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ABSTRACT: This study aims to present a synthesis of empirical studies conducted in Turkey on pre- and in-service
math teachers’ knowledge and to recapitulate the existing conceptualization in this particular line of research in the
local context. Considering the interwoven and sophisticated nature of teachers’ knowledge (Seidel & Shavelson,
2007), it sets out to enhance the understanding on what constitutes and should constitute these math teachers’
knowledge by discovering the frequently studied research strands in the literature. To this end, this paper reviews 25
empirical research studies identified through Academic Search Complete, Education Source, ERIC, Humanities
International Complete, ULAKBIM, and Google Scholar databases. Thematic analysis revealed two majorly studied
strands in the field: (a) studies that identify teachers’ knowledge levels in terms of certain mathematical concepts, and
(b) studies that try to develop math teachers’ knowledge through workshops, courses, and programs particularly
designed to reach specific objectives. In addition, majority of research was seen to be carried out with pre-service
teachers (N = 21); and qualitative methodology was the most commonly consulted research design (N = 22). With its
findings, this study bears the potential to direct future research and contribute to pre-service mathematics teacher
education programs and in-service trainings.

Keywords: math teachers’ knowledge, content knowledge, pedagogical content knowledge, meta-synthesis

OZ: Bu calismanin amaci matematik 6gretmenlerinin ve 6gretmen adaylarmin bilgileri iizerine yapilnus veriye dayali
aragtirmalarin bir meta-sentezini sunarak konu ile ilgili Tiirkiye baglamindaki kavramsal altyapinin bulundugu noktay1
belirlemektir. Ogretmen bilgisi kavraminin i¢ ice gecmis ve karmasik yapisi diisiiniildiigiinde (Seidel & Shavelson,
2007) bu arastirma, sozii gegen 6gretmenlerin bilgi yapilarininTiirk arastirmacilarca hangi boyutlariyla ele alindigini
ortaya koymasi ve hangi alanlarda arastirmaya ihtiyag duyuldugunu gostermesi bakimlarindan ulusal alan yazina
katkida bulunmay1 hedeflemektedir. Bu amaca ulagmak iizere ¢aligsma, Academic Search Complete, Education Source,
ERIC, Humanities International Complete, ULAKBIM ve Google Scholar veri tabanlar1 kullanilarak erisilen ve
konuyla dogrudan baglantili olan 25 arastirma makalesinin bir incelemesini sunmaktadir. Yapilan tematik analiz,
Tiirkiye’de yiiriitilmiis olan ¢aligmalarin iki boyutta yogunlastigin1 gostermistir: (a) Matematik 6gretmenlerinin ve
ogretmen adaylarmin belli matematiksel kavrama dair bilgi diizeylerinin belirlendigi ¢alismalar ve (b) katilimcilarin
matematik bilgisini diizenlenen egitim programlari, ¢alistaylar ve gelistirilen dersler yoluyla gelistirmeyi hedefleyen
caligmalar. Bunun yami sira, incelenen arastirmalarin biiyiik bir boliimiiniin 6gretmen adaylan ile gergeklestirildigi
(N=21) ve arastirma deseni olarak ¢ogunlukla nitel yontemin izlendigi (N=22) de ¢aligmanin bulgulari arasindadir.
Sundugu ve tartisti1 verilerle bu ¢alismanin gelecekteki arastirmalara 11k tutmasi ve 6gretmen yetistirme programlari
ile hizmet-igi egitime bilgi saglamasi bakimindan faydali olacag: diistiniilmektedir.

Anahtar sozciikler: matematik 6gretmenlerinin bilgisi, alan bilgisi, pedagojik alan bilgisi, meta-sentez

1. INTRODUCTION

Having roots in as early as almost one and a half centuries, although its theoretical lineage
dates farther back in time, teacher component of the corps of teaching has been the subject of
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various studies under several headings as process-product, teacher effectiveness, and teacher
behavior research (Shulman, 1986). This interest mainly derives its strength from the premise
that a teacher’s knowledge, widely embraced type being the command of the subject matter, is
tightly germane to the achievement of his or her students.

As a result, be it through the 70s marked by industrialization which brought the
prioritization of subject matter while ignoring pedagogy or the contrary arguments of 80s that
discarded content knowledge due to being absorbed by pedagogical concerns (Shulman, 1986),
the constituents of teachers’ knowledge in all its parts have been entertained by curriculum
scholars. Despite the post facto evidence showing that no one teacher characteristic alone
verifies to have a direct and consistent impact on student success, early research appeared to
profoundly concentrate on the domains of teacher knowledge seeking to discover the sets of
knowledge, skills and personality traits of effective teachers (Medley, 1979). Thus, the research
base for identifying what makes effective teaching effective and its connection to teacher
characteristics has become fairly thick. Ball (1991) identifies this primal stage as the first phase
of research on teachers, followed by second chapter studies aspiring to discover an association
between teachers’ actions and student learning, also known as the process-product research, and
by a third and most recent trend to gain an insight into teacher thinking latently or explicitly
operating in the background. Therefore, a shift has been observed in the research history on
teachers from studies investigating what teachers are, to what they do, and finally to what they
think.

In return, this accumulated lore in the literature lent itself to diverse categorizations of
teachers’ knowledge. The most acknowledged of all has been proposed by Shulman (1987)
encompassing seven categories as (1) content knowledge, (2) general pedagogical knowledge,
(3) curriculum knowledge, (4) pedagogical content knowledge, (5) knowledge of learners and
their characteristics, (6) knowledge of educational contexts, and (7) knowledge of educational
ends, purposes and values. These scholarly remarks parented a number of studies constituting
the current corpus of research on teacher knowledge. These can roughly be labelled as studies (a)
identifying the amount of knowledge teachers possess, (b) studies investigating the effect of
teachers’ knowledge on student achievement, (c) studies making novice-expert comparisons, and
(d) studies relating teachers’ knowledge to pre-service teacher education programs.

The nature of research in the field of mathematics education is also reported to evolve in a
similar fashion. In terms of studies on subject matter knowledge in mathematics, researchers
appear to have split into two sects, one interested in teachers’ conceptions of beliefs about
mathematics, the other focusing on teachers’ understanding of mathematical concepts and
procedures (Ball, 1991). The second focus resulted in construction of several quantitative and
qualitative research studies. Baumert et al. (2009) suggests that while studies with guantitative
methodology examine more distal indicators as teacher certification status and mathematics
coursework completed, the qualitative line investigates teachers’ conceptions of the content to be
taught. It is further manifested that the quantitative track of research presents relation of
teachers’ test scores in national exams assessing content knowledge and number of mathematics
courses they have been exposed to in pre-service training to student gains, whereas qualitative
studies provide in-depth information on of teachers’ conceptual understanding of the subject and
its reflections on their professional practice in terms of the variety and breadth of teaching
methods they implement in their classrooms. In terms of mostly utilized data collection
techniques, early research was observed to make frequent use of questionnaires but later the field
inclined to include interviews and observations; orienting from the quantitative to a more
qualitative perspective (Ponte & Chapman, 2006).
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On another account, the literature on mathematics characterizes math teachers’ intellectual
resources under four titles: (a) teachers’ knowledge of mathematics, (b) teachers’ knowledge of
mathematics teaching, (c) teachers’ beliefs and conceptions, and (d) teachers’ practice (Ponte &
Chapman, 2006). Within the scope of the present study, the initial two categories will be
discussed since the latter two are inclined towards teachers’ implicit theories and professional
practices which tend to interact with a variety of factors.

In this sense, Ponte and Chapman (2006) and Ponte and Chapman (2008) reviews showed
that the international body of research under the category of teachers’ mathematics knowledge
shows that pre- and in-service teachers lack ample conceptual and pedagogical knowledge of
fundamental concepts, and their knowledge is heavily influenced by behavioral models. Also,
the connection between teachers’ procedural and conceptual knowledge was found to be weak,
making a strong emphasis on procedures than representing enhanced understandings of concepts.
Even in cases where they hold sound conceptual understanding, they appear not to know how to
associate it with and embed it into practice. Since teachers’ content and pedagogical practices are
associated outcomes of their knowledge, these remarks are significant in giving hints about how
student learning might be affected from knowledge teachers hold.

Likewise, international studies on teachers’ knowledge of mathematics teaching, also
known as pedagogical content knowledge, demonstrate that teachers fail to enhance student
learning by connecting the mathematical concepts to one another that already are interconnected
by nature; they teach fractions and decimals as separate subjects without stressing common
features and connections. They appear not to be aware of the difficulties students experience in
the learning process and they also lack understanding of how to deal with misconceptions where
which frequently are labeled as incorrect and left there. Finally, studies making novice-expert
teacher comparisons demonstrate a strong connection between planning and teaching and reveal
that expertise in teaching practice enables teachers to prioritize classrooms’ emergent needs into
consideration rather than sticking to the blue print plans like the novice do in the initial years of
practice.

Yet, pre-service and professional development opportunities designed are stated to rather
have focused on “developing teachers’ knowledge of and skill in understanding students’
mathematical work and thinking” (Hill, Ball, & Shilling, 2008, p. 373), concentrating on narrow
content areas and sparing a small room for research linking pedagogical knowledge to
mathematical outcomes of the students. Moreover, Hill et al. (2008) propose that although
teachers” pedagogical content knowledge, knowledge of the content and students’
learning/thinking processes are exceptionally significant matters, research remains to lack
enough specification in breadth and relation of these matters to student outcomes is not
evidenced. Additionally, to the best of our knowledge, there also exist only a scarce number of
studies thoroughly investigating the relationship between pre-service teacher education programs
and math teachers’ knowledge.

Having presented the landscape of research on math teachers’ knowledge in the
international arena, the present study makes an effort to draw a corresponding picture of the
national literature through meta-synthesizing research studies conducted in Turkey, which is
identified to be missing in the literature. While realizing this aim, this study tries to bridge the
nexus between national and international context to accommodate the former into the outlined
framework of the latter.

2. METHOD
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Since this research is designed as a qualitative meta-synthesis study, it aims to account for
all important similarities and differences in the target concept (Sandelowski, Docherty, &
Emden, 1997), i.e. math teachers’ knowledge, by peeling “multi-layered contexts to reveal
generative processes of phenomena not glimpsed in standalone studies” (Walsh & Downe, 2004,
p. 205).

To address this concern, a literature search seeking to reach the available research
conducted in the Turkish context in reference to pre- and in-service math teachers’ knowledge
was conducted through a search of Academic Search Complete (EBSCO), Education Source,
Education Resources Information Center (ERIC), Humanities International Complete,
ULAKBIM, and Google Scholar databases. No year limitation has been applied as the
specificity of the subject and its relative currency would render it harder to yield ample number
of hits for the Turkish literature. The keywords used included: teacher knowledge, content
knowledge, subject matter knowledge, pedagogical content knowledge, effect of teacher
knowledge, as well as their Turkish equivalents. All empirical research studies related to math
teachers’ knowledge -except for unpublished theses- have been included in the review.
Reference lists of the identified studies have also been checked to reach further research
conducted in the field. These efforts resulted in a final number of 25 empirical research studies.

To identify common themes and patterns present in the Turkish literature on math
teachers’ knowledge, qualitative thematic analysis has been employed. The research studies have
been coded and thematized in terms of their year of publication, research design, sample
characteristics, and finally their scope and findings. The themes have then been categorized to
correspond to the international framework and the results have been synthesized to inform
research and practice. Table 1 summarizes the thematic categorization of the reviewed studies.

3. FINDINGS

The meta-synthesis of 25 studies firstly indicated that the Turkish body of research on
math teachers’ knowledge was quite young spurting only in the last decade, with the oldest study
published in 2005. It has also been noted that pre-service teachers took part in vast majority of
studies (N = 21), while there are 2 studies conducted with in-service teachers and 2 studies
sampled both pre- and in-service teachers. Moreover, research employing qualitative
methodology (N = 22) appeared to outweigh the quantitative (N = 2) and mixed method (N = 1)
studies. As a result of the dominance of qualitative research designs, frequently utilized data
collection tools have been observation, interview, document analysis, and questionnaires with
open-ended questions.

When the Turkish literature was examined in depth in terms of the scope and findings of
these studies, two research strands were observed to emerge: (1) Studies examining the level of
knowledge participants hold in certain subject matter areas, and (2) studies investigating the
development of their knowledge through designed programs, workshops, and courses. For the
level of knowledge, 17 studies mainly paid attention to math teachers’ and teacher candidates’
command of certain specific mathematical concepts such as radian, fractions, patterns, 3D
objects, and integrals (CK) as well as to their ability to transfer subject matter knowledge into
pedagogical situations (PCK). Eight studies, on the other hand, were interested in developing
math teachers’ knowledge, particularly pedagogical content knowledge, through programs and
professional development opportunities.
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Table 1: Thematic analysis of the reviewed studies on math teachers’ knowledge

Study

Methodology Participants

Knowledge type

Scope of measurement

Akkaya, Akkog, Bingolbali,
& Ozmantar (2009)

Akkog & Yesildere (2010)
Akkog (2008)
Akkog (2011)
Akkog (2012)

Akkog, Ugurlu, Ozmantar, &
Bingslbali (2009)

Altayli et al. (2014)
Arslan & Ozpinar (2010)
Bagtiirk & Donmez (2011)
Bagstiirk (2009)

Bozkurt and Kog (2012)

Cakmak, Konyalioglu, & Isik
(2014)

Gokkurt, Sahin, & Soylu
(2012)

Sahin, Erdem, Bagibiiyiik,
Gokkurt, & Soylu (2014)

Tanigh (2013)
Toluk-Ugar (2011)

Topeu, Kertil, Akkog,
Yilmaz, & Onder (2006)

Tirniikli & Yesildere (2007)
Tiirnitikli (2005)

Ugurlu & Akkog (2011)
Ulusoy & Cakiroglu (2013)
Yesildere & Akkog (2010)
Yesildere & Akkog (2011)
Yesildere (2007)

Yesildere-imre & Akkog
(2012)

Qualitative Pre-service
Qualitative Pre-service
Qualitative Pre-service
Qualitative Pre-service
Qualitative Pre-service
Qualitative Pre-service
Qualitative Pre-service
Qualitative Pre-service
Mixed Pre-service
Qualitative Pre-service
Qualitative Pre-service
Qualitative Pre-service
Qualitative In-service

Quantitative sperf\;iigd in-
Qualitative Pre-service
Qualitative Pre-service
Qualitative sperf\;iigd in-
Qualitative Pre-service
Quantitative  Pre-service
Qualitative Pre-service
Qualitative In-service

Qualitative Pre-service
Qualitative Pre-service
Qualitative Pre-service
Qualitative Pre-service

PCK

PCK

CK

PCK

PCK

CK and PCK

CK and PCK

PCK

PCK

PCK

CK

CK

CKand PCK

PCK

PCK

CK

CK

CK and PCK

CK and PCK

PCK

CK

PCK

CK

CK

PCK

Knowledge development

Knowledge development
Knowledge level
Knowledge development

Knowledge development
Knowledge development

Knowledge level
Knowledge level
Knowledge level
Knowledge level

Knowledge level

Knowledge level

Knowledge level

Knowledge development

Knowledge level

Knowledge level
Knowledge level

Knowledge level
Knowledge level
Knowledge development
Knowledge level
Knowledge level
Knowledge level

Knowledge level

Knowledge development
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3.1. Level of Knowledge in Mathematics

The studies in this range provided an understanding the competence of pre- and in-service
math teachers in terms of their command of the subject matter (Akkog, 2008; Bozkurt & Kog,
2012; Cakmak, Konyalioglu, & Isik, 2014; Toluk-Ugar, 2011; Topgu, Kertil, Akkog, Yilmaz, &
Onder, 2006; Ulusoy & Cakiroglu, 2013; Yesildere, 2007; Yesildere & Akkog, 2011), as well as
the adequacy of their pedagogical content knowledge essential to teach these subjects (Arslan &
Ozpnar, 2010; Bastiirk, 2009; Bastiirk & Doénmez, 2011; Tanish, 2013; Yesildere & Akkog,
2010). Additionally the studies of Altayli, Konyalioglu, Hizarci, and Kaplan (2014), Gokkurt,
Sahin, and Soylu (2012), Tiirniikli (2005), and Tirniikli & Yesildere (2007) combined the level
of CK and PCK mastery and tried to explore the correlation in between.

The studies investigating subject matter related knowledge showed that pre-service
teachers had difficulty in elucidating mathematical concepts and the underlying theories behind
these concepts, especially when they were asked to offer instructional explanations about them
(Toluk-Ugar, 2011). To illustrate, Ulusoy and Cakiroglu (2013) revealed that many among the 6
in-service teachers in their study held certain misconceptions in and could not make meaningful
interpretations about histograms where they failed to provide satisfactory explanations about the
concept. Correspondingly, in their studies on teacher’s concept images of radian, both Akkog
(2008) with 6 pre-service, and Topgu et al. (2006) with 1 pre- and 1 in-service teachers found
that the participants were challenged by the task of explaining trigonometric functions as a result
of subject matter knowledge inadequacy. Most of the participants related radian to the concept
of degree which, in fact, is fundamentally related to the real numbers concept. The authors
stressed the potential negative impact of these misconceptions on their pedagogical knowledge
and practices underlining the teacher education programs as places to overcome these difficulties
as early as possible (Akkog, 2008). Consistent results have also been obtained for the concept of
linear and nonlinear shape patterns where 145 pre-service teachers apparently experienced
difficulty in analytically identifying and generalizing the given patterns (Yesildere & Akkog,
2011).

The correct use of mathematical terminology in teaching has also been cited as an
important indicator of teachers’ content knowledge. In this line, it is found that approximately
half of 120 teacher candidates were not able to use a correct mathematical language in their
teaching. This finding was supported by the content analysis of teacher candidates’ responses to
15 open-ended questions, demonstrating that prospective teachers had hard time using correct
mathematical terminology, which, by the authors, was linked to their lack of knowledge on basic
mathematical concepts (Yesildere, 2007). Similarly, Bozkurt and Kog¢ (2012) found that more
than one third of 158 pre-service teachers failed to make a correct definition of prism, which
again has been linked to the lack of knowledge of the concept of prism and of appropriate
mathematical language. Both in this study and that of Cakmak, Konyalioglu, and Isik (2014),
apart from the incorrect definitions they provided, pre-service teachers did not thoroughly
consider the specific properties of a prism and suggested broad definitions as “3D objects with a
certain amount of volume” which also apply to pyramids and spheres.

Yet, the studies on mathematics teachers’ pedagogical content knowledge revealed that
despite the expressed confidence in their command of the curriculum, in-depth investigations of
pre-service teachers’ PCK levels unearthed lack of insight with respect to a variety of
instructional tools and insights that are to be consulted in professional practice. Just as in the
case of content knowledge, teachers and teacher candidates also were reported to fail to
demonstrate the link between subject matter knowledge and practice (Arslan & Ozpinar, 2010).
In these terms, pre-service teachers were found to experience difficulty in making learning
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meaningful for the learners in the concept of patterns (Yesildere & Akkog, 2010); and apart from
making use of sense-making strategies, student teachers’ implementations of subject matter
teaching were not seen to go beyond traditional and behaviorist methods (Bastiirk, 2009). Even
in the cases where pre-service teachers reported constructivist beliefs on the assessment of
student learning, they tended to implement an outcome-oriented methodology due to their
limited knowledge of constructivist assessment procedures and their dominant experience with
and knowledge of traditional tools such as written and oral exams (Bastiirk & Dénmez, 2011).
The situation was no different for the case of in-service teachers. They were also observed to
favor memorization of mathematical rules rather than promoting in-depth and conceptual
understanding of bases underlying those mathematical concepts (Bastiirk & Donmez, 2011).

Cited as an important indicator of teachers’ PCK, the ways candidate teachers dealt with
student misconceptions were found inadequate and they were reported to perceive learner
misconceptions as problems that need immediate action to be resolved and eliminated instead of
using them as a means for learning (Bastiirk, 2009). When asked to develop ways to deal with
these misconceptions, they also failed to produce alternative solutions to remedy them (Bastiirk,
2009) or to provide sufficient instructional explanations to correct these errors. Questioning
skills of math teachers, which appears as another strand of PCK, have also been studied in the
literature. In her study, Tamigh (2013) found pre-service teachers inadequate in making
appropriate use of questioning strategies suggesting that they tended to direct learners’ responses
to the correct answer or instantly began to use direct instruction technique rather than posing
guestions to understand learner conceptions and evaluate these conceptions.

Studies that investigated both CK and PCK reported congruent findings with the two
separate strands mentioned above. In a particular sense, in the first phase of their study, Altayl
et al. (2014) found that the majority of 138 teacher candidates perceived themselves moderately
competent in terms of content knowledge and teaching experience in 3D objects, while they have
been almost evenly distributed among competent, moderately competent, and not competent
when they were asked to rate their pedagogical content knowledge and their levels of readiness
to implement the curriculum. More critically, when the researchers wanted the participants to
make a distinction among square prism and cube, as well as among oblique and right prisms,
certain misconceptions have been identified. When they were further asked about frustocone and
frustopyramide, majority of the candidates were observed to be unaware of these particular
terminologies. Moreover, given a cone’s open form, a considerable number of respondents
replied that in order to have a conical form, the shape had to have a triangular form indicating a
clear misconception. When their pedagogical content knowledge was analyzed through the
strategies they offered to eliminate learners’ mistakes on 3D objects, they were observed to hold
misconceptions and inadequate learning on the subject and more importantly transposed these
conceptions to the learners.

Gokkurt et al. (2012), Tirniikli (2005), and Tiirniiklii and Yesildere (2007) further
confirmed the strong tie between teachers’ CK and PCK, where majority of the participants
failed to show mastery on neither one of the two domains. Among the instructional explanations
41 in-service teachers provided for a number of mathematical concepts, only a small number
qualified to be adequate in Gokkurt et al.(2012) study; and among those that qualified to provide
adequate explanations, only a few could demonstrate sufficient pedagogical approach to teach
that particular subject matter. On a quantitative account, Tiirniiklii (2005) revealed a correlation
between pre-service teachers’ PCK scores out of the proposed problems and the grades obtained
from Math courses in their teacher education programs. However, similar to Gokkurt et al.
(2012)’s findings, not all who held higher grades in Math scored high on the PCK test; while
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those with low CK also scored low on PCK.. All three studies concluded although CK is a
prerequisite for PCK, it still is not enough to ensure appropriate practice.

3.2. Development of mathematical knowledge

The national literature also tried to identify the development of domains of pre- and in-
service teachers” mathematical knowledge through designated programs constructed by the
researchers (Akkaya, Akkog, Bingdlbali & Ozmantar, 2009; Akkog, 2011; Akkog, 2012; Akkog,
Ugurlu, Ozmantar & Bingdlbali, 2009; Akko¢ & Yesildere, 2010; Ugurlu & Akkog, 2011;
Yesildere-imre & Akkog, 2012); along with one study investigating prospective teachers’
development of PCK throughout the teacher education program (Sahin, Erdem, Basibiiyiik,
Gokkurt, & Soylu, 2014).

The studies in this strand have shown that the programs, trainings, and workshops
specifically designed to improve teachers’ content and pedagogical content knowledge made
important positive contributions to the participants’ mathematical content and pedagogical
knowledge repertoires.

To illustrate, the study of Akkaya et al. (2009) aimed at contributing to math teachers’
PCK with reference to difficulties students experience in learning. While the pre-service teachers
did not consider the potential mistakes pupils may make in their lesson plans prior to the
workshop, after the training their awareness and consciousness were reflected in post-lesson
plans. With a specific focus on technological pedagogical content knowledge, pre-service
teachers’ integration of technology into their micro-teaching lessons was also observed to
significantly increase after the program offering ways to incorporate software in explaining the
concept of radian (Akkog, 2011).

Assessment of student learning was yet another pedagogical content knowledge
component addressed in the study of Akko¢ (2012). Through the program designed in this
research, student teachers were found to acquire a variety of assessment methods including
technology-assisted tools which affected the choices they made in their micro-teaching
experiences and lesson plans.

Similarly, in another study (Akkog, Ugurlu, Ozmantar & Bingdlbali, 2009), student
teachers’ conceptions of summative and formative assessment and the way they utilize them in
their teaching were assessed. The findings of their research suggest that beforehand, the
participants relied heavily on summative assessment techniques but through the workshop, they
gained awareness on the formative means to assess pupil learning and to improve their teaching.
Yet, as Ugurlu & Akkog (2011) found in another study, prior to the program they designed,
majority of the participants did not regard assessment and evaluation as an integral element of
learning and they did not consider that results of their assessments could be used to improve
their lessons. In the end, there has been a decrease in the number of candidate teachers who
viewed evaluation as a separate endeavor from learning and as an outcome-oriented process.

There have also been studies relating teacher knowledge to specific courses in teacher
education programs. To exemplify, Akkog¢ and Yesildere (2010) and Yesildere-imre and Akkog
(2012) looked at the impact of a field experience course on student teachers’ knowledge. These
studies suggested that participants demonstrated significant improvements in terms of
understanding and making use of pupil difficulties in teaching through their observations of
classroom situations. They also gained insight to several instructional strategies for teaching
number patterns. Similarly, Sahin et al. (2014) demonstrated teacher candidates’ progress
through their teacher education programs into the profession of teaching. However evaluated
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cross-sectionally, the authors revealed important difference among the groups of 3rd and 4th
year pre-service and in-service teachers in terms of their knowledge of students and knowledge
of instructional strategies.

4. DISCUSSION AND RESULTS

The present study intended to portray the Turkish landscape of pre- and in-service math
teachers’ knowledge based on the meta-synthesis of 25 studies. Results showed that the national
literature started to emerge quite recently, the oldest study being conducted in 2005. This
finding is consistent with the remark that teacher knowledge and its development is yet being
understood by scholars of teaching and teacher education (Munby et al., 2001).The fact that
qualitative studies composed the majority of the data source also shared a common ground with
the international observations that the last chapter of research is studied mostly qualitatively
(Ponte & Chapman, 2006) due to the shift of paradigms in social research from a quantitative to
a more qualitative perspective.

Yet, the majority of participants were seen to be composed of pre-service teachers.
Although studying pre-service teacher learning is significant to transform them into competent
teachers by amending the apparent problems with teacher education programs, it still leaves a
room for identifying the knowledge of practicing teachers. Researchers in the field are therefore
suggested to conduct studies on in-service math teachers’ knowledge domains as the literature
has long proven the tight link between teachers’ professional knowledge and student
achievement (Hill, Rowan, & Ball, 2005). When identified, the teaching knowledge-related
problems in-service math teachers experience in practice can be amended through appropriate
in-service trainings designed.

One of the main findings of this study is having revealed the fact that the Turkish
experience reflects only two categories of Shulman (1986): Content knowledge and pedagogical
content knowledge. On the other hand, a teacher’s knowledge of other educational elements as
student characteristics, curriculum, learning contexts and ends is also fairly significant for the
guality of teaching expertise. Research on these facets of the body of knowledge a teacher
should endorse, however, appears to be missing in the local literature. This implies a definite
need in the Turkish literature for studies that cover all domains of teachers’ knowledge in its
particularity and holism. Thus studies that will be conducted on curriculum knowledge,
knowledge of learners and their characteristics, knowledge of educational contexts, and
knowledge of educational ends, purposes and values are promising to provide a more complete
picture of the status of Turkish math teachers’ knowledge.

Furthermore, having identified the two most frequently studied research themes in Turkey
as (a) levels of math teacher’s knowledge with respect to certain mathematical concepts, and (b)
development of math teachers’ knowledge through designed programs, workshops and courses,
congruence with the international framework focus on conceptions and development has been
revealed (Baumert et al., 2009; Hill et al., 2008). However, as highlighted earlier, the Turkish
body of literature similar to the international context (Hill et al., 2008) lacks research connecting
these and other domains of teachers’ knowledge to student outcomes. Although it is far
acknowledged that teachers’ competence relates to student outcomes, empirical research that
proves this link are still needed in the local literature.

Yet, except for two studies (Gokkurt et al., 2012; Tiirniiklii, 2005), no empirical links have
been identified between teacher education programs (also measured as mathematical and/or
pedagogical coursework completed) and domains of math teachers’ knowledge. Whether or not
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teacher education programs contribute significantly to the pre-service math teachers’
competencies therefore remains to be unknown. Future studies on this strand are particularly
important since the findings of the reviewed studies so far outlined critical deficiencies of pre-
and in-service teachers in defining, explaining and teaching mathematical concepts and have
evidenced “numerous examples of a mismatch between the aims of teacher education programs
and prospective teachers’ knowledge and beliefs” (Kinach, 2002, p. 51). This very fact
undoubtedly leaves a caveat for further research to be conducted to discover how effectively
teacher education programs function as a source that contributes to the breadth of mathematics
teachers’ knowledge domains. Last but not least, except for the study of Sahin et al. (2014),
highly informative novice-expert studies also seem to be another missing part of the local puzzle
on math teachers’ knowledge. To identify the extent to which math teachers learn from practice,
i.e. the development of their knowledge domains after graduation, and the differences between
the first-year and experienced teachers may provide valuable information on how they need to be
supported to become and turn to competent professionals. The researchers in the field therefore
are suggested to make novice-expert math teacher comparisons; and alongside crossectional
studies, longitudinal research is suggested to be benefitted from to investigate the development
of a math teacher’s from the beginning pre-service years, through the novice years until
becoming an expert teacher.

Finally, as a limitation of this study, it is very well-known that teacher knowledge is not
composed merely of solid knowledge they hold but rather is a complex framework
interconnected to a variety of factors. The fact that other dynamics operating alongside teachers’
knowledge such as teachers’ implicit theories, beliefs, knowledge derived from practical
experience and reflection in action could not have been handled within teacher knowledge
oriented scope of this study. Therefore, we suggest a more elaborated and comprehensive review
that combines these dimensions and yields a more complete picture of math teachers’ knowledge
and professional practice.
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Uzun Ozet

Ogretim kavramimin dgretmen boyutunu igeren arastirmalar yaklasik yiiz elli yillik bir gegmise
sahip olup bu caligmalar siire¢-liriin, 6gretmen etkilili§i ve 6gretmen davranisi gibi basliklar altinda
kiimelenmistir (Shulman, 1986). Bu kavramsallagsmanin temel dayanagi 6gretmen bilgisi, 6zellikle de
O0gretmenin alan bilgisi ile 6grenci basarisi arasinda kuvvetli bir bag bulunduguna dair verilerdir; bu
sebeple de 6gretmen bilgisinin tiim boyutlar1 uzmanlar tarafinca aragtirmalar yoluyla detaylandirilmistir.

Ball’a (1991) gore matematik Sgretmenlerinin bilgisi (a) O0gretmenlerin matematiksel kavram
yapilar1 ve inanclart ile (b) dgretmenlerin matematiksel kavram ve stirecleri algilayislari olmak iizere iki
boyutta ¢alisilmistir. Ponte ve Chapman (2006) ise arastirmalarin (a) 6gretmenlerin matematik bilgisi, (b)
Ogretmenlerin matematik 6gretimi bilgisi, (c) dgretmenlerin inanglar1 ve kavramsallastirmalar1 ve (d)
O0gretmen uygulamalart bakimindan dort ¢izgide ¢alisildigina dikkat ¢ekmistir.

Bu ¢aligma alanlarindan 6gretmen bilgisini irdeleyen arastirmalarin bulgular1 6gretmen yetistiriciler
ve diger paydaslar i¢in olduk¢a 6nemli ipuglari tasimaktadir. Ponte ve Chapman (2006) tarafindan
Ozetlenen g¢alismalar, 6gretmen adaylarinin ve Ogretmenlerin temel matematiksel kavramlara yonelik
algilarinin ve bunlarin 6gretimine dair bilgilerinin yetersiz oldugunu ve daha ¢ok davranis¢t ve ilkel
modellerden etkilendigini gostermistir. Arastirmalarda Ogretmenlerin matematiksel siirece yonelik
uygulamalari ile kavramsal altyapilar1 arasindaki bagin yeterince giiglii olmadig1 ve kavramsal semalari
kuvvetli olsa bile bunun pratige ¢cok da yansimadigi ortaya konmusgtur. Benzer sekilde 6gretmenlerin
pedagojik bilgilerine dair bulgular 6ziinde birbirine oldukca yakin olan matematiksel kavramlarin, 6rn.
kesirler ve ondalik sistem, benzerlik veya farkliliklarina vurgu yapilmaksizin bagimsiz konular gibi
islendigi gozlemlenmistir. Ote yandan Ogretmenlerin ogrencilerin kavram yamilgilarimin  farkinda
olmadiklarini ve bunlari 6gretim i¢in bir firsat olarak gormek yerine yalnizca yanlis veya dogru cevap
kapsaminda degerlendirdikleri belirlenmistir. Deneyimli-deneyimsiz 6gretmen karsilastirmasi yapan
aragtirmalarin bulgular1 ise deneyimli 6gretmenlerin konular arasinda daha ¢ok baglanti kurduklarini ve
deneyimsiz 6gretmenler gibi plana siki sikiya bagli kalmayi tercih etmediklerini gostermistir. Hill, Ball ve
Shilling (2008) ise alandaki ¢aligmalarin daha ziyade 6gretmenlerin bilgisinin gelistirilmesine yonelik
oldugunu belirtmis ve bu bilgi ile 6grenci ¢iktilar: arasindaki baglantiy1 irdeleyen arastirmalarin azligina
dikkat ¢cekmistir.

Uluslararasi alan yazinda ortaya g¢ikan arastirma trendleri bu sekilde bigimlenirken, matematik
ogretmenlerinin bilgisi alaninda Tiirkiye’de ne tiirden bir yapilanmanin var oldugunu ortaya koymasi
bakimindan bu makale ulusal literatiiriin bir portresini ¢izmesi ve gelecek caligmalari yonlendirmesi
acisindan anlamlidir. Bu amaca ulagsmak i¢in Academic Search Complete, Education Source, Education
Resources Information Center (ERIC), Humanities International Complete, ULAKBIM ve Google Scholar
veri tabanlart kullanilmis ve matematik 6gretmenlerinin bilgileri konusunda ilgili anahtar kelimeler
girilerek 25 veriye dayali ¢alismaya ulasilmigtir. Tarama sirasinda yil smirlamasi koyulmamis olup
yalnizca basilmamis tezlere yer verilmemistir. Nitel tematik analiz yolu ile yapilan meta-Sentez sonucu
aragtirmalar basim yilina, kullanilan arastirma yontemlerine, 6rneklem &zelliklerine ve arastirilan bilgi
tirtine gore siniflandirilmigtir. Sonrasinda da arastirmalarin bulgulart uluslararast alan yazin iizerinden
yorumlanmustir.

Yapilan ilk analizler oncelikle Tiirkiye baglaminda matematik 6gretmenlerinin bilgisini irdeleyen
aragtirmalarin oldukc¢a yeni donemde ortaya ¢iktigini gostermistir. Basilan en eski ¢calismanin 2005 yilinda
oldugu diisiiniildiigiinde alanin heniiz emekleme doneminde oldugu diisiiniilebilir. Go6ze ¢arpan diger bir
bulgu arastirmalarin baskin hizmet-6ncesi 6gretmen adaylar1 ile yiritilmiis oldugudur (N = 21).
Dolayisiyla yapilan ¢alismalarin daha ¢ok matematik 6gretmen adaylarmin bilgi alanlarimi hedef aldig:
sOylenebilir. Bu bakimdan hizmet i¢i 6gretmenlerle yapilacak ¢alismalarin alandaki boslugu doldurmasi
acisindan onemi biiyiiktiir zira 6grenci basarisi ile 6gretmenlerin bilgi yeterlikleri ile iligkisi uluslararasi
alan yazinda siklikla vurgulanan bir husustur (Hill, Rowan, & Ball, 2005). Diger bir bulgu ise uluslararasi
trende benzer olarak ¢ogunlukla nitel arastirma metotlarina (N = 22) basvuruldugu (Ponte & Chapman,
2006), dolayisiyla siklikla kullanilan veri toplama araglarimin goézlem, goriisme, dokiiman analizi
oldugudur.

Bunun yani sira, ulusal alan yazimin Shulman (1986)’in 7 bilgi kategorisinden alan bilgisi ve
pedagojik alan bilgisi olmak {izere yalnizca 2’sine odaklandigi ve diger boyutlarin irdelenmedigi
goriilmiistiir. S6z konusu olan 6gretmen bilgisi olgusunun karmasik ve biitiinciil yapisi1 disiiniildiigiinde
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bundan sonra yapilacak c¢alismalarin bilginin tiim boyutlarimi dikkate almalarinin daha dogru bir resim
sergileyecegi diigiiniilmektedir. Dolayisiyla ileride konu iizerinde yiiriitilecek caligmalarin, alan ve
pedagojik alan bilgisinin yani sira 6gretmenlerin egitim programlarina, 6grenci Ozelliklerine, egitim
baglamlarina ile egitimsel degerlere dair bilgilerini de incelemeleri tavsiye edilebilir.

Ayrica Hill ve digerlerinin (2008) de 151k tuttugu gibi Tirkiye’de 6gretmen bilgisi ile 6grenci
¢iktilart arasinda bag kuran caligmalarin azlig1 géze ¢arpmustir. Benzer sekilde deneyimli ve deneyimsiz
ogretmenlerin bilgileri arasindaki farkliliklar1 agiga ¢ikaran calismalar da yok denecek kadar azdir. Bu
nedenle ileride yapilacak arastirmalarin hizmet i¢i 6gretmenlerin bilgisine odaklanarak 6grenci basarist ile
arasindaki baglantiy1 ortaya cikarmasi, matematik Ogretmenlerin hizmet 6ncesi yillarindan baslayarak
mesleklerinin ilk ve deneyimli yillarmma dogru gelisimlerinin boylamsal calismalarla irdelenmesi ve
sorunlarin giderilmesi i¢in hizmet i¢i egitimler diizenlenmesi tavsiye edilebilir.

Derin tematik analiz sonucu ise bu ¢aligmanin bulgulari, Tiirkiye’deki alan yazinin dgretmenlerin
kavram bilgilerine ve 6gretmen bilgisinin gelistirilmesine yonelik yiiriitilen aragtirmalar bakimindan
uluslararasi literatlire benzedigini gostermis (Baumert et al., 2009) ve alandaki ulusal arastirmalarin iki
grup altinda toplandigini ortaya koymustur. Bu gruptan ilki 6gretmenlerin radyan, say1 oriintiileri, integral,
limit ve siireklilik gibi belirli alanlardaki bilgi diizeylerini dlgmeyi hedeflemisken diger basliktaki
¢aligmalar 6gretmenlerin bilgisinin ¢esitli ders/egitim/galistaylarla gelistirilmesini amaglamistir.

Yapilan aragtirmalar bulgular1 bakimindan incelendiginde ilk gruptaki ¢alismalarin (Akkog, 2008;
Altayli, Konyalioglu, Hizarci, & Kaplan, 2014; Arslan & Ozplnar, 2010; Bastiirk, 2009; Bastiirk &
Doénmez, 2011; Bozkurt & Kog, 2012; Cakmak, Konyalioglu, & Isik, 2014; Gokkurt, Sahin, & Soylu,
2012; Tanish, 2013; Toluk-Ugar, 2011; Topcu, Kertil, Akkog, Yilmaz, & Onder, 2006; Tiirniikli, 2005;
Tirniikli & Yesildere, 2007; Ulusoy & Cakiroglu, 2013; Yesildere, 2007; Yesildere & Akkog, 2011,
Yesildere & Akkog, 2010) matematik 6gretmenlerinin ve dgretmen adaylarinin alan ve pedagojik alan
bilgilerinde ciddi eksiklikler olduguna dikkat cektigi goriilmektedir. Ogretmenlerin bilgi diizeylerini
ileriye tagimak {izere tasarlanan ders, ¢alistay ve programlarin katkilarinin incelendigi ikinci grup
arastirmalarda ise (Akkaya, Akkog, Bingélbali & Ozmantar, 2009; Akkog, 2011; Akkog, 2012; Akkog,
Ugurlu, Ozmantar & Bingdlbali, 2009; Akkog & Yesildere, 2010; Sahin, Erdem, Basibiiyiik, Gokkurt, &
Soylu, 2014; Ugurlu & Akkog, 2011; Yesildere-imre & Akkog, 2012) bu baglamda gelistirilen ve
uygulanan 6zellestirilmis programlarin 6gretmenlerin pedagojik alan bilgilerini gelistirme bakimindan
oldukga basarili sonuglar trettigi goriilmiistiir.

Bu veriler degerlendirildigine, Ponte ve Chapman (2006)’nin da belirttigi gibi 6gretmenlerin
kavramsal semalarinda ve gretim uygulamalarinda ciddi eksiklikler oldugu fark edilmistir. Gelistirilen
0zel programlarin basarisi agikken hali hazirdaki &gretmen yetistirme programlarinin yeniden
diizenlenmesinin gerekliligi ortadadir. Calismalarin agiga ¢ikardigi bilgi ve uygulamada eksikliklerinin
belirlenmesinde ve giderilmesinde Ogretmen yetistirme programlarimin 6nemi oldukga agik olup, bu
programlarin kalitesini degerlendiren ve Ogretmen bilgisi iizerindeki etkisini inceleyen aragtirmalara
agirlik verilmesi gerekmektedir.
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