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Preparing teachers for teaching: Does initial teacher education improve mathematical knowledge for teaching?
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In this study, we examined whether the Malawian Initial Primary Teacher Education Programme develops teachers' mathematical knowledge for teaching [MKT]. We administered measures adapted from the Learning Mathematics for Teaching project to more than 1,700 pre-service teachers from eight colleges to measure their knowledge for teaching. Paired samples t-test using 725 pre-service teachers whose pre-test (M = .049, SD = .960) and post-test (M = .084, SD = 1.043) scores we have paired, showed no significant gains in knowledge overall (t(724) = -.808, p=.419), and in seven colleges individually. However, mathematical knowledge for teaching for pre-service teachers from college C2 had increased significantly (t(165) = -2.062, p = .041). While the results showed a significant correlation between pre-test and post-test (r = 0.544, p < 0.001), we fail to conclude based on the results that the initial teacher education improves mathematical knowledge for teaching.

Introduction

Primary school education sector in Malawi experienced a critical shortage of teachers due to increased enrolments following the introduction of free primary education in 1994 (Ministry of Education Science and Technology [MoEST], 2011). The increased enrolments in primary schools resulted into an exceptional demand for teachers. The government of Malawi responded by recruiting unqualified teachers and recalling retired qualified teachers as a temporary measure. In order to expedite training of the unqualified teachers, the MoEST developed a new teacher education programme called the Malawi Integrated In-service Teacher Education Programme [MIITEP] which begun in 1996/7 and remained until 2005/6 when it got replaced by the current Initial Primary Teacher Education [IPTE] programme. Unlike MIITEP, IPTE is a two year pre-service certificate teacher education programme designed to respond to reforms in primary school curriculum (MIE, 2008). During the first year, preservice teachers are full time learning in teacher colleges with minimal supervised peer and microteaching. In the second year, the pre-service teachers are attached to primary schools for teaching practice with assistance of experienced mentors. To enrol into the programme, prospective students must possess a Malawi School Certificate of Education (MSCE) with a credit pass in English and a pass in Mathematics and one other science subject.

Despite the reforms that have occurred in teacher education since 1997 and curriculum shift to align it with the primary curriculum, pupils' performance and achievement in primary mathematics remain poor. For instance, Malawian pupils have fared poorly on surveys by the Southern and Eastern African Consortium for Monitoring Educational Quality (SACMEQ). In SACMEQ II, Malawi was ranked 13th in mathematics out of 14 Southern African countries (SACMEQ, 2010). The trend in pupils' achievements did not change when SACMEQ III was implemented, with Malawian pupils Thematic Working Group 20 Proceedings of CERME10 being ranked 14 th out of 15 participating African countries (SACMEQ, 2010). Efforts to explain the underperformance of Malawian pupils in regional surveys have ruled out use of English and increased enrolments as factors responsible for the trend because these factors were not unique to Malawi (World Bank, 2010). Following analysis of the SACMEQ results, the MoEST observed that most teachers did not have sufficient training and/or experience [START_REF] Moest | Education Statistics 2011[END_REF]. The analysis therefore recommended strengthening of pre-service and in-service teacher education.

In order to strengthen the current teacher education programme, we need to understand how it operates and identify weaknesses. Therefore, the current study as part of a larger study contributes to efforts to improve the IPTE programme by assessing the extent to which it develops pre-service teachers' mathematical knowledge for teaching. We therefore attempted to address the following null hypothesis: There is no significant change in pre-service teachers' mathematical knowledge for teaching after undergoing initial primary teacher education in Malawi.

Related literature

Issues surrounding teacher preparation are of growing concern in Malawi. In its evaluation report of the IPTE programme, MIE (2008) highlights the importance of basic mathematics and numeracy for teaching of primary mathematics. Through this evaluation and further analyses, MIE identified the following issues relating to IPTE and mathematics teacher education: (1) lack of motivation among trainees to learn mathematics and to become mathematics teachers, (2) mistakes and wrong information in the teaching and learning materials, (3) mismatch between syllabus and content in handbooks, (4) conflict between curriculum and assessment reforms, and foundation studies, and (5) missing illustrations for number operations in student handbooks. The MIE report concludes that these "…will eventually make the student teachers fail to understand what they are supposed to do and even fail to do the activities they are being asked to perform" (p. 54). We consequently observe that, if the goals of the reforms in teacher education are to be met, we must approach the assessment of the current (mathematics) teacher education in a multifaceted and holistic manner. This study is therefore part of that holistic approach.

Although several factors affect a teacher's effectiveness, [START_REF] Hill | Effects of teachers' mathematical knowledge for teaching on student achievement[END_REF] argue that teacher's knowledge is one of the biggest influences on teaching and students' attainment. As a matter of fact, they have put forward evidence that show that teachers with sufficient knowledge produce significantly positive changes in their students' learning and attainment after controlling other variables that are believed to influence student achievement. Furthermore, [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF] state that there is nothing more foundational to teacher competency than knowledge of their subject matter. Their assertion concurs with [START_REF] Ma | Knowing and teaching elementary mathematics: Teacher's understanding of fundamental mathematics in China and the United States[END_REF] who contends that a deep understanding of fundamental mathematics affords a crucial base for effective and successful mathematics teaching. We agree with [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF] that the quality of mathematics teaching depends, largely, on teachers' mathematical knowledge. Research in teacher education has considerably changed the way in which mathematical knowledge for teaching development is understood. Traditionally, it can be thought that knowledge for teaching develops during and after formal teacher education. However, [START_REF] Grossman | The making of a teacher: Teacher knowledge and teacher education[END_REF] and [START_REF] Hill | Effects of teachers' mathematical knowledge for teaching on student achievement[END_REF] suggest that knowledge for teaching develops from preteacher education experiences, teacher education experiences and teaching experiences. Hence our interest in pre-service teachers' mathematical knowledge for teaching before and after their initial teacher education.

Vigorous enthusiasm in knowledge for teaching research followed Shulman's (1986) work to identify, classify and define elements of knowledge for teaching. In mathematics education, the Learning Mathematics for Teaching [LMT] Project at the University of Michigan has made substantial contribution towards identifying and defining the type of knowledge necessary for teaching mathematics. This knowledge is today referred to as MKT (e.g. [START_REF] Ball | What mathematical knowledge is needed for teaching mathematics[END_REF][START_REF] Hill | Effects of teachers' mathematical knowledge for teaching on student achievement[END_REF][START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF][START_REF] Hill | Effects of teachers' mathematical knowledge for teaching on student achievement[END_REF]. The LMT Project has shown that general mathematics ability does not entirely adjudge the knowledge and skills for effective teaching of mathematics. Ball and colleagues have also defined a special type of knowledge needed by mathematics teachers that is specific, distinct from pedagogy and knowledge of students, and not needed in other professional settings [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF][START_REF] Hill | Effects of teachers' mathematical knowledge for teaching on student achievement[END_REF]. This is because the tasks of teaching mathematics require knowledge beyond ability to confidently perform algorithms [START_REF] Ball | What mathematical knowledge is needed for teaching mathematics[END_REF][START_REF] Hill | Effects of teachers' mathematical knowledge for teaching on student achievement[END_REF]. They argue that teaching mathematics demands of teachers to be able to, apart from thinking pedagogically, fragment mathematical reasoning which is not needed by other professions that use mathematics [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF]. This mathematical knowledge and skill unique to teaching is, in their view, specialized content knowledge (SCK). Conversely, common content knowledge (CCK) is the knowledge which enables an individual to succeed mathematically in terms of "being able to do particular calculations, knowing the definition of a concept, or making a simple representation" (Thames & Ball, 2010, p. 223) and is the knowledge also needed in other professions.

It is our considered view therefore that for the IPTE programme to prepare pre-service teachers for quality mathematic teaching, the programme must offer the teachers opportunities to develop their mathematical knowledge for teaching, among other things, because "improving the mathematics learning of every child depends on making central the learning opportunities of our teachers," (Ball, 2003, p. 9). The programme must embrace deliberate implementation approaches that develop SCK, in addition to CCK, of pre-service teachers within the teacher education cycle.

Design and methodology

The study examined whether pre-service teachers' knowledge for teaching number concepts and operations improved after completing two terms (about 6 months) of their initial teacher education in a pre-test-post-test design. Mathematical knowledge for teaching was examined using measures that were adapted from the LMT measures. The measures were piloted using a different group of preservice teachers a year prior to the current study (Kasoka, Kazima, & Jakobsen, 2016).

Sample

Pre-service primary teachers were sampled from all the eight public teacher education colleges in Malawi. Only one of the colleges is a single-sex institution. The recruitment and posting of the student teachers to the colleges is centrally done by the MoEST. For the purpose of this study, we identify the colleges as C1 to C8. The pre-service teachers enrolled into the IPTE programme in September 2015 and had covered number concepts and operations in term one that runs from September to December of an academic year. The pre-service teachers had learnt how to teach number concepts and operations by the end of term one. Table 1 shows the composition of the sample. The instrument

Age/Gender

For this study, we used adapted MKT measures for number concepts and operations from the LMT measures (see [START_REF] Kasoka | Adaptation of mathematical knowledge for teaching number concepts and operations measures for use in Malawi[END_REF]. We used the previously validated measures to design an instrument comprising of two forms, namely Form A and Form B. The forms that we designed were intended to specifically measure the pre-service teachers' CCK and SCK of number concepts and operations. The final version of the instrument we administered had 67 items distributed between Form A and Form B. Form A had 38 items while Form B had 35 items. The two forms had six anchoring items.

Data collection and scoring

The first set of data was collected from the pre-service teachers in the third week (September 28 -October 2, 2015) of term one. The forms were re-administered during the second week (May 16 -20, 2016) of the third term. Although number concepts and operations are covered in the first two terms, we deliberately collected post-test data at the beginning of term three so as to avoid the pre-test directly affected the post-test. We also noted that there are instances where first term material spills to term two due to some unforeseen circumstances in the colleges. To minimize the test-retest effect further, we swap the forms among the colleges such that the pre-service teachers that took Form A on pre-test, took Form B on post-test and vice versa.

The administration of the forms took place on different days of the same weeks as it was not possible for us to cover all the eight colleges on a single day. Each of the two forms was administered in four colleges. Permission to administer the forms was sort from college management prior to travelling to each college. The pre-service teachers completed the forms during class times without any personal incentives. However, they were briefed about the study and its objectives hence they participated willingly. The participants were allowed to work on the forms for a maximum period of 90 minutes. We had more than 1,700 preservice teachers at each administration. However due to other logistical hiccups, we have only been able to pair pre and post-test scores for 725 pre-service teachers. Hence the sample size, n = 725. It must be noted that some participants who took the pre-test dropped out of college before the post-test and some participants who took the post-test reported to college late. These missed the pre-test. Table 1 shows the number of pre-service teachers whose scores we have paired so far.

The two tests were scored simultaneously using an item response theory (IRT) software, BILOG-MG. IRT was chosen because of its robustness in analysis of item level data to measure interindividual variation. For [START_REF] Hambleton | Item response theory: Principles and applications[END_REF], rich item level information extracted through IRT offers many advantages over classical test theory (CTT). Each of the pre-service teachers got a pair of IRT scores placing them along a standardized ability scale with mean of 0 and standard deviation of 1. The IRT scores were then entered into IBM-SPSS for further analysis.

Statistical analysis

Pre-test scores were used to calculate Cronbach's alphas to test internal reliability of the test. Form A appeared to have a good internal consistence, 𝛼 = 0.733 [START_REF] Pallant | Trends in achievement levels of grade 6 learners in Malawi[END_REF]. All the 38 items seemed worthy retaining since the greatest increase in alpha was only .002 after deleting either item FA8 or FA13. Form B had a lower reliability, 𝛼 = 0.656 and none of the item deletion increased the alpha value significant. To examine the change in mathematical knowledge for teaching between pre-test and post-test, a dependent samples t-test was used to compare means of the tests for all the colleges, and within each college. We also compared knowledge growth among the pre-service teacher in the eight colleges using one way analysis of variance (ANOVA). To achieve this, a new score we called knowledge growth was obtained for each participating teacher by calculating the differences between post-test and pre-test scores. ANOVA of the new scores was then carried out. Levene's test confirmed the assumption of homogenous variances, F(7, 717) = 2.273, p = .049. 

Results and discussion

A dependent samples t-test was carried out to test the hypothesis that the pre-IPTE mean (M = .048, SD = .833) and post-IPTE mean (M = .960, SD = 1.044) of mathematical knowledge for teaching are the same. Before conducting the test, the assumption of normality for the distribution was ascertain using Q-Q plots. We also observed that there was a significant correlation between pre and post-test scores (r = .544, p < .001). This suggests that a pre-service teacher with a high mathematical knowledge for teaching at pre-IPTE was more likely to have a high mathematical knowledge for teaching at post-IPTE. The two assumptions support our use of dependent samples t-test. Dependent samples t-test returned t(724) = -.808, p = .419 showing that the test was not significant. We therefore failed to reject the null hypothesis and concluded that the teachers' knowledge means before and after teacher education were not significantly different. We also carried dependent samples t-tests to test the null hypothesis using knowledge scores for each college. The results are summarized in Table 2.

Teachers' understanding of number concepts and operations is critical to quality teaching of primary mathematics [START_REF] Hill | Effects of teachers' mathematical knowledge for teaching on student achievement[END_REF][START_REF] Ma | Knowing and teaching elementary mathematics: Teacher's understanding of fundamental mathematics in China and the United States[END_REF]. The poor achievement in primary mathematics and misconceptions are attributed to misunderstanding surrounding number concepts and operations, including counting, ordering, order of operations, associativity, commutativity, and fractions (e.g. [START_REF] Brombacher | Malawi early grades mathematics assessment (EGMA): National baseline report 2010[END_REF]. It is critical that pre-service teachers understand and competently use basic number concepts and operations properties for them to effectively teach mathematics (MIE, 2008).

The items used in this study were purposively selected to address specific aspects of number concepts and operations that can be considered prerequisite for the learning of school mathematics beyond literacy level. The items examined pre-service teachers' knowledge of whole number operations, subtraction of integers, representation and operations of fractions, decimal representations, prime numbers, and the order of operations. The results of data analysis show that pre-service teachers' knowledge for teaching these essential aspects of mathematics did not improve as a consequence of the participants undergoing teacher education. Similar results are observed from analysis of data from seven individual colleges. These results are surprising and not encouraging since the IPTE programme was developed on the premise of setting the foundations for formal schooling. However, at college level, we observe that mathematical knowledge for teaching number concepts and operations significantly improved among pre-service teachers from college C2.

We noted that the IPTE programme has some effect on pre-service teachers' mathematical knowledge for teaching. However, the effect varied among the colleges. ANOVA test was conducted to understand how the IPTE programme affected mathematical knowledge for teaching growth of preservice teachers across the colleges. The ANOVA analysis yielded insignificant results (F(7) = 1.808, p = .085). This result shows that the means of knowledge growth were not statistically different among the eight colleges.

Implications

The IPTE programme should include aspects related to mathematical knowledge for teaching. These may include use of non-traditional lesson design, improved quality of activities, and classroom engagements of pre-service teachers during their college based education. This study suggests that mathematics teacher educators in teacher education colleges in Malawi ought to understand what mathematical knowledge for teaching is, why it is important, and how they can enhance its development among pre-service teachers. These results encourage teacher educators to network among themselves to learn from each other. The study found that one college had improved MKT. The other colleges can therefore learn from this college.

The significant growth of MKT for college C2 supports the notion that MKT can be developed and enhanced during pre-service teacher education. Mathematics educators in education colleges are encouraged to blend content, pedagogy and practice to develop pre-service teachers CCK and SCK simultaneously. However, the determination of what exactly went on at college C2 to improve MKT is beyond the scope of the current study but a possible direction for future research.

The result also point to pre-service teachers' very poor understanding of basic mathematics and hence their mathematics background. This may have explained the low levels of mathematical knowledge students had on pre-test and the inability for the knowledge to grow in six months. IPTE's minimum entry requirements for mathematics teachers may need to be revised. Currently, all pre-services primary teachers study mathematics in college and are expected to teach mathematics on completion.

More research is required to identify, understand, and replicate variables affecting growth of mathematical knowledge for teaching in the Malawi context. Although this study is unique in that it implemented MKT measures on multiple colleges and compared knowledge growth, it was limited to MKT growth. There is need to clearly understand how this knowledge is developed and can be enhanced in Malawi. As we continue to make further attempts of pairing pre-test and post-test scores so as to increase our sample and understand how the current results would be affected, the study has been able show that growth in MKT is possible within the settings of the IPTE.

Conclusion

As more and more research reports highlight poor achievement in primary mathematics in Malawi [START_REF] Brombacher | Malawi early grades mathematics assessment (EGMA): National baseline report 2010[END_REF]SACMEQ, 2010;World Bank, 2010), it is necessary to assess how teachers are prepared under the IPTE programme to teach mathematics. Research suggests that for student teachers to succeed in their profession, they must have sufficient mathematical knowledge for teaching mathematics. Research has also illustrated that student learning and achievement can be affected by teachers' knowledge for teaching and that this knowledge can be assessed [START_REF] Hill | Effects of teachers' mathematical knowledge for teaching on student achievement[END_REF]. According to the framework suggested by the LMT Project, mathematical knowledge for teaching consists of mathematical content knowledge specific to the needs of task of teaching (SCK) over and above what is considered common for other professionals (CCK) [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF][START_REF] Thames | What math knowledge does teaching require?[END_REF]. Therefore, our teacher education programme can meaningfully prepare teachers by ensuring that the pre-service teachers are provided with opportunities to develop both CCK and SCK.

We can therefore argue that by assessing student teachers' knowledge for teaching mathematics, we can identify possible gaps that need to be addressed as a contribution towards the provision of quality mathematics teacher education in Malawi.

The current study found that pre-service primary school teachers' MKT did not improve after undergoing IPTE programme. We expected that students' MKT to positively change post-IPTE. However, mathematical knowledge for teaching for students from one college, C2, improved significantly relatively to its pre-test average but not to other colleges.

While the study findings are discouraging, they suggest the need for a review of the IPTE curriculum and its implementation so that it improves pre-service teachers' Mathematical knowledge for teaching

Table 1 : Pre-service teachers numbers by college
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					Teacher college			Total
		C1 C2 C3 C4 C5 C6 C7 C8	
	<21 years	49	65	36	26	28	42	18	20	284
	21 -25	75	81	53	16	34	52	20	16	347
	26 -30	13	12	15	3	6	11	2	3	65
	>30 years	9	8	0	0	3	3	4	2	29
	Female	84	94	22	45	25	57	17	19	363
	Male	62	72	82	0	46	51	27	22	362

Table 2 : Summary of t-test results
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