in the Teaching Process

One of the purposes of assessment is to encourage students to study hard
and to promote their activity in cognitive areas.

The control of the teaching aim dimension. To control the teachingpaim
dimension means to grasp the structure and quality of the teaching aims.
The mathematics syllabus divides learning into four degrees:“learning,
understanding, grasping, and mastering. As to knowledge, ‘the, following
problems should be in focus: "to know or not to know"£ topunderstand or
not to understand", "can do or can’t do", and "to be&yer not‘toibe skillful".
But how to assess this? We believe that there must be axdefinite, concrete,
and unified standard. Considering our own reality, we divided teaching aims
in the cognitive domain into two kinds and(four levels:

The two kinds are the basic aim and the developing aim. The first is the
basic requirements connected to content as determined in the syllabus and
in the teaching materials, i.e. the levehthat most,students should reach. The
second is a higher requirement jh terms of‘content, an extension of
knowledge. This is planned to me€et the,needs of the students who have
high intelligence.

The four levels are memorizing, understanding, applying, and synthesizing.
The levels provide a clear guide for certain forms of study and help us
solve such problems as, "Whatis it?", "How is it?", "How to use it?", and
"How to do further researchrand\investigation on it?". For a long time, the
problem of ability has beén‘a hot,one. People have tried to clear it up.
"How to organize training and design classes?" are still problems. Several
years of research shows thatiwe should strengthen our teaching process, and
focus on the teachinggaim we'want to reach. In mathematics teaching, we
divide ability-related factors into three parts. One is the operation of
intelligence (and, scientifiefthinking towards the learning requirements of
"knowing", "understanding”, "doing", and "mastering". The second is the
teaching method Ttequiired for the given content, which includes the
distillation (of experiences, the identification of methods, the refinement of
thought, and means$ for creative thinking. The third is the generalization of
mathematical problems, which trains students to solve problems. This factor
embodies the\aim of fostering ability; it also embodies the principles of
development/and activity in teaching. Using these steps we can better solve
thegpreblems in mathematics teaching.

Affective education is still very important in teaching. The main points
are "interest", "attitude”, and "concept". As everybody knows, interest is the
mofive for study. We should arouse students’ inferest, mobilize all their
positive factors, and make them satisfied with what they are learning.
Attitude means a strict style of study, a practical and realistic one. Concept
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refers to political education and includes moral and aesthetic standards, as
well as a scientific view of the world.

To ensure that teaching aims are put into practice, we set up a network
of three levels: an Estimated Table for each term, Assessment Cards, and
Tests-for-Each-Lesson. In the Estimated Table for the term, wefdivide
contents into knowledge and ability, define appropriate demandséfor each
level, devise activities for the training of aptitude, and implement this in
every unit. The Estimated Table not only relates to contentsjibut also to
the problems we meet in each lesson. Assessment Cards(is one of the
assessment methods with which we can evaluate our teaching, aims. Its
purpose is to make clear to teachers and students the/teaching structure
and the main points, and to direct them to accomplish theteaching aims.
Tests-for-Each-Lesson is also a method which helps s to,regulate teaching
work and ensure the teaching aims are reached.

A system for assessment of cognitive detivities. To_ control teaching
activities, we set up a system for assessment which is made up of previous
exam, process assessment in the class, unit assessment, and summative
assessment.

"Previous exam" determines whether students‘are ready to learn the new
lesson. Through this assessmentéwe regulatefour teaching plan and find
some remedial measures for those who fail/to understand the previous
knowledge. In this way we make all studentsgeady to begin the new lesson.

"Process assessment in the class" is separated into two aspects. One is the
internal role played by assessmient; the other is feedback in various forms
that contain questions and answers, discussion and description, and self-
assessment. In order to make fulliuse of the function of process assessment
in regulating our workjydve make it\a basic part of teaching. It contains
three steps: intensifying‘the,aim, self-assessment of the students, and the
process test. Intensification means to strengthen or clarify the teaching aim,
the structure of knewledge, and the level at which every objective in a
lesson should be pursuedsThis step helps the students to assess themselves.
Self-assessmentpromotes the students’ self-analysis or self-realization. They
can examinggthemselve€s according to the lesson, asking: "What have I
learned?”, {Are there’any problems?", "Does the method suit me or not?",
"What shouldyklearn next?", etc. So we can see that process assessment
serves tojdetermine the teaching results in a class, to locate the problems,
and t0,get to know whether the students have achieved the teaching goal.
"Fhe timexfor Such an assessment is between S minutes and 8 minutes. The
assessment should correspond to the teaching plan and the results should
be published immediately after the assessment. When students do their own
assessment, a feedback card must be filled in for the teachers to use for
statistics and analysis. This kind of assessment is carried out for every aim;
with its function of diagnosis and direction, it serves to ensure that every
teaching aim is achieved.
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"Unit assessment" consists of a special assessment lesson in a unit, and
a test of that unit. The assessment lesson is carried out using Assessment
Cards and self-assessment by the students. The teacher gives the necessary
guidance. As there are several questions and requirements in the cards, the
students may select those that are suitable for themselves. This method is
convenient for strengthening the knowledge of students and cerrecting
some of their problems. In order to train the students in self-dssesSment,
and arouse their interest and initiative, a management map ofstudy quality
should be set up for a term or a unit. This map has proved very convenient
for the students, helping them to do their own¢fegulation and self-
education.

Assessment in the affective domain. There is 1o, domplete,system for
assessing qualitatively students’ study habits and approaches. Some teachers
do not know how to deal with this problem. This kind of assessment is not
a general judgement of "yes or no", "good o bad";high or low", "strong or
weak", but it has to do with the affective relationships between teachers
and the students. Sometimes it can arouse(thelinterest of students, and
sometimes it can hinder the interest of students. For'the assessment of the
student’s habits and approaches, we advocateto focus on "rational factors"
to promote the interest of the Students. We put forward the following
principles:

o To stimulate the interest of the students, we start with looking at the
teaching method, the materials, the results, and the relationships
between the teachers and the students. We try to improve the
teaching/learning eavironment, creating a favorable atmosphere for
study.

o To encourage students, wegaffirm their diligence and effort and
speak favorably,of theif'progress and success, so as to help them get
greater enjoyment from their own success and satisfaction.

o Affeétive education cannot be instilled forcibly. The successful way
for teacherts,is to be accessible and open-minded, to help students
understand“andyhelp each other, and to use vital and rich materials
that/{can fascinate the students. While the students are acquiring
knowledge they are also beginning to understand other things. Their
emotions and ideals may, at last, be unified.

o [\ The teachers’ passions should affect their students; teachers’ own
emotions can be used to arouse the interests of the students, so the
teachers and the students can understand each other and the
students can take an active part in the teaching activities. In practice,
two aspects must be stressed: The first is to scrutinize the teaching
materials in order to make them more interesting; the second is that
the teaching methods must be made more changeable and, they too,
more interesting. In a word, happiness must be embodied in teaching.
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Synthesized assessment in classroom teaching is an important part of
educational assessment. In recent years, many plans and methods have
come out which are very convenient for research work. Determining the
type of assessment, how many elements each contains, how to index the
totals, and the kind of statistics to be used, are still problems that ie€d, to
be solved. To give the assessment of classroom teaching a sciestific and
practical character, we need to adopt methods that allow for comparisons,
measurements, and statistics to be made. We started with an analysis of the
basic variables that affect teaching to make our synthesized assessment plan
for classroom teaching. Having practiced for a couple of years, we now
know more about this problem. This kind of assessmienpyrelates to the
teachers’ teaching goals, and unifies the managémént of teaching and
assessment.

In a word, assessment of the teaching process is forjimproving and
developing teaching, and centers on the achievement'of the teaching aims.
If we use it in our mathematics teaching, it'will, bring about appropriate
changes in teaching methods and teaching ontents:

Analysisfof the Result

We achieved good results when we useéd the type of assessment described
above in the mathematics teaching process. It effectively improved the
quality of teaching and learning. Fromyjour experiment in Fuxin City,
started in 1987, results are nétable. Through our analysis we can see, in
Table 1, that the results continue to improve.

,_
N 1987 1988 1989
mark

Average,mark +15.01 +21.5 +29.9
Pass mark(%) +27.25 +29.12 +33.0
Excellent (%) +14.85 +40.0 +26.65

Tablesl, “Improvement of teaching results

Abilityyalso improved as shown in Table 2.

From the two tables, we can see that the teaching experiments have
improyed the teaching quality in several respects. We computed some
stafistics on the marks from 3,300 students in 14 schools in Fuxin City. The
proportion of passing marks rose from 53.2 percent to 85.7 percent. This
indicates that teachers’ have improved the quality of their work. All of the
teachers now welcome our experiments and our experiments have spread
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Memori-  Under- Apply  Synthe-
ze stand size
Experimen- 0.92 0.91 0.87 0.76
tal class
Control class 0.85 0.83 0.75 0.61
Table 2  Experimental results .
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THE PRACTICE AND STUDY OF EVALUATING
MATHEMATICS TEACHING IN CHINA

1. INTRODUCTION AND BACKGROUND

An analysis of ancient educational theories and practical résearch on the
evaluation of mathematics instruction in China is usedsby thedauthors to
probe into a new way to strengthen mathematics instrifctiomyin accordance
with China’s present reality.

As an investigation has shown, there are kejiproblems)injthe mathemat-
ics instruction of China’s middle schools (the thf€e grades students enter
after six grades of primary education at agesyl2 or13):

o The qualifications of teachers need emhancing. According to
statistics, about 70 percent offfeachers are accustomed to the spoon-
feeding way of teaching (e4., chalk and talk).

0 The students are poor in sidimentary knewledge. This prevents them
from developing their ability‘andproduces great variation in learning
outcomes. The pass rate of the studénts in our city used to be about
50 percent. A number, of students had learned some elementary
mathematical terms ard\symbols, but did not have the competence
necessary to analyzefand solve problems.

o The students are gver-loaded. They are asked to complete "moun-
tains of books'and a sea of\exercises", which prevent them from
making progress at theit own'initiative. Some students lose interest
and motivation to learn and a few drop out of school.

o The selvingof problems is restricted by many factors. Such problems
are subjectivenes§iand arbitrariness resulting from a unitary syllabus
and teaching,materials; general, indistinct instructional objectives,
and #he conflict between over-loaded students and the overuse of
testing.

We havébased our research on the theories of a number of educational-
ists, imyancient or modern times, and take the path of using our cultural
heritage, qusing the experiences of other countries, as well as using
reférénces and blazing new trails.

M. Niss (ed.), Cases of Assessment in Mathematics Education, 193-201.
© 1993 Kluwer Academic Publishers. Printed in the Netherlands.
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2. BASIC IDEAS FOR EVALUATING MATHEMATICS TEACHING

In the traditional theories of education in China, there are a wealth of
ideas on instructional assessment which have made a great contribution to
enriching and developing international educational theories. "Fompass
judgement on everything and distinguish evil from good", a principle raised
by the great thinker and educationalist Confucius (551-479 B.C.), led the
people to follow the "right way" in behavior and judgement. Frem,the book,
On Learning (403 B.C.), we can see clearly the descriptions of an ancient
educational system:

"Schooling was a formalized educational process which took placefin familyischools, village
schools, city schools and in the national capital university, in whichithe students were tested
systematically every other year. The first year was abdut)their ability, td make pauses in
reading unpunctuated writings and their motivation to learmjthe third year about their
attitude to learning and relations to one another; thexfifth year their depth and width of
learning and respect for teachers; the seventh year their progression in analysis and
problem-solving and choice of best friends. Those sho passedgall the above tests were
considered a half success. On the ninth year an all-round assessment was put into effect on
their reasoning power, their constancy of purpose, and‘indépendent thinking. An individual
who passed also these tests were a complete success."

The above words provide evidencenthat,/more than 2,000 years ago,
instructional objectives and assessment Standards in intelligence and
aptitudes were highly emphasized.

With regard to the situation‘in middle schools in China, there seems to
be an imperative need for,a tadical reform of secondary education.
However, our experimefit of“educational assessment is not only an
experiment on teaching methodology, but also one on educational models,
educational management; and specific ways of assessment.

Obviously, it is @an‘@rduous task to meet the needs of economic and
social developmentiin regard to the training of qualified personnel. For
years the modern educational assessment model has been considered vital
to educational progress; the model emphasizes three aspects: systematic
consideratign of objectives, scientific and practical method, and functional
and managerial iniplementation.

The fundamental principle of the taxonomy of instructional aims are to
combine: (1) a holistic approach with the learning hierarchy; (2) scientific
method, with practicality; (3) developmental testing with the stages of
l€arning. InsOrder to improve the effect and quality of teaching through
research, the authors believe one must aim to fully carry out the teaching
syllabus, and to make knowledge, competence, consciousness, and action
converge for the students by setting up a taxonomy of instruction. We
classify the knowledge system in the cognitive domain into four degrees:
simple recall of knowledge, comprehension, analysis, and synthesis. We classify
the affective domain into three categories: interest, attitude, and cultivation.
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We put forward the following general slogan: "Teaching with affection,
adjusting and controlling in the course, persisting in progressive education,
testing and assessing regularly”. By so doing, we hope to bring knowledge,
competence, consciousness, and practice together, combining educational
evaluation with effective teaching.

In view of the above, a research group on educational assessment was
constituted of educationalists, research workers, teachers, and ddministra-
tive staff along the lines of a practice-theory-practice conceptgm,a process
of sampling-surveying-summarizing-revising-complementing-perfecting- ting-
popularizing they finally obtained some reliable resulf§yin theifizesearch on
educational assessment.

3. ORGANIZATION OF MATHEMATICS EDUCATIONAL ASSESSMENT

After an overall plan was designed to strengthen,solidarify among research
workers, a one-year plan was drawn up. Fouf classes of different levels in
three middle schools from the 63 middle scheols in'our city were chosen
in 1987 as the first sample; 188 studénts and several teachers were involved
in the research. A continuous dialogie, between research personnel and
students was promoted through“a handbook, Mathematics Educational
Assessment, that was compiled by our seséarch staff. After a two-year
experiment, the handbook was revised at the same time that our research
findings were widely dissemindted to schools. The handbook consisted of
three volumes, corresponding to‘the three grades in (junior) middle school.
Owned by every student involved, the handbook was used simultaneously
with teaching activities:

The handbook was compiled sogs to emphasize global learning and to
match students’ cognitive development to instructional tasks. Chief among
its tasks are the following:

o To clasgifyathe Tevels of knowledge in each chapter of the unified
mathematics_textbooks.

o To @nalyze,the knowledge structure of mathematical concepts,
axiomSytheorems, formulas, and laws, etc.

0 Toepsum-up the content of each unit into a well-defined body of
knowledge.

o (Te,change the descriptive demands of the syllabus into four degrees
(simple recall of knowledge, comprehension, application, and
synthesis) that are visible, measurable and applicable.

o To change abstract teaching aims into definite behavior levels with
many examples and exercises as references.

o To make up exercises for formative assessment and schemes for
charting an individual’s progress.
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o To make up reasoning exercises for developing divergent and
creative thinking and problem-solving, thus stimulating and keeping
alive the individual’s motivation to learn and matching talented
learners to the teacher’s tasks.

0 To make up summative exercises and schemes for charting stidents’
achievements during the time; the scheme should deal with figures
concerning frequency distributions such as mean, and coéfficient of
variation.

Under the guidance of their teachers, the studentS) in their,useof the
handbook, employ several different approaches to spe€dyup, ‘strengthen,
and enhance their learning. Those approaches includ¢ the'following:

o From known to unknown. A pre-view underthe guidance of teachers
is often a must before learning amew “lesson, so that from the
beginning students can understand whatythe objectives of the new
lesson are. Diagnostic assessment is garriedion during this period.

o From corrective feedback to reinforcement. Formative assessment is
carried on in the course of learning“méw material to get more
information about the progress, of learning and teaching. Each
student tracks his progress byglisting/the number of his correct
answers in a particular scheme.In the process, the papers are graded
by every student himself (self-assessment), or by other students (peer
assessment), or sometimes by thé teacher and students together
(teacher-centered assgssment).

o From synthesis to consolidation. Usually in mid-term or at the end of
a term summative” assessment is carried out. Here, only teachers
carry out the schemes for charting students’ achievements. Transfer
of learning is expected t0 increase through practice and application.

The studénts derive,their scores after each formative assessment event,
according to the fellowing definitions:

Number of correct answers to questions

Individual score =

’

Number of questions

Number of persons passing
Nunber of persons

wheresthe failure scores are those below 80%.

Class score =

The following examples show how instructional objectives can be combined
with'practice.

Linear Inequalities

1. Simple recall of knowledge

Demands: Know the meaning of the symbols ">", "<", "=", "<"; be able to read and
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write them.

Example: Put ">" or " <" between quantities, according to the information given.

(1) a is greater than -2,

(2) b is not greater than 5,

(3) ¢ is not smaller than -6.
2. Comprehension

Demands: Have a good understanding of the fundamental_prope quality
symbols; be able to use them correctly. ‘

Example: If a <b <0, fill in the blanks with proper symbo

(1) (a-b)’_0;

(2) -(a+b)*_0; .
(3) ab__0;

4) lal__Ibl;

O <3

6) a-b__0.

3. Application

Demands: Solve problems involving ineq

Example:  Fill in the blanks with proper symbols)of inequality according to the informa-
tion given.
(1) if x-5< -5 then
(2) if -3r <12 the
3) if -5_2" <0
4)if a<b an

Example:

r axis above shows the positions of @ and b. Which is the correct
ccording to the information given?

If a>0, b>0, c<0, d>a+b, compare the values of ad+bc and cd.

Example: If -2<x<2, and 6x+1>7-4x, what is the scope of x in the algebraic
expression
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6x+1 o
7-ax

4. Synthesis
Demands: Solve the problems creatively by analysis and synthesis, using your skills about
inequality.

Example: Suppose

420K _3xk 3 x-6k

2 s 5

If x is negative, what is the scope of k?

In order to lead the large-scale experiment effectively, we laid our
emphasis mainly on accomplishing the followifig three tasks:

O  Raising teachers’ level of understanding. ©ur researeh group organized
varying training programs for teachers meore than 40 times, and
provided them to about 2,000 traine€s. Through mobilizing masses,
training core members, enhaging the résearchers’ quality, develop-
ing model teaching, and/ spreading advanced experience, we
disseminated our reseapch Mindings widely, and our experiment
developed quickly and vigorously: Nearly 20,400 students in our city
had been involved in the experiment by the end of 1990.

o Improving teachers’ mastery of teaching methodology. In spite of the
different teaching styles of individuals, teaching aiming at the
objectives was particulatly stressed. In the teaching activities,
teachers must always pay'special attention to the following conflicts:
students’ knowledge and the, structure of the class, theory and
practice, in class or outside‘activities. Teachers have continuously
created suitable hew teaching approaches of different styles.

o Emphasizing teachers’ use of assessment. Educational assessment is
present as an.important component throughout the whole list of
teaching “activities. The organic combination of teaching and
assesSment cap surely make a more perfect quality-control system
thanwould Jbe the case if the two were separated.

4. THE ASSESSMENT MODEL OF MATHEMATICS TEACHING

WE classify assessment mainly into three modes, diagnostic, formative, and
summative. Diagnostic assessment must rely on the results of formative and
summadtive assessment respectively. Formative assessment focuses not only
on the prerequisite conditions of the students, but also on the problems
that appear in summative assessment in the preceding course, thus
providing a basis for remedial teaching. Usually, diagnostic assessment is
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carried out together with formative assessment. Summative assessment,
aiming at the results of the whole teaching process, can also function as
formative assessment. Therefore, there exists an interplay between the
three kinds of assessment. Educational assessment is the overlapping effect
of diagnostic assessment, formative assessment, and summative assesSment.
The following Figure can illustrate this relationship:

formative assessment

/)

diagnostic assessment summativesassessment

Figure 1

The methods of self-assessment, peenassessment, and teacher-guided
assessment are used again and again until; at last, three combinations are
realized in a harmonious way: (1) the conibination of assessment-in-process
and final examinations; (2) the, combination of assessment dealing with
single items and assessméntifocusing on comprehensive forms; (3) the
combination of descriptién by general words and by specific figures. In this
way, our notions and| practices of,educational assessment develop with
apparent and positive,effect.

The three dimemnsional cube below illustrates our educational assessment
model.

S. THE _EXPERIMENTAL RESULTS OF THE ASSESSMENT MODEL
IN MATHEMATICS TEACHING

The research enhanced the quality of teaching. The most conspicuous change
in tedching isithe move from teaching to examinations to competency-based
teaching, Examinations for selection have been changed into proficiency
assessments, thus making the teaching suit all the students. The young
teachers in our city, through the experiment, have made remarkable
progress in mastering the teaching materials and adjusting their teaching
methdds flexibly, and from them nearly 100 gifted teachers have emerged.

The research has contributed to lightening the overload of students. In the
entry test in Huangshi, the students in 1988 and 1990 behaved quite
differently; the former did not take part in the experiment, while the latter
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Figure 2
did. The content validity and the di he test were equal in
two years, and the same type of s d.

Year | Number of Exce

students rate
1988 | 5935 16% 54.87%
1990 | 7049 % 71.43%

1990

Table 1  Compari

g change in 1990. It is most likely that the

The figifes sh

experiment o SS t in teaching, in addition to other factors, had a
major part imyth s.
The research improved the ability of the experiment students. They achieved

notable su n contests. In the nationwide middle schools mathematics
0, two students in Huangshi won first-class prizes for the
ce (of which one won the first place by full-marks), one won

e same year, in the municipal mathematics contest for first year
school students, 81.4 percent of the winners were from the
experimental classes, which included all the first class and second class
prizes in the city.

Over 80 percent of students in the experiment reported to like mathe-
matics and took a great interest in the study of mathematics. They regarded
the study of mathematics as an arduous, but joyful job. The students in the
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experimental classes took an active part in extracurricular activities like
sports and games, cultural recreation, and outside reading. They won
several national prizes in the competition on inventions and creations.
This indicates that students did not have to do as much homework in
order to deal with the examinations. The educational assessment to
reach the goal of appraising the students of their progress i
arranging a name list ranked according to their marks. This he
the students’ psychological pressure and creates a fine envi €
them to develop morally, intellectually, physically, aest and

laboringly. o

6. CONCLUSION . N.

As a general result of the research, three ¢han come into being.
Teachers have moved from mark-dominatio 0 0 € management;
from emphasizing only teaching to both tea earning; and from
final-examination feedback into a frequent y three-dimensional
form of feedback.

al
C
n T

The experiment on education
China. In order to make the refor
teaching, we need to study quite a few p

still in an initial stage in
serve the improvement of
ems further.
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Hou Yusheng, Deputy Secr eneral uangshi Foreign Languages Association of
Instruction, translated this artic Chinese.
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ASSESSMENT IN MATHEMATICS WITHIN
THE INTERNATIONAL BACCALAUREATE

1. INTRODUCTION

The International Baccalaureate Organization (IBO) is an integnational non-
governmental organization holding consultative status with " UNESCO. Its
legal status is that of a Foundation under the supervision of the Swiss
Federal Government in accordance with the Swiss)€ivil Code:

The program of studies leading to the examinations for the International
Baccalaureate Diploma consists of a two-year peried of study for students
aged between sixteen and nineteen. It isddesigned topbe comprehensive,
demanding and yet within realistic reach of suitable candidates throughout
the world. Based on the pattern of no sifigle ‘country, it represents the
desire of the founders to provide stadents‘ofydifférent linguistic, cultural
and educational backgrounds with the intellectual, social and critical
perspectives necessary for furthef studyland the adult world that lies ahead
of them. The Diploma is currently aceepted as an entry qualification to
university education in over sixty-five different countries.

To put this into perspective in terms of figures the following (Table 1)
are those for the May 1990 €xamination session measured against May
1980. The growth of the 4B and the increase in popularity is easily
demonstrated by this comparison.

May 90 May 80
Number ofyschoolsparticipating 392 76
Number of candidates examined 13,733 2,845
Number of ¢andidates entered for the Diploma 4,286 1,005
Number jof candidates awarded the Diploma 3,188 765
Number ofisubjéects and levels examined 188 150
Numbernef subject entries examined 37,169 7,968
Total number of nationalities of candidates 157 142
Number, ofl candidates examined in Mathematics 5,741 1,200

Table 1  IB enrolment

M. Niss (ed.), Cases of Assessment in Mathematics Education, 203-211.
© 1993 Kluwer Academic Publishers. Printed in the Netherlands.
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2. SUMMARY OF THE CURRICULUM AND EXAMINATION

The curriculum consists of six subject Groups:

Group 1
Group 2
Group 3
Group 4
Group 5

Group 6

Language A1 (first language) including the study of selections

from World Literature.

Language B (second language) or a second language Al.

Study of Man in Society; History, Geographyf@Eeenomics,

Philosophy, Psychology, Social Anthropology, Organization and

Management Studies.

Experimental Sciences; Biology, Chemistry, Applied Chemistry,

Physics, Physical Science, EnvironmentalySystem.

Mathematics; Mathematics, Mathematies ywith * Computing,

Mathematical Studies, Mathematics with Further Mathematics.

One of the following options:

(a) Art/design, Music, Latin, Classical ‘Greek, Computing
Studies

(b) A school-based syllabuis,approved by TBO.

Alternatively a candidaté may offer instead of a Group 6 subject:

a third modern language, a’second, subject from the Study of

Man in Society, a sécond sibject from Experimental Sciences.

To be eligible for the award of the Diploma all candidates must

o offer one subject from each of the above Groups;

o offer at least thre¢“and not more than four of the six subjects at
Higher Level and the others‘at Subsidiary Level;

o submit an Extended)Essay ifijone of the subjects of the IB curricu-
lum;

o follow a course/in the Theory of Knowledge;

o engagein CAS Activities representing Creativity, Action and Service.

Candidatesymay-also offer single subjects, for which they will receive a
Certificate.

Examinationsgfrom subjects in Groups 3 to 6 may be taken in any one
of thesthrée working languages: English, French or Spanish.

Assessment may be external (written or oral) or internal (moderated
externally). Fach subject is graded from 1 (very poor) to 7 (excellent).
Benus,points may be awarded (or penalty points deducted) for both the
Extended Essay and Theory of Knowledge. A Diploma is normally awarded
to candidates who have scored 24 points or more provided certain
conditions are achieved.
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3. ROLE OF MATHEMATICS IN THE DIPLOMA

Mathematics holds a unique position within the IB Diploma as it is the only
subject which is compulsory. Other Groups offer a variety of subjects but
in contrast Group 5 offers programs which are all strictly mathematieal in
nature.

These separate programs have been carefully created to catér for the
wide range of student ability and interest. Each has been designed forra
particular group of students.

Mathematics at Higher Level is intended for those who have Y'good"
mathematical ability. Some study the subject because theyhave'aigenuine
interest in it and also because they enjoy meeting she“challenges and
problems which it produces, whilst others need mathematics for their future
studies in this subject or in other closely related subjectssieh as physics or
engineering.

Mathematics at Subsidiary Level is designed te providé’a background of
mathematical thought and a reasonable levelrofitechnical ability for those
not intending to undertake Higher Level. Itynormally provides a sound
mathematical basis for those intendifig'to pursuesstudies in subjects which
have a more limited degree offdependence, e.g., chemistry, biology,
economics, etc.

Mathematics with Computing at Subsidiary Level is intended for students
with good mathematical ability but, in“addition to providing a sound
background based on mathematical techniques, it allows the student to gain
a working knowledge of programming developed in the context of
mathematics. The program(hasya)55% overlap, in terms of content and
assessment, with Mathematics at Subsidiary Level.

Mathematical Studies abSubsidiary Level is intended to provide a realistic
mathematics course for students with'varied backgrounds and abilities. The
skills needed to cope with,the mathematical demands of a technological
society are developedtbutmo great expertise is required. The intellectual
level is compardble to“the two previous Subsidiary Level courses.

Further Mathematics.at Subsidiary Level may only be taken in conjunction
with Mathematics at Higher Level. It is intended for students who plan to
specialize in'mathematics at university and extends their knowledge of the
topics contained'in the Higher Level program in addition to the introduc-
tion of new areas for study.

4. MODES OF ASSESSMENT

Untilp?979, all courses in mathematics were externally assessed by written
examination. With the emergence of Mathematical Studies which placed
greater emphasis on application, the notion of a different type of assess-
ment was introduced, that of an internally assessed component. This mode
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of assessment was subsequently extended to Mathematics with Computing,
both courses being designed to develop skills in researching and applying
techniques. Other mathematics courses have remained entirely externally
assessed by written examination. For all examinations in mathematics, the
final mark is calculated by summing the marks obtained frompeach
component of the examination to produce a total mark which' is“then
converted to a grade on the 1 to 7 scale.

External Assessment

Until 1981, all mathematics examinations, except fordurther Mathematics,
consisted of two papers, one containing multiple-choice guiestions,’the other
containing longer, more structured questions.

However, multiple-choice testing was discontinuedyat thisjtime for the
following reasons. Firstly, there was no mechanism in plaee for pre-testing
questions; and secondly, the system made, no/allowance for method of
working, being an "all-or-nothing" form’of assessment. Multiple-choice
testing was therefore deemed inappropriatesand dropped in favor of short
answer questions which in addition to testingithe breadth of the curriculum
are designed to allow students partial credit for éofrect method of working.

The second paper (and that ofFurther Mathematics) contains questions
designed to test the depth ofthejcurriculum. These require extended
responses and sustained reasoning. Marks are allocated on the grounds of
method accuracy, and clarity of expression.

Internal Assessment

Mathematical Studies and Mathematics with Computing each have an
element of internal fassessment “which contributes up to 20% of the
student’s final mark. In both cases the teacher assesses the work of the
candidate according to guidelines provided by the IB.

Moderation is ¢arried put by an Examiner based on a submission of
sample workhIn thel¢ase of Mathematical Studies the internal assessment
consists of a projectcontaining an extended piece of work developed
independently and in,the case of Mathematics with Computing it consists
of a dossiér-of selected programs. It is expected that students will be
supervisediand may receive guidance.

S. DIFFERENTIATION

Differentiation between levels, and in subjects within a level, is achieved
by both content and style. Restricting ourselves to the three most popular
examinations in mathematics, i.e., Mathematics at Higher Level, Mathemat-
ics at Subsidiary Level and Mathematical Studies at Subsidiary Level, this
effect can be illustrated though not generalized by the following examples:
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Paper 1

Mathematics Higher Level (May 1990, question 12)

12. Given that the equation 4z°-32z?+162-12=0 has a root z=2i, find the other two
roots.

ar!

Mathematics Subsidiary Level (May 1990, question 13)

13. Find the values of m for which the quadratic equation
x2+(1-m)x+9=0
has two equal roots. . arks)

Mathematical Studies, Subsidiary Level (May 1990,
5. A debt was repaid in monthly instalments which for he

1,000, 250, ...

Calculate the value of the first instalment which was Small iving the answer

(i) exactly

(i)  correct to 4 significant figures (4 marks)
tion 2)

tion
ic progression

Pap

Mathematical Higher Level (M
2. The line / has equation "T‘z=’_;3 == andt as coordinates (5,7,-3). Find
from P onto ! and verify that

(7 marks)
+22-3)=0 where A and u are non-zero

d p the plane m contains the line /.
(4 marks)

the coordinates of Q, the foot of the perpendic

the length of PQ is 2/5.
The plane m has equation A(x
constants. Show that for

Hence, or otherwise,
(i) find the equation he hich contains / and which passes through the
point with coor @ (2,1,0); (4 marks)
@ii) find th.]uati f the/plane which contains / and is perpendicular to the
plane wit i ly-3z=17. (5 marks)

Level (May 1990, question 2)

all real values of x,
(sinx+cosx)?=1+sin 2x. (3 marks)

sinx+cosx=y/2. (5 marks)

Find the greatest and least values of the expression
sinx+cosx

in the interval 0sx<Z. (4 marks)
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(d) Find the greatest and least values of the expression
sin’x+cos’x

in the interval 0sx=<Z. (8 marks)

Mathematical Studies, Subsidiary Level (May 1990, question 3)

3. The temperature, T, of a cup of tea is given as a function of the time, ¥, it
has been served by

T:t-15+64(27)

T is measured in °C and ¢ is measured in minutes. .
(a) Copy and then complete the following table to find v mpcrature,

T, at particular times, ¢ . . (4 marks)
¢ 0 1 2 3 5
2 L
2
64(2) 16
T=15+64(2") 3 17
(b) Write down the temperature of the tea utes after serving. (1 mark)

(c) Write down the temperaturg“of the tea when the cup of tea was served. (2 marks)

(d) Draw the graph of T
for 1 minute on thi

e above for 0 <¢<5. (Take 1 cm as the unit
axis and 1 cm as the unit for 10°C on the y -axis. (8 marks)

(e) Use the graph t im,
is 41°C.
(f) What do yeu th temperature of the room where the tea was served?

Give rea our estimate. (3 marks)

The marking of gxamination scripts is carried out by a team of Assistant
Examiners etailed Markscheme produced by the Chief Examiner.
b arded for Method, Accuracy (linked to method), Correct
% arity of Reasoning. These appear as M, A, C or R marks on
heme. Follow Through (FT) marks may sometimes be applied

n incorrect answer fundamentally affects subsequent working.

r how many minutes the temperature of the tea

(2 marks)

6. THE GRADE AWARD PROCESS

Only after Chief Examiners have satisfied themselves of the validity of their
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Assistant Examiner’s marking from a 15% sample of scripts and have
decided on the application of moderation factors (if any) can the grade
award process begin. It consists of a number of fixed steps as follows:

Nature of the Examination

To gain as wide a view as possible on how the examination was peiceived;
Chief Examiners read comments submitted by both teachers and Assistant
Examiners.

Nature of the Population

Chief Examiners then acquaint themselves with any chafiges in"the nature
of the candidate population taking the examinationjand satisfypthemselves
as to the nature of the population in comparison to [that,of previous years.

Preliminary Information

Mark distributions are provided in graphical‘form for'each element of the
examination together with a total mark diStributien. These provide an
indication of the general overall performanceyin the'examination, but are
not used to norm reference the candidate entry.

Grade Boundaries

By considering the work available from candidates, Chief Examiners choose
their grade boundaries starting at grades'3 to 4. Having set a provisional
boundary, a number of scripts gn either side of this boundary are examined
and a decision made, based on professional judgement, as to the eventual
boundary position. In thisdwaypall the grade boundaries are established
from Grade 1 (very poer)’'to Grade{ (excellent). It should be emphasized
that boundaries are chgsemon the basis of qualitative judgements. IB does
not norm reference its,candidate population.

Predicted Grades fromiSchools
When the gradenboundaries have been finalized, a set of CSR data
(Confidential.School Reports containing predicted grades) is provided. This
allows Chief Examiners to access the overall CSR versus IB grade
differences.\Hewever, CSR data do not precipitate moving grade bound-
aries toditsteacher predictions. It is the Chief Examiner’s standard, already
decidéd, which is applied, not that of the teachers.

Where, candidates are two or more grades below the predicted grade,
scripts,may be checked for clerical errors, but they may not be remarked
at this‘point.

7. AWARD OF THE DIPLOMA

In detail, the grading scheme in use for the IB examinations is as follows:
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1 — very poor;
2 — poor;

3 — mediocre;
4 — satisfactory;
5 — good;

6 — very good;
7 — excellent.

The diploma is awarded to candidates whose total score
bonus or penalty points, reaches or exceeds 24 pointsfand do

any failing conditions such as a Grade 1 or Grade 2
Grade 1 at Subsidiary Level; more than three Gr
8. FUTURE DEVELQPE!
Research is presently being undertaken ix lidity of the various
aspects of mathematics examinations. onnection, correlation

coefficients have been calculated ponents and the whole
as illustrated in the tables belo

Mathematics Higher Level

May 1989 Examination S

Paper 2
0.9786
Total marp 0.9777
Paper 2

N = 1280
Pearson Correlation Coefficients
earman Correlation Coefficients
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Mathematics Subsidary Level

May 1989 Examination Session

0.8066

Paper 2 0.8110 Q
0.9126 0.9710

Total mark 0.9190 0.9753 © e

Paper 1 Paper \

N = 2332 ®
Key: Pearson Correlation Coeffi s
Spearman Correlation Coefficien

One might expect this high ¢
more elusive. Are we testing th
could the extent of examining
mathematical ability being displa
essentially linked?

Another issue presently under discussion is the validity of obtaining the
final mark by summing th achieved for each component. Present
thinking favors the conc ent profiling in which the final grade is
determined from a m of all possible combinations. Thus a series of in-
built hurdles are crea
demonstrating deyv, e a range of skills, are favored above those
candidates who ¢ trate their energies on a single component, or a
small numl‘ S hence obtain an uneven spread.

Ruth K. Sweetnam
Internation laureate,
Cardi;

Unit m

reasons for it may be
each component, and if so
or is there some central
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