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Teachers are seen as mediators of learning, interpreters and designers of learning programs and material and the responsibility to adequately prepare them lies with tertiary institutions. This paper summarizes a two year study investigating the state of prospective teachers’ (PTs’) (n=254), teachers’ (n=18) and students’ knowledge (n=103) of Grade 7 geometry (using the van Hiele theory (1986)). The impact of different pre-service time frames (3years vs 4 years), a possible relationship between teachers’ content knowledge and the students’ learning, and the effect of teaching experience on both acquisition and classroom practice are investigated. Results indicate that both teachers and PTs fail to reach the level of geometric thinking and degree of acquisition expected (van Hiele Level 3- the level teachers are expected to teach). Only one of the four participating grade 7 classes made a practical significant learning gain on the informal deductive level (van Hiele Level 3). Results also show that PTs exit school with higher geometrical acquisition than after three years of mathematics content and methodology training or after four years of methodology training.  The knowledge degradation indicates that training does not assist in maintaining or improving geometric acquisition. A conclusion is that PTs and teachers are not adequately in control of the grade 7 Geometry subject matter they have to teach, which has implications for classroom teaching and learning.  The results have serious implications for pre- and in-service training and suggestions on the features of an improved program are made.   

Introduction

Teacher knowledge and the possible role it plays in the classroom are well documented but what and how much knowledge a teacher needs to be successful remains a question for debate (Manouchehri, 1997). Shulman’s work (1986) confirmed the complexity of research into teaching and teacher behaviour. A change in the nature of training may be required rather than more content courses. The current state of South African primary school teachers’ knowledge and the impact on classrooms have previously been investigated by South African researchers, including Taylor and Vinjevold (1999) but none focussed solely on Geometry or account for the influence and adequacy of pre-service training.
The van Hiele theory (van Hiele, 1986) was used to examine the content knowledge of teachers and prospective teachers, as the theory identifies a way in which a learner’s level of geometric argumentation or thinking can be measured. The theory postulates that learners advance through progressive levels of geometrical thought from a Gestalt-like visual level through increasingly sophisticated levels of recognition (Level 1), descriptive/analytical (Level 2), abstraction (Level 3), formal deduction (Level 4) and proof (Level 5).
Methodology
After a pilot study early in 2000 (to refine the questionnaires), Grade 7 mathematics teachers from five towns were invited to participate in the study, with eighteen volunteering. Four of these were selected in 2001 (2 with high and 2 with low levels of content knowledge), which in turn each selected a grade 7 mathematics class that was tested at the beginning and the end of 2001 (n=103 students). Each of these four teachers selected chose one of their grade 7 classes to be part of the year-long study (with a total of 103 students taking part).

The population of PTs in 2000 consisted of all final year mathematics education students in the North-West province. Seventy-eight secondary school PTs followed a 3-year curriculum while the elementary and middle school PTs (n=22) followed a four year curriculum. In 2001 only one college of education remained in the province due to restructuring of higher education in South Africa.  From this college all 1st (n=27) and 3rd (n=34) year elementary and middle school mathematics PTs and 4th year PTs (n=63) were included.

The five tertiary institutions were visited in the final quarter of 2000 where PTs completed the questionnaire.  During 2001, participating 1st year PTs were tested during the first quarter while the participating 3rd year PTs and 4th year PTs were tested during the final quarter of the year.  

The teacher and PTs questionnaire consisted of 56 items and the student questionnaire of 40 items (a subset of the 56 teacher items).  Items were selected from the Mayberry test and a test developed from Research Unit for Mathematics Education of the University of Stellenbosch (South Africa). Test items dealt with  concepts and shapes relevant for grade 7 Geometry over the first three van Hiele levels for the students’ questionnaire and over the first four van Hiele levels for the teachers’ and PTs’ questionnaire.  The reliability (Cronbach Alpha values) was calculated for the PTs’ and teachers’ questionnaire and is 0.77 for Level 1, 0.71 for Level 2 and 0.68 for Level 3 with 0.56 for Level 4.  The reliability for the student version on Level 1 is 0.60, 0.52 for Level 2 and 0.24 for Level 3.      

Results and Discussion

In analyzing the data from both teachers and PTs, it became clear that neither group achieved a complete degree of acquisition for any of the van Hiele levels. The teachers only achieved a low degree of acquisition for both van Hiele level 3 (the relevant level for grade 7 - Department of Education, 2002) and van Hiele level 4 (level relevant for high school mathematics).  PTs, irrespective of phase or time spent in pre-service education, could not reach an intermediate degree of acquisition for van Hiele levels 3 or 4.   First year PTs exhibited the highest degree of acquisition in nearly all the van Hiele levels, when compared to any other group of PTs. 

In investigating the effect teachers have on their students’ learning gain (as revealed by their degree of acquisition), teachers’ influence resulted in (at most) a single degree of acquisition shift. All students exited grade 7 with a low degree of acquisition, with some students exhibiting no learning gain, on van Hiele level 3.

Both teacher and PT populations failed to reach the expected level of competence (van Hiele level 3) and degree of acquisition (high or complete). Teachers’ low degree of acquisition on van Hiele level 3 and 4 emphasizes the ineffectiveness of pre-service training.  It seemed reasonable to expect teachers to have completely mastered the van Hiele level 3 (the level relevant for grade 7) and would have at least exhibited some significant degree of acquisition of the work their students are to learn in future (van Hiele level 4). 

Investigating the knowledge (geometrical thought) level attainment with which teachers enter the career (i.e. final year PTs) would give an indication of the effectiveness of pre-service training in preparing PTs for a  career of mathematics teaching. The results seem to indicate that mathematics teacher education, irrespective of years of education (3 years or 4 years) does not adequately prepare PTs.  Both groups of PTs achieved a low degree of acquisition for both van Hiele levels 3 and 4 – (mimicking teachers).  PTs following the four year model slightly outperformed PTs following the 3 year model, but were not able to achieve a degree difference on any of the van Hiele levels.  Teachers did outperform both groups of PTs on van Hiele levels 1 and 2, which could lead to a conclusion that teaching experience could be a positive factor in the acquisition of the lower van Hiele levels.  
A general conclusion is that teachers and PTs are not adequately in control of the subject matter they have to teach. This correlation could imply that teachers, irrespective of educational history, could currently be teaching without the necessary subject content knowledge and also that PTs enter the teaching career with less than adequate knowledge.   

The research done in 2001 at the four selected teachers’ classes revealed that all classes completed grade 7 while remaining on a low degree of acquisition for both van Hiele levels 2 and 3.  Three of the four classes made a degree improvement on van Hiele level 1, with only one class achieving a high degree of acquisition. There seems to be a possible relationship between the learning gain made by students and the teachers’ pre-service education and years of teaching experience.  The class whose teacher completed a four year programme with mathematics and mathematics methodology combined with nine years of teaching experience was the only class to achieve significant learning gains on all three the van Hiele levels. The class whose teacher completed a four year programme without any mathematics and mathematics methodology education with six years teaching experience, was the only class who showed no learning gains on van Hiele level 3.  Despite the different education received by the four teachers or the years of experience, only one teacher could reach an intermediate degree of acquisition on van Hiele level 3.  The other three teachers themselves (just as their students at the end of the year) exhibited a low degree of acquisition of van Hiele level 3. This could lead to the conclusion that teachers aim their teaching only on the level they are confident in.   

In an effort to find the possible cause for teachers’ poor level of geometrical acquisition but also a possible starting point to correct the state of affairs, a more in-depth investigating of the impact of pre-service teacher education was done at the remaining college of education in the North West province. PTs (1st year) with no training in either mathematics or methodology education outperformed PTs that had completed three years of mathematics and methodology education as well as PTs that had completed 4 years of methodology education. This shocking revelation could imply that pre-service education had no significant impact by either maintaining or positively impacting on the already attained thought level.  This finding confirms Ball’s (2000) work that relying on what PTs learned in their pre-service mathematics and methodology education classes is unlikely to provide adequate preparation for teaching mathematics with understanding. If the teachers’ and PTs’ knowledge (geometrical though level attainment) is considered, both pre-service and in-service training of mathematics teachers need serious attention and/or renewal. The current education programmes at tertiary institutions seem not to have the desired impact on PTs’ level or degree of geometric acquisition expected (and required) to teach effectively – with the subsequent effect reflected in students’ achievement in this study as well as in international surveys (such as the TIMSS).  

Recommendations

A long term teacher education programme is suggested that: Firstly, enables PTs to develop knowledge of mathematics that permits the teaching of mathematics from a constructive perspective (Cooney, 1994). Secondly, offer teachers and PTs an opportunity to reflect on their experience as students of mathematics, but also as teachers/mentors, in an environment where they experience the learning in the same way as they will be expected to work with students.  Thirdly, balance mathematics content knowledge with pedagogical competency in combination with collaboration and reflection.  Fourthly, provide a context in which teachers and PTs develop expertise in identifying and analysing the constraints they face in teaching and explore strategies and ways to deal with those constraints. Lastly, afford contexts in which PTs and teachers can gain experience in assessing students’ understanding and learning by listening to students’ mathematical thinking/explanations with the benefit of PTs learning about the teaching and learning of mathematics in the context of their practice.  The advantages of following a programme of this nature could include teachers being enabled to become less textbook dependant with less emphasis given to computational tasks and a focus shifting from teaching to learning (Swafford et al., 1999).  By providing opportunity to apply instructional strategies and techniques teachers acquire knowledge that enables them to reflect on their own learning and knowledge base and so generate the realization for the need to relearn forgotten knowledge and gain new knowledge.     

Cooney (2001) theorizes that the greatest moral dimension of teacher education is the challenge which enables teachers to see knowledge acquisition as power they can use to enable students to acquire the same kind of power.  If teachers are to teach according to the visions of reform, they must be convinced of the value of reform and have exposure to similar learning environments first-hand as students. 
Concluding remarks

The results of this study suggest several directions for future research.  Firstly, research could include comparative and longitudinal studies to determine the applicability of the results on a wider population. Researchers could secondly consider following PTs through their training and into their first few years of teaching as this could produce a clearer picture of the impact of pre-service training on both teaching and student learning.  Research could thirdly be conducted into the cohesiveness between pre-service training and instruction in the school setting.  Fourthly, the correlation between the nature of the pre-service training and ultimate teacher instructional behaviour is also a point worth further investigation.  Fifthly, a general lack of research into geometry teaching and learning in the specific and complex South African school context is an area ripe for inquiry. Finally, the search and study of teachers with adequate knowledge and their subsequent behaviour could also provide useful insights into the areas on teacher training that need addressing. 
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