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APOS, RBC, procept and abstraction theory with the students' knowledge creation
processes on researches, are examined in order to scan in National Thesis Center,
ULAKBIM, Google Scholar and papers in the symposium. A total of 27 postgraduate
thesis, 15 articles and 8 papers were included in the study. By using descriptive
content analysis method; the research was conducted by taking into consideration the
year-type-publication language, sample-number and sampling type, the preferred
topic and information creation theory in the research, the model-pattern and validity-
reliability used, data collection tools and data analysis methods. It was determined
that the most studies were conducted in 2018, and in the field of algebra learning
with numbers. Most of the studies were conducted at middle school level. Studies
were conducted with a small number of students in terms of sample numbers. In most
of the researches, qualitative models were preferred and mostly open-ended
questions, achievement tests, video and audio recordings as well as data diversity
were used for data collection. There were some deficiencies in the researches about
the validation and reliability of the studies with sampling methods. In order to
overcome these deficiencies, research methods courses given to the researches can
be made more effective.
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Tiirkiye’de  APOS, RBC, procept ve soyutlama teorileriyle Ogrencilerin bilgi
olusturma siiregleri iizerine yapilan arastirmalar1 incelenmek amaciyla YOK Ulusal
Tez Merkez, ULAKBIM, Google Akademik ve sempozyumlardaki bildiriler
kapsaminda tarama yapilmistir. Yapilan taramada toplam 27 lisansiistii tez, 15 makale
ve 8 bildiri arastirmaya dahil edilmistir. Arastirmalar, betimsel igerik analizi yontemi
kullanilarak; arastirmanin yapildigi yil-tlirii-yaym dili, érneklem diizeyi-sayis1 ve
ornekleme ¢esidi, arastirmada tercih edilen konu ve bilgi olusturma teorisi, kullanilan
model-desen ve gegerlik-giivenirlik saglanmasi, veri toplama araglari ve veri analiz
yontemlerine gore siiflandirilmistir. En fazla caligmanim 2018 yilinda ve sayilar ile
cebir Ogrenme alaninda ¢alisildigr belirlenmistir. Calismalar en fazla ortaokul
diizeyinde yapilmistir. Orneklem sayilari yoniiyle genel olarak az sayida égrencilerle
caligmalar yliriitiilmiistiir. Arastirmalarin gogunda nitel model tercih edilerek verilerin
toplanmasinda agik uglu sorular, basari testleri, video ve ses kayitlari ile veri
cesitlemesi kullamlmistir. Ornekleme yontemleri ile calismalarin gecerlik ve
giivenirlik siireglerinin yansitilmast konusunda arastirmalarda bazi eksiklikler
goriilmiistiir. Bu eksikliklerin giderilmesi amaciyla arastirmalara verilen arastirma
yontemleri dersleri daha etkili bir duruma getirilebilir.
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Introduction

In recent years, it is seen that the qualitative researches on which the factors affecting learning are examined,
as well as how the students construct the knowledge, which stages they pass during the constructing knowledge,
and at which levels of thinking they take place are among the important research subjects. It is known that the
process of learning the concepts, the stages of structuring, the meaning of understanding, and the development of
cognitive structures in the mind are important for learning and teaching of mathematics (Agan, 2015; Akkaya,
2010; Bahar, 2017; Bulut, 2018; Deniz,2014; Giiler & Arslan, 2018; Oksiiz, 2018). In this sense, it is necessary to
employ the theories that will make it easier for students to determine their learning paths and levels according to
their level. APOS and RBC theories appear in the literature about the process of constructing knowledge of
students.

APOS theory, which shows the stages of cognitive development in the mind during the learning of concepts,
is based on Piaget's theory of reflective abstraction (Dubinsky, 1991). APOS theory first appeared in the studies
of RUMEC (Research Society of Mathematics Education Community) founded in 1995 by Dubinsky (Cottrill,
Dubinsky, Nichols, Schwingendorf, Thomas and Vidakovic, 1996). Dubinsky (2000) has focused on five basic
mental mechanisms for the development of advanced mathematical thinking, including internalization,
encapsulation, reversal, coordination, generalization-thematization. According to APOS theory, it is necessary to
cope with a mathematical situation and to create cognitive structures called action, process, object and schema by
using these mental mechanisms (Dubinsky, Weller, McDonald & Brown, 2005).

The idea of abstraction from Aristotle to the present is presented with various definitions. Russell (1926)
considered abstract thought as the highest level of human intelligence and as the most powerful tool
in Sierpinska (1994, p. 61) defined the action of the separation of certain features from a concept as
abstraction. Nowadays, it is seen that the abstraction is interpreted with two points of view as cognitive and
sociocultural. Decontexualization the context with respect abstraction cognitive approaches using characteristics
of the concept and Piagets (1985) indicating that occurs upon its relationship to other concepts is to speak of
empirical and semi-empirical abstraction it noted that occur at similar process. According to Piaget, the subject in
experimental abstraction observes a large number of objects and isolates their common characteristics while the
process in semi-experimental abstraction proceeds in the same way as experimental abstraction, and in later stages,
actions are applied on objects. Another idea that Piaget put forward about abstraction is reflective abstraction. It
is thought that abstraction is a mechanism developed for the mental structures in the development of thought as
well as the logical-mathematical structures in the mind of the individual (Arnon, Cottrill, Dubinsky, Oktag,
Fuentes, Trigueros & Weller, 2014). As a matter of fact, the idea of reflective abstraction is also the basis for
further research on abstractions (Tall, 1991). Also, Dienes (1961: p. 281), used abstraction from a cognitive point
of view, defines abstraction as a process of making a common feature from different situations; Skemp (1986) sees
the similarities in a previously formed classification as a continuous change in recognition of new experiences.
When abstraction is interpreted from a sociocultural perspective, it is thought that learning cannot be separated
from the environment, social interaction and use of tools. Noss and Hoyles (1996), some of the researchers with a
sociocultural perspective, produced the idea of situational abstraction, which supports students to understand how
they create mathematical ideas by extracting results from the materials they use and the dispersed components in
the environment.

Procept refers to a high level of reasoning that expresses both a process and a concept that is formed by the
merging of process and concept words (Gray & Tall, 1991). While the theory of APOS theory examines the
formation and the relationship between process and object thoughts, procept explains this situation with the
symbols used in the representation of concepts (Bayazit, 2016). In this context, it can be said that the idea of
procept is a learning theory which is considered in the understanding of the processes of constructing the
knowledge of students.

The RBC abstraction model introduced by Hershkowitz, Schwarz and Dreyfus in 2001 and which became an
RBC + C abstraction model by Dreyfus in 2007 is also based on Davydov's (1990) Knowledge Creation Philosophy
and Leontev's (1981) Theory of Activity. RBC defined abstraction as in vertically re-organization activity of pre-
acquired mathematical knowledge to form a new mathematical structure (Dreyfus, 2007; Hershkowitz, Schwarz,
& Dreyfus 2001). RBC + C based on the theory that abstraction can be observed by cognitive actions, it is stated
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that four different cognitive actions enable the study of recognition, building with, consruction and consolidation
processes of constructing the knowledge (Dreyfus, 2007).

First of all, the theory of reducing abstraction developed by Hazzan (1999) was used by abstraction levels to
explain the perception of abstract algebra concepts of undergraduate students. These abstraction levels are:

o quality of the relationship between the thought object and the thinking person
o reflection of process-object duality
o the degree of complexity of the thought mathematical concept

In short, the idea of reducing abstraction is based on the tendency of students to work with abstraction at a level
lower than the abstraction level in which the concepts are given (Senay & Ozdemir, 2014).

In the literature, it is seen that researches about the process of constructing knowledge and different
mathematical concepts are studied within the framework of APOS and RBC + C theories and it is seen that efforts
are made to contribute to the development of theories. In this study, it has been tried to contribute to the literature
by content analysis of the researches. In this context, when the content analysis in the literature is examined, it is
seen that the content analysis studies conducted in mathematics education are quite few. Descriptive content
analysis of Albayrak's (2017) mathematical model and modeling studies, Aztekin and Taspinar Sener’s (2015)
meta-synthesis study of mathematical modeling studies in the field of mathematics education, Giil and So6zbilir's
(2015) thematic content analysis for scale development studies in science and mathematics education, Kutluca,
Hacidmeroglu and Giindiiz's (2016) computer assisted mathematics teaching, Ulutas and Ubuz's (2008) researches
in mathematics education between 2000 and 2006 and content analysis of technology-assisted mathematics
education research of Tatar, Kagizmanl and Akkaya (2013), Ciltas, Giiler and S6zbilir (2012) mathematics
education on research content analysis was found. However, no content analysis, meta-analysis, or meta-synthesis
studies have been found for the process of constructing knowledge. However, increasing the number of content
analysis, meta-analysis and meta-synthesis studies on various subjects is important for researchers to open new
research areas. As a result; no relevant research has been found in the literature. What kind of results discussion
has been obtained in this context made the content analysis of the prepared research with the process of creating
knowledge in math in Turkey in existing research in the process of creating knowledge with the students intended
this research by working on what topics, researchers and educators to new research aims also be given new
ideas. The sub-problems of the research for these purposes are as follows:

In the process of generating information in mathematics;

v What is the distribution by type of research?

What is the distribution by publication language?

What is the distribution by years?

What is the distribution of the subjects studied according to the learning areas?
What is the preferred process of constructing knowledge theory?

How is the model and pattern distribution used?

How is the sample-size distribution and sampling type?

Are validity and reliability criteria included? What criteria are reflected?

What is the distribution according to the data collection tools used?

What is the distribution according to the data analysis methods used?

AN N N N N NN

Method
Research Model

In this study, prepared by research in mathematics process of constructing knowledge in Turkey were
examined. In this context, document analysis method was used. Document analysis involves the analysis of printed
materials for the intended purpose in the study (Yildirim & Simsek, 2016). According to Yildirim and Simsek
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(2016), in the document analysis method, firstly a framework for descriptive analysis is created, then the data is
arranged according to the thematic framework, and finally the findings are presented and interpreted.

Sample

Freankel and Wallen (2006) stated that although all sampling methods can be preferred in content analysis, it
is purposeful for sampling. For the purpose of this study, criterion sampling was used from purposive sampling
methods. Criteria: i) the sample is Turkey ii) APOS, RBC, procept and abstractions theories are studied. In order
to determine the studies included in the study, the Higher Education Council National Research Center /
ULAKBIM / Google Scholar conducted an advanced screening. For the purposes of the research, “APQOS”,
“RBC”, “RBC + C”, “processes of construction knowledge”, “abstraction” and “mathematics”, “procept”, “object-
process” keywords were used for the purposes of this study. Theses produced in theses and articles were included
in the research. It was observed that the studies included in this study as a result of screening were between 2005-
2019 and between. In the screening, 3 of the theses were closed to access but they were examined according to the
information in the summary sections. A total of 27 postgraduate theses, 15 articles and 8 papers were included in
the study (See Appendix 2).

Data Collection Tool

“Research Classification Form” (See Appendix 1), which was developed by the researchers and finalized in
accordance with the opinions of an expert, was used as a data collection tool. Research classification form consists
of thirteen chapters; general information about the research, year-type-publication language of the research,
sample-size and sampling type, preferred topic in the research, construction knowledge theory, model-pattern and
validity-reliability, data collection tools and data analysis methods.

Data Analysis

Content analysis technique was used to evaluate the data obtained from the studies included in the study.When
we look at the literature, we see that there are generally three types of content analysis with all advantages. Meta-
synthesis, which is defined as a thorough synthesis and interpretation of research on a common subject in
accordance with a specific theme (Au, 2007; Finfgeld, 2003; Walsh & Downe, 2005), is a quantitative study of
research with the same subject or related purpose. meta-analysis of the findings by using appropriate statistical
methods (Biiytikoztiirk, Kilig, Cakmak, Akgiin, Karadeniz & Demirel, 2016; Cooper, Hedges, & Valentine, 2009;
Dinger, 2014; Durlak, 1995; Wolf, 1986) and preferred for the purpose of this study. “Descriptive Content
Analysis” is a systematic and renewable method for determining the tendencies and consequences of quantitative
and qualitative research on a common subject (Calik, Unal, Costu & Karatas, 2008; Goktas, 2012; Jayarajah, Saat
& Rauf, 2014; Lin, Lin & Tsai, 2014; Selguk, Palanci, Kandemir & Diindar, 2014; S6zbilir, Kutu & Yasar, 2012;
Suri & Clarke, 2009; Umdu Topsakal, Calik & Cavus, 2012). In this context, it is thought that every research to
be conducted with these kinds of analyzes can guide new researches, and this research, which examines the
students' knowledge building processes in depth, will give a perspective on mathematics education. In this context,
descriptive content analysis was preferred because it was appropriate for the purpose of this study. Researchers
classified together twelve studies which were randomly selected among the studies. The remaining studies were
classified independently by each researcher. The researches classified later were discussed in order to increase the
reliability and disagreements on the classifications were eliminated. The data were presented in descriptive form
as graph, frequency and percentage.

Results

In this section, the findings obtained from the descriptive content analysis in accordance with the various
criteria mentioned below, including 27 theses, 15 articles and 8 papers are presented.
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Findings of Distribution According to Research Types
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Figure 1. Distribution of Research by Type

When the distribution of the researches according to the types are examined, it is seen that there are 27 (54%)
graduate thesis, 14 (28%) of them are master’s thesis, 13 (26%) are doctoral thesis, 15 (30%) are articles and 8

(16%) are papers (Figure 1). It is determined that thesis are more than the articles in their distribution according to
the types of research.

Findings of Distribution According to Publication Language
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Figure 2. Publication Language of Studies

Eight of the studies (16%) reported that the language of publication was English and 42 (84%) of them were
Turkish. 5 (10%) of the articles were English.

Findings of Distribution by Years

When the related researches are in the years 2005-2019 and the research types in all years are examined, it is

seen that the research numbers are close to each other (Figure 3). In addition, it has been determined that the
research has increased since 2014.
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Figure 3. Distribution of Researches by Years
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Findings Related to the Distribution of Subjects by Learning Areas
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Figure 4. Subject Areas of Research

As seen in Figure 4, content analysis includes mathematics subjects from primary, secondary, high school and
undergraduate. It is seen that these researches at different levels of education are subject to different learning areas
in mathematics curriculum. Research subjects have been identified as “numbers and algebra” (62%) , “geometry”
(24%), “probability” (6%) and “mixed topics” (8%). It was determined that the most “numbers and algebra” (62%)
and least “probability” (6%) were studied in the learning area. Researches on the process of construction
knowledge on more than one subject has been included in the mixed topics.

When we examine the researches at the level of the subjects studied, in elementary school; fraction, inequality,
symmetry and geometry. At secondary level; coordinate system, linear relationship information, slope, identity,
patterns, proportion-ratio, integers, exponential numbers, irrational numbers, polygons, triangular inequality,
Pythagorean theory, transformation geometry, symmetry, rectangular prism and volume, surface area of vertical
cylinder, geometry. It is seen that the most studied subjects are equations and probability. At high school level; the
concept of irrational numbers and general algebra issues were studied in one study and the others were studied.
In the studies conducted at the undergraduate level, probability, combination, limit, derivative, parabola, number
theory, spherical geometry, analytical geometry, as well as functions in three studies have been studied. Generally
speaking, it can be said that the most studied subjects are equations and functions.

Findings of Preferred Construction Knowledge Theory
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Figure 5. Processes of Knowledge Creation Processes
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The RBC and RBC + C studies were evaluated as RBC. Most of the researches was conducted with
APOS (28%) and RBC (56%) theories. Out of these two theories, it is observed that reducing abstraction (6%),
abstraction-generalization (2%), Piaget's abstraction theory (2%) and procept theory (6%) are included in the
studies. Although APOS and RBC theories form the main framework of the research in general, the procept theory
in research, Piaget's abstraction processes, realistic mathematics education, predictive learning road map and
mathematical habits approaches of the mind, from the ideas of Tall / Vinner and Gray / Tall, Bloom taxonomy,
mathematical power, Van Hiele geometric thinking levels, visualization, dynamic geometry software support is

also seen.

Findings of Model and Pattern Distribution Results

Figure 6. Preferred Models in Research
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In 3 studies, the preferred model type is not mentioned. 2 of these researches are qualitative research, 1 is a
qualitative research considering the general process of the research and it is reflected in the data categories. In this
case, 80% of the research qualitative, 8% of the qualitative and quantitative, 8% of mixed and 4% of the
quantitative model has been preferred.
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Figure 7. Preferred Pattern Types in Research
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68% of the studies were case studies , 4% were semi-experimental, 4% were case studies and survey, 6% were
case studies and quasi-experimental, 6% were teaching experiments, 2% were phenomenology and 2% nested
embedded patterns are preferred (Figure 7). In 4 studies (8%), the preferred pattern type was not specified.

Findings of Distribution of Sample Level, Sample Size and Sampling Type
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Figure 8. Sample Level of Research

When the sample levels of the researches were examined, it was found that most of the researches were at the
level of secondary school (46%), undergraduate (26%), high school (14%), primary school (4%) and graduate
degree (PhD students) (2%). In 4 researches, it was determined that the process of forming information together
with the participants in different teaching levels were conducted.
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Figure 9. Distribution of Sample Size by Research Type

It was determined that the studies were conducted with a small number of students. In addition, it was seen that
the number of samples was limited by the number of tests among the larger study groups in determining the number
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of samples. 48% of the studies were conducted in the range of 1-10, 24% in the 11-30 range, 22% in the 31-100
range, 4% in 101-300 and 2% in the 301-1000 range. At the same time, most of the theses are in the 11-30 range
and most of the articles are in the sample sizes in the range of 1-10.
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Figure 10. Preferred Sampling in Research

It was observed that the preferred sampling type was specified in 28 (56%) of the investigated studies, while
the other 22 (44%) did not indicate what the sampling type was. Purposeful and probabilistic sampling was used
in 3 (6%) studies and probabilistic sampling was preferred in 1 (2%) study (Figure 10).
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Figure 11. Sampling Methods

Of the 28 studies in which the sampling type was specified, 7 were selected as criterion sampling, 6 as
maximum variation sampling, 2 as extreme and deviant case sampling, one cluster sampling, one convenience case
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sampling, one case and stratified sampling methods were preferred. In 10 of these 28 studies, it was found that
they did not specify to sampling methods.

Findings of Validity and Reliability Indication in Research
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Figure 12. Determination of Validity and Reliability in Research

While 27 (54%) studies examined the process for validity and reliability, the other 23 (46%) studies did not
mention this process. In 16 (32%) of the thesis, 9 (18%) of the articles and 2 (4%) of the papers were mentioned
about the process to provide validity and reliability for the study. The validity and reliability of the studies are
given in Figure 13.
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Figure 13. Validity and Reliability Types in Research

Since most of the studies examined in the study are qualitative researches, it was found that credibility (19),
consistency (21), transferability (19) and confirmability (18) reflecting the validity and reliability of qualitative
research were reflected. In addition, it was found that the most commonly used strategies for increasing the validity
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and reliability of qualitative research were triangulation, expert opinion, participant confirmation and long-term
observations. In addition, it was observed that the correlation coefficient between 5 coders was calculated. In 3
studies, it was found that the cronbach alpha coefficient and item test correlation were calculated in 1 to reflect the

reliability of the scales. Content validity was also made in 2 studies.

Findings of Data Collection Tools Used
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Figure 14. Preferred Data Collection Tools in Research

In most of the studies, it was determined that data triangulation (interview-observation-document analysis) and
open-ended problems were used. At the same time, it is determined that multiple choice tests and activity-work
sheets are among the preferred data collection tools. In addition, since most of the studies were conducted using
more than one data collection tool, the data were generated as shown in Figure 14 above.
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Findings Related to Data Analysis Methods
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Figure 15. Data Analysis Methods Used in Research

In most of the studies, descriptive (42%) and content (24%) analysis is preferred as data analysis method
(Figure 15). In addition, 6% of the researches included descriptive and content analysis, 6% of the predictive and
descriptive analysis together, 4% of the predictive and content analysis were used together. Predictive analyzes,
thematic analysis and content-thematic analysis were used together in one study (2%). In addition, the data analysis
method used in 6 (12%) studies was not specified.

Discussion and Conclusion

It is known that the abstraction processes should be valued for the students to think mathematically
(Schoenfeld, 1992). In this context, it is important to examine students' thinking processes in depth. Examining
students' knowledge contruction processes, In the literature, it can be seen that various approaches to theories can
contribute to more detailed findings in cognitive analysis. In the research examined in the scope of this study,
APOS and RBC theories, as well as procept theory, Piaget's abstraction processes, realistic mathematics education,
projected learning roadmap and mathematical habits of mind, from the thoughts of Tall/Vinner and Gray/Tall,
Bloom's taxonomy, mathematical power, Van Hiele geometric thinking levels, visualization, dynamic geometry
software is also supported. At the same time, we can say that various encodings in the sub-problems of the research
will be important in terms of directing new researches. The results of the findings obtained in line with the sub-
problems of the research are presented below.

It is seen that the master thesis, doctoral dissertation and article distribution of the researches are close to each
other. In addition, the number of papers is less. The fact that there are few studies in the type of papers may be that
the studies made as papers were later expanded and accepted as journals. In addition, most of the studies were
found to be in Turkish. This situation is likely to occur mostly in Turkey's graduate studies of the effect of teaching
Turkish. It is determined that the related researches are between 2005-2019. According to findings in mathematics
APOS, RBC, procept and descriptive content analysis included in the scope of the investigation it was determined
that theories of abstraction of the fifteen-year history. It is seen that the highest number of studies was done in
2018 and the researches increased after 2014. This may be due to the revision of the mathematics curriculum in
2013. It may be thought that the emphasis of “students should be helped to create meaning and abstraction from
their concrete experiences” (MEB,2013) might have attracted the attention of researchers. Also, such an increase
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is a pleasing finding. In this sense, students' process of contruction knowledge is also important for the subjects
they will learn next.

It is seen that these researches at different levels of education are subject to different areas of learning in the
subjects of mathematics curriculum. In this sense, subjects were taken into consideration in which learning areas
were to be included in the learning area, and the learning areas at the secondary and high school level were taken
into account. The studies have been examined as numbers and algebra, geometry, probability and mixed topics.
Albayrak's (2017) study of the content analysis of the researches about mathematical model and modeling
published in our country is parallel with this situation. The subject of “Equations and Functions” has been the
most studied subjects. These issues may have been preferred because of the inherent epistemological difficulties
of the relevant concepts during teaching. In addition, it can be preferred to take measures for misleading and
incomplete learning if it can be observed how the students abstract the concepts because it is important that pre-
learning is conceptually meaningful and permanent in teaching advanced subjects.

Most of the research was conducted with APOS and RBC theories. Apart from these two theories, it is
observed that abstraction reduction, abstraction-generalization and Piaget's abstraction theory and procept theory
are included. RBC theory is observed to be more research than the others. This can be said to be more research
based on sociocultural approaches, and because researchers take into account the impact of the environment in
learning.

In the research, the preferred models are as follows; qualitative, quantitative and mixed. The number of
qualitative research is quite high. These results do not correspond to some studies (Saban et al., 2010; Ciltas, Giiler
& Sozbilir, 2012). But results are in line with the results of content analysis studies on different topics. (Albayrak,
2017; Aztekin & Tagpinar Sener, 2015). Similarly, Hart, Smith, Swars and Smith (2009) stated that qualitative
methods have been used in researches in recent years. In this context, it can be said that qualitative methods can
be used to analyze the learning processes in mathematics education research. At the same time, there are no studies
using a mixed model except one study. This situation is similar to the studies of Gokgek et al. (2013) and Ciltas,
Giiler and So6zbilir (2012). However, in mathematics education researches, it is thought that using mixed method
will enrich the researches methodically. The types of patterns preferred in research are as follows: Case study,
quasi-experimental, case study, case study and quasi-experimental, teaching experiment, phenomenology
and nested embedded patterns. It is seen that mostly case study is preferred. This result may justify the practice
of the theories in the research as appropriate to the case study. Besides, it can be said that only one research method
and pattern should not be maintained.

When we look at the sample level, the highest level of middle school education, undergraduate, high school,
primary school and graduate were found. It can be said that the high number of studies done with middle school
students in construction knowledge processes is valuable in terms of structuring the learning processes in the upper
levels. Even more similar researches at primary school level may also guide the middle school level.

When the sample size of the researches is examined, it is seen that the maximum of 11-30 ranges in the thesis
and 1-10 in the articles are preferred. It has been found that the studies are generally conducted with a small number
of students. 28 of the studies examined indicated the sampling type and the other 22 researches did not specify
the sampling type. purposeful sampling was used in 24 of the studies, purposeful sampling and probabilistic-based
sampling were used in 3 studies, probabilistic sampling was used in 1 research. In the descriptive content analysis,
which is the majority of the qualitative researches, criterion, maximum variation, easily accessible status and
density sampling, excessive and contradictory sampling were used for the purpose of sampling. In most of the
studies, purposeful sampling was preferred but it was not specified which purposive sampling method was used.
In 27 studies, while the process for validity and reliability was mentioned, the other 23 were not mentioned in this
study. From these 27 studies; 16 of them are graduate thesis, 9 of them are articles and 2 of them are papers. It was
determined that these studies knew the strategies used to increase the validity and reliability of qualitative research
and that they made the most data diversification, expert opinion, participant confirmation and long-term
observations. It can be said that the fact that almost half of the researches in which the majority of the researches
consisted of qualitative research did not mention validity and reliability processes was an important deficiency in
terms of research. In order to overcome this situation, researchers can be supported with the necessary trainings.
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In the research, it was determined that the data collection (observation, interview, document) supported by
open-ended questions, success tests, activity-work sheets, video and audio recordings were mostly used in data
collection. In most of the studies, descriptive and content analysis is preferred as data analysis method. It can be
said that this result is consistent with the majority of qualitative method and case study studies. It is known
that researchers are expected to increase the variety of data collection tools in order to reach more valid results and
to increase the reliability of the research findings. In this sense, it can be said that researches prefer to use
data triangulation and other tools in data collection tools.

Suggestions

In addition to contributing to the literature examining the processes of knowledge creation, it also has the task
of guiding teachers and prospective teachers. It is understood that the studies conducted in this context require
more studies at different levels of education in order to fulfill this task. In addition, research examining the
processes of creating knowledge on different mathematics topics should be conducted. In future researches, using
mixed method may be beneficial in terms of advantage from qualitative and quantitative research models. In order
for the methodological parts of the studies to be strong, the research methods lessons given to the researchers
should be made more effective. The results of this study were obtained through 50 years of research conducted
between 2005-2019 in Turkey. In future studies, it may be considered to carry out content analysis of the research
conducted in the relevant field abroad.
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Appendix 1: Research Classification Form

Name of the Study:
Authors: Year:
1) Type of Research 2)  Publication Language of Research
o  Doctoral Thesis o  Turkish
o  Master Thesis o  English
o Article
o Paper
3)  Method of Research 4)  Learning Areas of the Research
o Qualitative o Number and Algebra
o Quantitative o  Geometry
o Qualitative and Quantitative o  Possibility
o Mixed o General
5)  Type of Construction Knowledge Process
o APOS
o RBC
o  Reducing Abstraction
o  Piaget’s Abstraction Theory
o Abstraction and Generalization
o Procept
6) Pattern Types in Research 7)  Sample Level of Research
o  Case Study o Primary School Students
o  Semi-experimental o Secondary School Students
o  Case Study and Survey o Secondary and High School Students
o  Case Study and Semi-experimental o High School Students
o  Teaching Experiment o Undergraduate Students
o Phenomenology o High School Mathematics Teachers (PhD students)
o Nested Embedded Patterns o High School, Undergraduate and Graduate Students
o Other (Not Specified) o Undergraduate and Graduate (Master) Students
8)  Sample Size of Research 9) Sample Selection in Research
o 1-10 person o  Purposeful Sampling
o 11-30 person o  Probability Based Sampling
o  31-100 person o Purposeful and Probability Sampling
o  101-300 person o  Other (Not Specified)
o  301-1000 person
10) Sampling Methods 11) Validity and Reliability
o  Cluster Sampling o  Credibility
o  Deviant Case and Stratified Sampling o  Transferability
o  Extereme and Deviant Case Sampling o  Consistency
o  Criterion Sampling o  Confirmability
o Maximum Variation Sampling o  Coefficient of Coherence for Coders
o  Convenience Case Sampling o  Cronbach Alpha
o Other (Not Specified) o Item Test Correlation
o Content Validity
12) Data Collection Tools 13) Data Analysis
o Interview o  Predictive Analysis
o  Observation o  Descriptive Analysis
o  Document o  Content Analysis
o Open Ended Problems o  Descriptive and Content Analysis
o Multiple Choice Test (Achievement Test) o  Predictive and Descriptive Analysis
o Activity-Worksheet o  Predictive and Content Analysis
o  Survey o  Content and Thematic Analysis
o  Scale o  Thematic Analysis
o Other (Not Specified)
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Appendix 2: Research Included in Descriptive Content Analysis

No Authors and Year Name of Research Type
1 Ozmantar, F. M. An investigation of the formation of mathematical abstractions through scaffolding PhD
(2005)
2 Yesildere, S. (2006) | Farkli matematiksel giice sahip ilkogretim 6,7 ve 8. smuf 6grencilerinin matematiksel PhD
diistinme ve bilgiyi olusturma siireclerinin incelenmesi
3 Cetin, 1. (2009) Students' understanding of limit concept: An APOS perspective PhD
4 Kose Tunals, O. Ac1 kavraminin ger¢ekei matematik 6gretimi ve yapilandirmaci kurama gére 6gretiminin | Master
(2010) karsilastirilmasi
5 Akkaya, R. (2010) Olasilik ve istatistik 6grenme alanindaki kavramlarin gergek¢i matematik egitimi ve PhD
yapilandirmacilik kuramina gore bilgi olusturma siirecinin incelenmesi
6 Katrancy, Y. (2010) | Olasiligin temel kurallar bilgisinin yapilandirmaci kurama gore olusturulmasi siirecinin | Master
incelenmesi
7 Birinci, K. S. Matematik Ogretmen adaylarmm ispatlama performanslarmim siiregc-nesne iliskisi | Master
(2010) acisindan incelenmesi
8 Can, M. (2011) Matematiksel soyutlama ve soyutlamanin indirgenmesi Master
9 Yilmaz, R. (2011) Matematiksel soyutlama ve genelleme siire¢lerinde gorsellestirme ve rolii PhD
10 Sezgin Memnun, D. | Ilkégretim altinci siif dgrencilerinin analitik geometrinin koordinat sistemi ve dogru PhD
(2011) denklemi kavramlarini yapilandirmaci 6grenme ve gercekci matematik egitimine gore
olusturmast siireclerinin arastirilmasi
11 Ozcan, B. (2012) Ilkogretim ogrencilerinin geometrik diisiinme diizeylerinin gelistirilmesinde bilgiyi PhD
olusturma siireclerinin incelenmesi
12 Cekmez, E. (2013) Dinamik matematik yazilim kullaniminin 6grencilerin tiirev kavrammin geometrik PhD
boyutuna iligkin anlamalarimna etkisi
13 Ercire, Y. (2014) Irrasyonel say1 kavramina iliskin yasanilan giicliiklerin incelenmesi Master
14 Deniz, O. (2014) 8. Smuf 6grencilerinin gergek¢i matematik egitimi yaklasimi altinda egim kavramini | Master
olusturma siireglerinin APOS teorik ¢ergevesinde incelenmesi
15 Senay, $.C. (2014) Matematik Ogretmen adaylarmnin sayilar teorisine yonelik soyutlamayr indirgeme PhD
egilimlerinin diistinme stilleri ve matematik 6z yeterlikleri ile iligkisinin incelenmesi
16 Celebioglu, B. Kesir kavramina iliskin bilgi olugturma siirecinin incelenmesi PhD
(2014)
17 Acil, E. (2015) Ortaokul 3. smif Ogrencilerin denklem kavramina ydnelik soyutlama siireglerinin PhD
incelenmesi: APOS teorisi
18 Ulas, T. (2015) Sekizinci sinif grencilerinin 6zdeslik kavramini olusturma siireclerinin incelenmesi Master
19 Acan, H. (2015) 8. smif dgrencilerinin doniisiim geometrisinde bilgiyi olusturma siireglerinin incelenmesi | Master
20 Bahar, A. (2017) Ilkégretim matematik dgretmen adaylarinin olasilik kavramma yonelik bilgi olusturma | Master
siire¢lerinin incelenmesi
21 Sefik, 0. (2017) Ogrencilerin iki degiskenli fonksiyon kavramim anlamalarinin APOS teorisi ile analizi Master
22 Simsekler, Z. H. Ozel yetenekli gocuklarda matematiksel soyutlama Master
(2017)
23 Camci, F. (2018) Alticr smif dgrencilerinin tahmini yol haritas1 gergevesinde tasarlanan bir dgretim PhD
KISITLI deneyindeki matematiksel soyutlama siirecleri
24 Oksiiz, R. (2018) 5. smif dgrencilerinin kesir kavramini olusturma siireclerinin APOS teorik gercevesinde | Master
incelenmesi
25 Bulut, S. (2018) Ortaokul 6. siuf 6grencilerinin tiggende alan bilgisini olusturma siirecinin RBC+C | Master
modeline gére incelenmesi
26 Kogyigit Giirbiiz, Yedinci siif ogrencilerinin etkinlik temelli 6grenme yaklasimi altinda oran-oranti | Master
M. (2018) kavramlarini olusturma siire¢lerinin incelenmesi: APOS Teorisi
27 Altayli Ozgiil, D. Ortaokul ogrencilerinin ¢okgenler konusundaki soyutlama siireclerinin incelenmesi: PhD
(2018) RBC+C modeli
28 Altun, M., ve Lise 6grencilerinin tam deger fonksiyonu bilgisini olusturma siireci Article
Yilmaz, A. (2008)
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