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Abstract.

This study aims to analyze students’ mathematical abstraction abilities as
epistemological obstacles in mathematics learning over the past ten years (2015–
2024). A total of 65 articles were collected from the ERIC, Scopus, and Google Scholar
databases, of which 27 employed a didactical design research approach. The most
commonly encountered learning obstacles were epistemological (55%), followed by
didactical (24%) and ontological obstacles (21%). The main difficulties experienced by
students included challenges in understanding concepts, performing mathematical
representations, applying procedures, and solving problems. Epistemological obstacles
in the process of mathematical abstraction were identified through students’ tendencies
to unconsciously reduce levels of abstraction. These reductions occurred in three
interpretations of abstraction levels: the relationship between the thinker and the object
of thought, the dual nature of objects and processes, and the complexity involved
in understanding mathematical concepts. The findings highlight the critical need to
address abstraction-related difficulties to support effective mathematics learning.

Keywords: epistemological obstacles, mathematical abstraction, systematic literature
review

1. INTRODUCTION

One of the abilities that needs to be mastered by students in the mathematics learning

process at school is the ability to perform mathematical abstractions. This ability is a

basic ability that can help students to rebuild mathematical concepts into new structures

in the context of daily life (1). It can be said that mathematical abstraction ability is the

ability to think abstractly by generalizing problems in daily life (2). Piaget (2007) classifies
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abstraction into three forms, namely empirical abstraction, pseudo-empirical abstraction,

and reflective abstraction (3). Other abstraction experts, namely Mitchelmore and White

(2007) broadly divide abstraction into two, namely empirical abstraction and theoretical

abstraction. Empirical abstraction is the process of abstraction that occurs based on real

experience or a person’s social experience, while theoretical abstraction is an effort

to reconstruct a concept based on a theory or knowledge that has been previously

possessed into a new concept (4).

Ciffareli (1996) states the ability of reflective abstraction in solving problems into

several stages, namely recognition, representation, structural abstraction, and structural

awareness (5). In the introduction stage, students can recall and identify previous

activities that are in accordance with the problem they are facing (6). The representation

stage shows the student’s ability to transform problems and problem-solving ideas into

their mathematical models (notation, symbols, sentences, tables, and graphs) (7). The

next stage is structural abstraction where students are able to solve problems using

strategies that are arranged based on previous ideas (8). The last stage is structural

awareness where students can demonstrate their ability to consider the results of their

chosen problem-solving strategy (3).

Findings from previous studies show that there are still many students in Indonesia

who have difficulty in carrying out the mathematical abstraction process. Research

conducted by Apriyani (2021) stated that most of the secondary students are still used to

concrete objects so that it is difficult to carry out the abstraction process (9). Research by

Khasanah et al., (2021) stated that students still have difficulty understanding a concept,

cannot determine the right formula, and have difficulty in connecting between concepts

(10). Anwar et al., (2022) affirmed in his research that in the process of abstraction,

students still have difficulty in making mathematical models and using a mathematical

concept (11). In addition, research by Wijayanti & Susanti (2021) shows that students

still need to be trained in developing problem solving plans, including conducting

mathematical proofs (12).

The ability of mathematical abstraction is related to the ability to think critically,

reflectively, and reasoning skills of students. Obstacles in carrying out the mathematical

abstraction process are also an obstacle in the learning process or commonly referred to

as learning obstacles. Guy Brosseau (2002) explained in his book, there are three types

of learning obstacles, namely 1) Ontogenic obstacles, 2) Epistemological obstacles, and

3) Didactic obstacles. Ontogenic obstacles are obstacles that occur due to the limited
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development of students’ thinking maturity, including in this case are mental readiness

and student learning readiness. Epistemological barriers are learning barriers that occur

due to the limitations of knowledge or concepts that students have. Didactic obstacles

arise as a result of the inaccuracy of the learning system implemented (13).

Based on this presentation, various epistemological obstacles were found in learning

activities, such as lack of understanding of students’ basic concepts, difficulty in trans-

lating problems in mathematical models, difficulty in formulating solution strategies, and

inability to associate between appropriate concepts. This show that there have been

learning obstacles at several levels of the mathematical abstraction process. Therefore,

in this study, it will be studied more deeply about the epistemology learning obstacles

that occur in students when carrying out the mathematical abstraction process using

the systematic literature review method to find the right didactic design to overcome

these obstacles through further researches.

1.1. Purpose

This study was conducted to analyze epistemological obstacles that occur in students

when carrying out mathematical abstraction processes based on mathematics learning

research conducted in the last ten years (2015 – 2024). Furthermore, this study will

answer some of the questions below.

1.2. Research question

RQ1: What are the learning obstacles and learning difficulties encountered in research

with the topic of mathematical abstraction?

RQ2: What are the theories or indicators used in research with the topic of mathe-

matical abstraction?

RQ3: How epistemological obstacle were happened in the process of mathematical

abstraction in mathematics learning?

2. METHOD

In this study, a systematic review was carried out on articles published in international

journals and/or national journals in the Scopus, Eric, and Google Scholar databases from
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2015 to 2024. A systematic review was chosen because it can imply more thoroughly,

objectively and can be redeveloped than a conventional literature review (14). Systematic

literature review is designed to be able to answer research questions transparently.

The flow of this research consists of identifying, selecting, analyzing, and synthesizing

information from published articles. Related to transparency, credibility, and consistency,

this research flow follows the guidelines Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA).

2.1. Eligibility criteria

1. The analyzed articles are articles published in national and international journals

from the Scopus, Eric, and Google Scholar databases.

2. The analyzed articles are articles published in the range of 2015 to 2024.

3. The analyzed articles are articles relevant to mathematics learning research.

4. The articles used mention subjects ranging from elementary to intermediate levels

5. The article used mentions the level of education ranging from elementary to

secondary level.

2.2. Search and selection process

Searches are done manually by visiting the journal database site or page and using the

search engine Harzing’s Publish or Perish. The researcher sorted starting from the year,

title, number of citations, and keyword restrictions. There are three keywords used in

the search and collection process of articles in the Eric and Google Scholar databases,

namely “mathematical abstraction,” “mathematical learning obstacles,” and “didactical

design research.” The keywords used in the Scopus database are “mathematical

abstraction or didactical design research” and “mathematical learning obstacles or

didactical design research.” The flow of this research is illustrated in the flow diagram

as follows:
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3. RESULTS AND DISCUSSIONS

3.1. Data extraction

The data extraction process is carried out using coding techniques to analyze the data

systematically. The data extracted in this study were the year of publication, research

subject, level of education, research method, research design, and material used in the

research. The results of data extraction are presented in the form of tables, narratives,

and diagrams as follows:

The table shows the research trend with the highest mathematical abstraction topic in

2018 and 2020, then declined sharply in 2021 and began to rise in 2022 and 2023. As

for the most used research methods, namely qualitative methods with several research

designs, including qualitative approach (8 articles), descriptive qualitative (8 articles),

case study design (8 articles), task-based interview (2 articles), direct interview (1 article),

didactical design research (28 articles), and grounded theory (1 article). Another method

is quasi-experiment with several research designs, namely random pre-test post-test
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Table 1: Data extraction results.

Year Sum Subject Sum Level of
Education Sum Research

Methods Sum

2015 1 Preliminary
students 1 Nursery

Education 1 Qualitative 56

2016 2 Grade 1-6
students 14 Primary

Education 13 Development 3

2017 7 Grade7-9
students 30 Secondary

Education 35
Mix method
(Qualitative and
Quantitative)

4

2018 12
Grade
10-12
students

16
Upper
Secondary
education

16 Quasi
Experiment 4

2019 9 General
student 5

2020 13

2021 6

2022 7

2023 9

2024 2

with control design, scientific approach, teaching experiment design, and one group

post-test no control design.

The next data extracted is the material (subject) used in the research. Based on the

analysis, the most frequently used materials in research with the topic of mathematical

abstraction are two-dimensional figure as many as 18 articles, then algebra as many as

12 articles, geometry as many as 9 articles, and fractions as many as 5 articles. Some

of the other materials used in the research with the topic of mathematical abstraction

are presented in the following diagram.

3.2. What are the learning obstacles and learning difficulties found
in the research with the topic of mathematical abstraction?

Of the 65 articles analyzed in this study, 27 of them are studies with didactical design

research. After analysis, the learning obstacles experienced by students in the didactical

design research were 10 articles mentioning ontogenic obstacles (21%), 26 articles men-

tioning epistemological obstacles (55%), and 11 articles mentioning didactical obstacles

(24%). The percentage of this type of learning obstacle is shown in the following pie

chart:
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Figure 1: Subjects used in the research with the topic of mathematical abstraction.

Figure 2: Learning obstacle in DDR research on the topic of mathematical abstraction.

Based on the diagram, it is known that epistemological obstacle is the most dominant

obstacle (55%). This shows that students’ limited knowledge about mathematics is the

biggest inhibiting factor in the learning process. Furthermore, the learning difficulties of

students contained in this study will be shown, both in DDR research and other research

methods as follows:

Some of the learning difficulties experienced by students are, difficulties in under-

standing concepts (n = 30) including understanding of nature, elements, characteristics,

and patterns of arrangement. Furthermore, difficulties in representation (n = 23) such as
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Figure 3: Types of student difficulty.

interpretation of images, graphs, models, and spatial ability. Procedural difficulties (n = 3)

are calculation operations, including addition, subtraction, multiplication, division, area,

circumference, and so on. Other difficulties were difficulty in connecting concepts (n =

6), difficulty in constructing new understandings (n = 7), difficulties in problem solving (n

= 19) including creating and implementing solution strategies, difficulties in contextual

issues (n = 3), difficulties in conducting mathematical proofs (n = 2), and difficulties

related to mathematical resilience (n = 1).

From the many learning difficulties experienced by these students, it can be con-

cluded that there are four most common learning difficulties, namely students have

difficulty understanding a concept (n = 30), difficulty in making mathematical represen-

tations (n = 23), difficulties in procedures, and difficulties in solving problems (n = 19).

However, in this study, there are also several research results that show that there are

no significant difficulties experienced by students (n = 3).

3.3. What are the theories or indicators used in research on the
topic of mathematical abstraction?

There are several theories used in research on the topic of mathematical abstraction,

namely, the RBC+C abstraction model (Herskowitz, Schwarz, & Dreyfus), APOS theory

(Dubinsky, 1991), levels of reflective abstraction (Cifarelli, 1988), theory of Karadag,

empirical abstraction & reflective abstraction (Piaget, 2001), indicators of abstraction
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capabilities (Battista, 2007), as well as a combination of several theories such as the com-

bination of Piaget’s (1972, 2001), Battista’s (2007), Gray’s (2007), Herskowitz’s, Schwarz’s,

& Dreyfuz’s (2001), Ozmantar’s & Mnaghan’s (2007), and Steffe’s & Cobb’s (1988); as well

as a combination of Skemp (1986), Piaget’s (1970), and Dreyfus’ (1991). These theories

are presented in the following diagram.

Figure 4: Theory of abstraction process.

3.3.1. RBC+C Abstract Model (Herskowitz, Schwarz, & Dreyfus)

There are three actions in this model, namely, Recognizing or also known as recognition,

which is an individual’s awareness of what kind of initial knowledge is needed, including

formal or informal information that a person has obtained before. Next Building-with or

building is an individual’s effort to use known information to build a solution that can

be used on a problem. These cognitive actions rest on other cognitive actions (15).

The third action is construction or construct. Namely an effort to change some of the

known structures so that they can form new structures. The last action is consolidation

or consolidation which is a follow-up action of the construction action, namely the need

for new structural improvements (16).
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3.3.2. APOS Theory (Dubinsky, 1991)

There are four stages in this theory, namely: Action Level (Action level), process (pro-

cess), Object (object), and schema (schema). Deep Action Level, students perform

actions only limited to applying existing algorithms. Students need detailed steps to

transform (15). If the action is carried out repeatedly and can be reflected, then the

action can be internalized as a process. At this stage, students have been able to

represent and reflect on the steps of a process. When an individual reflects a process

applied to a particular process, then becomes aware of the process in general and

performs a transformation (either in action or process), this process can be considered

an object (17). Meanwhile, at the schema level, it shows involvement in the organization

of the object, which is a thematization of the diagram into an object.

3.3.3. Levels of Reflective Abstraction (Cifarelli, 1988)

There are four levels of reflective abstraction according to Cifarelli (1988), including

Recognition, at this level students can remember activities that have occurred before

based on the situation they are facing. The second level is representation (represen-

tation). At this level, students can solve the problems they are facing using tools such

as diagrams, tables, and others. The next level is structural abstraction. At this level,

students are able to project and rearrange their concepts into new concepts. The last

level is structural awareness where students can build new concepts without the need

to complete the whole procedures and can anticipate the concepts they build (18).

3.3.4. Indicators of Abstraction Capabilities (Battista, 2007)

There are four levels of mathematical abstraction according to Battista, namely, 1) Per-

ceptual abstraction. The process that occurs in this abstraction is an effort to recognize

previous experiences to solve the problems faced (19). 2) Internalization, which is the

process of representing thoughts in the form of symbols, words, or diagrams. In addition,

at this level it is also capable of solving or manipulating problems (20). 3) Interiorization,

which is the process of collecting, compiling, developing, and coordinating concepts

into new understandings or new knowledge. 4) Second-level of interiorization, which is

an effort to generalize new knowledge in different contexts (21).
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3.3.5. Theory of Karadag, S. Katagiri (2004) & J. Mason, L. Burton, & K.
Stacey (2010)

Research that uses this theory is research by Iswari et.al., (2019) and Putri et.al., (2021).

There are four stages in abstracting in this theory, namely observation of patters (pattern

observation), Specialization (specialization), Generalization (generalization), and conjec-

turing (suspected) (22). The pattern observation stage is the stage where the subject

solves the problem by observing the pattern. The specialization stage occurs when the

subject solves a problem by looking at a specific example. The generalization stage

is the process of describing a pattern into its general form. Meanwhile, the guessing

stage is the process of testing and re-examining assumptions based on the facts found.

This process is carried out to find out whether the assumptions taken are correct and

correct (23).

3.3.6. Hong & Kim

Research conducted by Hong and Kim (2016) combines several theories to compile

indicators of mathematical abstraction. The theories used include the theory of Piaget

(1972, 2001), Battista (2007), Gray & Tall (2007), Herskowitz, Schwarz & Dreyfus (2001),

Ozmantar & Monaghan (2007), and Steffe & Cobb (1988). Some of the actions formulated

by Hong and Kim in carrying out the abstraction process are 1) Recognizing mathematical

structures through perceptual abstraction, 2) Applying mathematical structures through

internalization, and 3) Constructing new structures through interiorization (24). In the first

action, Students are aware of the need for mathematical structures to solve problems,

students can remember the mathematical structures that have been studied previously

including knowledge, concepts, and mathematical principles, and students can also

recognize and identify elements related to problems based on their own intuition.

Then in the second action, students can simplify the problem into simpler forms using

mathematical relationships and structures. Students can also actively introduce, utilize,

and apply previously learned mathematical structures to solve problems. In the last

act, students can solve problems by generalizing mathematical concepts. In addition,

students can form new mathematical knowledge and structures in solving problems.

Students are also able to generalize problems into different real-life contexts, as well

as being able to develop new structures based on previously learned mathematical

structures.

DOI 10.18502/kss.v10i11.18749 Page 282



ICoSMEE 2023

3.3.7. Combination of Skemp (1986), Piaget (1970), & Dreyfus (1991)

The research conducted by Nurhasanah, et al. (2017) combined theory from Skemp

(1986), Piaget (1070) and Dreyfus (1991). This combination combines empirical abstraction

and theoretical abstraction. The abstraction process that occurs is that students can

identify the characteristics of objects through direct experience and identify the char-

acteristics of manipulated or imagined objects. In addition, students can also generalize

and represent problems into symbols or mathematical language, create relationships

between processes or concepts to form new understandings, and apply concepts into

appropriate contexts (25).

3.4. How is the epistemological obstacle in the process of mathe-
matical abstraction in mathematics learning?

Epistemological learning obstacles arise due to limitations in students’ knowledge and

understanding of something (concept, problem, or other) (Guy, 2002). This obstacle is

closely related to students’ abilities, namely comprehension and procedural abilities.

The process of understanding a concept, up to solving a problem is part of the mathe-

matical abstraction process. Thus, students’ difficulties in carrying out the mathematical

abstraction process can be an epistemic obstacle for students.

In line with that, Orit Hazzan and Rina Zazkis (2005) explain in their paper how a

person’s level of abstraction can be reduced. Reducing the Level of Abstraction itself

is a theoretical framework that examines student behaviors in handling abstraction

according to its level. This leads to a situation where students are unable to develop

and/or restructure the concepts used in solving a particular problem (26). Therefore, they

unconsciously reduce the level of abstraction of concepts used to create new concepts.

Indicators of reducing the level of abstraction based on the three interpretations of the

level of abstraction according to Orit Hazzan and Rina Zazkis are presented in the

following table.

Some of the obstacles experienced by students in performing mathematical abstrac-

tion found in this study are, in the interpretation of abstraction as the quality of the

relationship between the object of thought and the person who thinks, students cannot

see the relationship between the objects observed, or students are aware of the char-

acteristics of the object observed but cannot complete the actions that have been taken
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Table 2: Indicators of reducing the level of abstraction according to Orit Hazzan and Rina
Zazkis.

No. Interpretation of Abstraction
Levels

Abstraction Level Reduction
Indicator

1.

Abstraction as the quality of
the relationship between the
object of thought and the
person who thinks.

Students cannot understand the
assignments assigned to them.
Students abandon unrecognized
objects and choose to do what is
familiar and understood.

2. Abstraction as a reflection of
the duality of process-object.

Students solve problems without
analyzing the properties of mathe-
matical concepts (students tend to
calculate rather than pay attention
to the structure of numbers in their
form of transformation).

3.
The abstraction process uses
the complexity level of math-
ematical thinking concepts

The student cannot follow any
standard rules to solve the problem
he is facing so they miss something
more complex.

to manipulate the object. Students prefer to use information from problem statements

then process it in mental actions using their previous knowledge in solving problems.

Then in the second interpretation, which is abstraction as a reflection of the duality of

process-object, students have difficulty explaining signs and other elements in a concept

and only understand the general form. In addition, students cannot understand new

information in new situations. Students also do not remember the details of previous

knowledge. Students solve problems based only on a plan without specifying a strategy

or method of completion. In terms of the use of complexity of mathematical concepts,

students still often use concrete thinking in abstracting. Students often miss things that

can be used in solving problems because they cannot follow the truth of the rules of

solving mathematical problems.

4. CONCLUSION

Based on this presentation, it can be concluded that systematic literature reviews were

carried out on 65 articles from 2015 to 2024, with subjects used ranging from preliminary

students to grades 10-12 students. The level of education used is starting from Nursery

education to upper secondary education. Some of the research methods used are

qualitative methods, development, mixed methods (qualitative and quantitative) and

pseudo-experimental methods. In qualitative research, the most common approach

is qualitative with a didactical design research approach (27 articles). The most used
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mathematical materials in mathematical abstraction research are flat figures, algebra,

spatial figures, and integers.

This study also answers several research questions. In the first question, the results

were obtained that of the 65 articles used, 27 of them were research with didactical

design research, so that it was known that the most learning obstacles experienced by

students were epistemological obstacle (55%), didactical obstacle (24%), and ontogenic

obstacle (21%). This shows that students’ limited knowledge about mathematics is the

biggest inhibiting factor in the learning process. In addition, it is also known that the most

dominant types of student difficulties are difficulties in understanding concepts, difficul-

ties in making representations, difficulties in procedural procedures, and difficulties in

problem solving.

The theories used in mathematical abstraction research include the RBC+C abstrac-

tion model (Herskowitz, Schwarz, & Dreyfus), APOS theory (Dubinsky, 1991), levels

of reflective abstraction (Cifarelli, 1988), theory of Karadag, empirical abstraction &

reflective abstraction (Piaget, 2001), and indicators of abstraction capabilities (Bat-

tista, 2007). In addition, some studies also use a combination of theories such as

the combination of Piaget’s (1972, 2001), Battista (2007), Gray’s (2007), Herskowitz’s,

Schwarz’s (2001), Ozmantar’s (2007), and Steffe’s (1988); as well as a combination of

Skemp’s (1986), Piaget’s (1970), and Dreyfus’ (1991). Among these theories, the most

used theory is the RBC+C abstraction model by Dreyfus. Then this study also shows that

epistemic obstacles in the process of mathematical abstraction occur when students

unconsciously reduce the level of abstract concepts used in compiling mathematical

concepts.

ACKNOWLEDGMENTS

With the completion of this research, I would like to thank several parties who have

helped the research run. First, to Mrs. Farida Nurhasanah as the supervisor in this study

who has helped a lot during the research from beginning to end. Second, to Mr. Ikrar

Pramudya as the academic supervisor who has provided several briefings and inputs

in this research.

DOI 10.18502/kss.v10i11.18749 Page 285



ICoSMEE 2023

References

[1] Syarifudin MT, Ratnaningsih N, Ni’mah K. Analisis Kemampuan Abstraksi Matematis
Dalam Pembelajaran Matematika di MAN 1 Tasikmalaya. MUST: Journal of
Mathematics Education. Science and Technology. 2021;6(2):231–40.

[2] Yusepa B. Kemampuan Abstraksi Matematis Siswa Sekolah Menengah Pertama
(SMP) Kelas VIII. Symmetry: Pasundan Journal of Research in Mathematics Learning
and Education. 2017;I.

[3] Wiryanto. Level-Level Abstraksi Dalam Pemecahan Masalah Matematika. Jurnal
Pendidikan Teknik Elektro. 2014;03(03):569–78.

[4] Sumbandari A, Misdalina M, Fuadiah NF. Abstraksi Matematika Sebagai Epistemo-
logical Obstacles dalam Pemodelan Pembelajaran SPLDV di Sekolah Menengah
[ Jurnal Nasional Pendidikan Matematika]. JNPM. 2022;6(1):69.

[5] Edimuslim E. Edimuslim. Analisis Kemampuan Abstraksi Matematis Siswa Sekolah
Menengah Pertama Ditinjau dari Gaya Belajar Tipe Kolb. Suska Journal of
Mathematics Education. 2022;8(1):39–46.

[6] Nisa’ AL. Analisis Kemampuan Abstraksi Matematis Siswa Dalam Menyelesaikan
Soal Pada Materi Segiempat Kelas VII SMP. JPM : Jurnal Pendidikan Matematika.
2018;4(1):01–8.

[7] Fajriyah N. Susanah. Profil Kemampuan Absraksi Reflektif Siswa Dalam Menyele-
saikan Masalah Geometri Ditinjau Dari Gaya belajar. MATHEdunesa. Jurnal Ilmiah
Pendidikan Matematika. 2022;11(2):458–73.

[8] Nadilia B, Wijayanti P. Abstraksi Reflektif Siswa SMP dalam Menyelesaikan Masalah
Matematika Ditinjau dari Kemampuan Matematika. MATHEdunesa. 2023;12(3):684–
97.

[9] Apriyani E. Peningkatan Kemampuan Abstraksi Matematis Siswa SMPN 16 Bandung
Melalui Pembelajaran Dengan Model Eliciting Activities (MEAS). SCIENCE : Jurnal
Inovasi Pendidikan Matematika dan IPA. 2021;1(3):238–44.

[10] Khasanah N, Kusmayadi TA, Nurhasanah F. Analisis Kesulitan Dalam Menyelesaikan
Masalah Abstraksi Matematis Pada Pokok Bahasan Fungsi. AKSIOMA: Jurnal
Program Studi Pendidikan Matematika. 2021;10(1):359.

[11] Anwar S, Junaedi Y, Umami MR. Analisis Kesalahan Siswa Dalam Menyelesaikan Soal
Berpikir Abstraksi Matematis Pada Materi Geometri Ruang. Geomath. 2022;3(2):75.

[12] Wijayanti AN, Susanti E. Berpikir Matematis Aspek Abstraksi Siswa Kelas
XI Menggunakan Pembelajaran Creative Problem Solving. Jurnal Pendidikan
Matematika. 2021;12(1):1.

DOI 10.18502/kss.v10i11.18749 Page 286



ICoSMEE 2023

[13] Guy B. Theory of Didactical Situations in Mathematics. 19th ed. Bishop AJ, editor.
New York, Boston, Dordrecht, London, Moscow: Kluwer Academic Publishers; 2002.
86–87 p.

[14] Fadlelmula FK. Enablers and obstacles in teaching and learning of mathematics: A
systematic review in LUMAT journal. Lumat. 2022;10(2):33–55.

[15] Cahyani L. Masriyah, Budi Rahaju E. Students’ Reflective Abstraction of Middle
School in Reconstructing Quadratic Equation Concept Based on High Mathematical
Ability. In: Journal of Physics: Conference Series. 2019.

[16] Hutagalung EE, Mulyana E, Pangaribuan TR. Mathematical Abstraction: Students’
Concept of Triangles. In: Journal of Physics: Conference Series. 2020.

[17] Kilicoglu E, Kaplan A. Predicting the Mathematical Abstraction Processes Using
the Revised Bloom’s Taxonomy: Secondary School 7th Graders. Athens Journal of
Education. 2022;9(2):237–56.

[18] Cifarelli VV. The Role Of Abstraction As A Learning Process In Mathematical Problem
Solving. J Allergy Clin Immunol. 1998;130(2):556.

[19] Fitriani N, Nurfauziah P. Gender and Mathematical Abstraction on Geometry. J Phys
Conf Ser. 2019;1315(1):012052.

[20] Fitriani N, Suryadi D, Darhim D. THE STUDENTS’MATHEMATICAL ABSTRAC-
TION ABILITY THROUGH REALISTIC MATHEMATICS EDUCATION WITH VBA-
MICROSOFT EXCEL. Infinity Journal. 2018;

[21] Harry AR, Cahya E, Jupri A. Mathematical Abstraction Abilities of Hight School
Students in Term of Cognitive Style. Proceedings of the 7th Mathematics, Science,
and Computer Science Education International Seminar, MSCEIS 2019. Bandung,
Indonesia; 2020. https://doi.org/10.4108/eai.12-10-2019.2296504.

[22] Iswari IF, Susanti E, Hapizah H, Meryansumayeka M, Turidho A. Design of Problem-
Solving Questions to Measure Mathematical Thinking Type Abstraction. Journal of
Physics. Conference Series; 2019. https://doi.org/10.1088/1742-6596/1318/1/012104.

[23] Putri T, Susanti E, Simarmata RH. Hapizah, Nurhasanah. Generalization in
Exponential Problems as a Part of Developing Mathematical Abstraction. In: Sriwijaya
University Learning and Education International Conference (SULE-IC). 2020. p.
668–72.

[24] Hong J, Kim KM. Mathematical Abstraction in The Solving of Ill-Structured Problems
by Elementary School Students in Korea. Eurasia J Math Sci Technol Educ.
2016;12(2):267–81.

[25] Nurhasanah F, Kusumah YS, Sabandar J. Concept of Triangle : examples of Mathe-
matical. International Journal on Emerging Mathematics Education. 2017;1(1):53–70.

DOI 10.18502/kss.v10i11.18749 Page 287



ICoSMEE 2023

[26] Hazzan O, Zazkis R. Reducing Abstraction: The Case of School Mathematics. Educ
Stud Math. 2005;58(1):101–19.

[27] Sümen ÖÖ. Primary School Students’ Abstraction Levels of Whole-Half-Quarter
Concepts According to RBC Theory. J Math Educ. 2019;10(2):251–64.

[28] Mensah NB, Odro EB, Williams DA, Odro B, Examination DA, Mensah NB, et al.
Examination of 9 th Graders ’. Levels of Geometric Thinking. 2023;9(3):688–703.

[29] ALVES FRV. da SILVA CAMILO AM, FONTENELE FCF, CATARINO PMMC. Didactical
Engineering in the Conception of a Teaching Situation Originated from Brazil’s
SPAECE Assessment with the Support of the GEOGEBRA Software. Acta Didact
Napocensia. 2021;14(2):84–98.

[30] Budiarto MT, Khabibah S, Setianingsih R. Construction of High School Students’
Abstraction Levels in Understanding the Concept of Quadrilaterals. Int Educ Stud.
2017;10(2):148.

[31] Sudirman R. S. Kusumah Y, A. Priatna Martadipura B. Epistemological Obstacle in 3D
Geometry Thinking: Representation, Spatial Structuring, and Measurement. Pegem
J Educ Instr. 2023;13(4):292–301.

[32] Kilicoglu E, Kaplan A. Predicting the Mathematical Abstraction Processes Using
the Revised Bloom’s Taxonomy: Secondary School 7th Graders. Athens J Educ.
2022;9(2):237–56.

[33] Araújo CH, Menezes DB. Mathematical Proof and Epistemological Obstacles:
Assumptions of the Methodological Teaching Proposal of the Fedathi Sequence.
Int Electron J Math Educ. 2022;17(4):1–10.

[34] Mega TB, Endah BR, Sugi H. Students’ Abstraction in Re-cognizing, Building With
and Constructing a Quadrilateral. Educ Res Rev. 2017;12(7):394–402.

[35] Ali CA. The Didactical Phenomenology in Learning The Circle Equation. Int Electron
J Math Educ. 2022;17(4):1–11.

[36] Gürbüz MÇ, Ozdemir ME. A Learning Trajectory Study on How the Concept of
Variable Is Constructed by Students. World J Educ. 2020;10(1):134.

[37] Sezgin Memnun D, Ayd𝚤n B, Özbilen Ö, Erdoğan G. The Abstraction Process of Limit
Knowledge. Kuram ve Uygulamada Egit Bilim Educ Sci Theory Pract. 2017;17(2):345–
71.

[38] COŞAR MÇ. KEŞAN C. Self-Regulation Behaviours of a Gifted Student in Mathemat-
ical Abstraction Process. Turkish Int J Spec Educ Guid Couns. 2021;10(2):152–68.

[39] Supriadi S. Elementary School Students Reflection: Didactical Design Analysis
on Integer and Fraction Operations on Mathematical Concepts with Sundanese
Ethnomathematics Learning. Pegem J Educ Instr. 2022;12(4):192–9.

DOI 10.18502/kss.v10i11.18749 Page 288



ICoSMEE 2023

[40] Silo RA, Herman T, Jupri A. The design of mathematics learning using didactical
engineering to develop the mathematical comprehension ability and self-confidence
of elementary students. J Phys Conf Ser. 2021;1957(1):012011.

[41] Setiadi DR, Suryadi D, Mulyana E. Didactical Design Enrichment of Angle in
Geometry. J Phys Conf Ser. 2017;895(1):012060.

[42] Sari A, Suryadi D, Syaodih E. Didactical Design of Trapezoid Concept for
Elementary School Students. First Indones Commun … [Internet]. 2018; Available
from: https://www.atlantis-press.com/proceedings/ice-17/25893130

[43] Saefudin AA, Wijaya A, et al. Hypothetical Learning Trajectory Based on Theory of
Didactical Situation: An Initial Learning Trajectory Design to Enhance Mathematical
Creativity and Resilience. Proc 2nd UPY Int Conf Educ Soc Sci (UPINCES 2023), Adv
Soc Sci Educ Humanit Res [Internet]. 2023; Available from: https://books.google.
com/books?hl=en&lr=&id=YKPrEAAAQBAJ&oi=fnd&pg=PA169&dq=didactical+
design+research&ots=ny9c5fe8Ge&sig=FHq7nU6yjOWekvcD9hDg1LB9ejs

[44] Rostina R, Sugiatno S, Siregar N. Development of Didactical Design Concepts of
Areas of Squares and Rectangles Assisted by Geogebra in Middle School. AL-
ISHLAH J Pendidik. 2023;15(4):5023–32.

[45] Rosjanuardi R, Jupri A. Didactical Design on Drawing and Analysing Trigonometric
Functions Graph through a Unit Circle Approach. Int Electron J Math … [Internet].
2020; Available from: https://eric.ed.gov/?id=EJ1279498

[46] Rahayu EG, Juandi D, Jupri A. Didactical design for distance concept in solid
geometry to develop mathematical representation ability in vocational high school.
J Phys Conf Ser. 2021;1882(1):012077.

[47] Putri WK, Suryadi D, Mulyana E. Developing a didactical design: the distance
between a point and a line in three dimensional shape. J Phys Conf Ser.
2020;1521(3):032027.

[48] Putri T, Susanti E, Simarmata RH. Generalization in Exponential Problems as a Part
of Developing Mathematical Abstraction. 4th Sriwij Univ … [Internet]. 2021; Available
from: https://www.atlantis-press.com/proceedings/sule-ic-20/125950301

[49] Prabawanto S, Suryadi D, Mulyana E, Ratnasari D, Dewi F. Didactical design of
integers: an elementary school teachers creation viewed from didactical situation
perspective. J Phys Conf Ser. 2018;1040(1):012037.

[50] Nurhasanah H, Prabawanto S, Sumiaty E. Didactical Design Development Of Linear
Equation In Two Variables Based Learning Obstacle And Hypothetical Learning
Trajectory. J Innov Math Learn. 2019;2(4):186–93.

DOI 10.18502/kss.v10i11.18749 Page 289

https://books.google.com/books?hl=en&lr=&id=YKPrEAAAQBAJ&oi=fnd&pg=PA169&dq=didactical+design+research&ots=ny9c5fe8Ge&sig=FHq7nU6yjOWekvcD9hDg1LB9ejs
https://books.google.com/books?hl=en&lr=&id=YKPrEAAAQBAJ&oi=fnd&pg=PA169&dq=didactical+design+research&ots=ny9c5fe8Ge&sig=FHq7nU6yjOWekvcD9hDg1LB9ejs
https://books.google.com/books?hl=en&lr=&id=YKPrEAAAQBAJ&oi=fnd&pg=PA169&dq=didactical+design+research&ots=ny9c5fe8Ge&sig=FHq7nU6yjOWekvcD9hDg1LB9ejs


ICoSMEE 2023

[51] Nurhasanah F, Kusumah YS, Sabandar J. Concept of Triangle : Examples of
Mathematical Abstraction in Two Different Contexts. Int J Emerg Math Educ.
2017;1(1):53–70.

[52] Nur’Aeni E, Rohmayati F, Muharram MRW, Pranata OH, Hodidjah, Apriani IF. The
Didactical Design of Properties of Triangles based on Pecle Traditional Games in
Primary School. Proc 7th Math Sci Comput Sci Educ Int Semin MSCEIS 2019. 2020;

[53] Nopriana T, Rosita CD, Halbi D. Implementation of Didactical Design of Circle Material
in 8th Grade Junior High School. Kreano. J Mat Kreat. 2022;13(1):100–12.

[54] Nazer I, Hartono B. ELEVATING MATHEMATICAL ABSTRACTION SKILLS IN SMK
STUDENTS WITH MODEL ELICITING ACTIVITIES AND ORIENTED The American
Journal of Social Science and Education Innovations. Am J Soc Sci Educ Innov.
2023;05(11):1–6.

[55] Muin A, Pratiwi AA, Satriawati G. Didactical Design for Overcoming Students
Learning Obstacles on the Inverse Function Concept. TARBIYA J Educ Muslim Soc.
2020;7(2):183–91.

[56] Miftah R, Kurrniawati L, Solicha TP. Mengatasi Learning Obstacle Konsep Transfor-
masi Geometri Dengan Didactical Design Research. Algoritm J Math Educ [Internet].
2019;1(2):156–66. Available from: http://journal.uinjkt.ac.id/index.php/algoritma

[57] Maulidiya M, Nurlaelah E. The effect of problem based learning on critical thinking
ability in mathematics education. J Phys Conf Ser. 2019;1157(4):042063.

[58] Lestari AP. Didactical Design of Mathematical Communication Skill For Comparing
And Sorting Of Fractions Concept By Contextual Teaching And Learning. Soc
Humanit Educ Stud Conf Ser. 2020;3(4):276.

[59] Lee D, Ybanez JB, Vistro-Yu CP. The Role of Visualization Towards Students’
Mathematical Abstraction and Representation in Solving Probabilities. 2022;1(1).
Available from: https://www.researchgate.net/publication/365899232

[60] Kusumaningsih W, Supandi S. Ethnomathematics for congruence concept: a
didactical design in a mathematics classroom. J Phys … [Internet]. 2020; Available
from: https://iopscience.iop.org/article/10.1088/1742-6596/1663/1/012036/meta

[61] Jannah R, Apriliya S. Karlimah. Didactical Design Material Units of Distance and
Speed to Developed Mathematical Connection in Elementary School. J Phys Conf
Ser. 2017;180(1).

[62] Husna A, Ulpa M. Didactical Analysis of Mathematical Literacy Skills to Identify Learn-
ing Obstacles on Space and Shape Content. Alauddin J Math Educ [Internet]. 2023;
Available from: https://journal.uin-alauddin.ac.id/index.php/ajme/article/view/43155

DOI 10.18502/kss.v10i11.18749 Page 290



ICoSMEE 2023

[63] Hendriana H, Fitriani N. Mathematical Abstraction of Year 9 Students Using Realistic
Mathematics Education Based on the Van Hiele Levels of Geometry. J Didakt Mat.
2019;6(1):1–11.

[64] Fuadiah NF, Suryadi D. Turmudi. How to build institutionalization on students: A pilot
experiment on a didactical design of addition and subtraction involving negative
integers. J Phys Conf Ser. 2018;1013(1).

[65] Fitriani N, Sugiman S, Arfah A. Didactical Design of Algebraic Expression from a
Linear Pattern with a Realistic Mathematics Education Approach. J Ris Pendidik Mat.
2023;10(1):1–15.

[66] Fitriani N, Suryadi D, Darhim D. The Students’ Mathematical
Abstraction Ability Through Realistic Mathematics Education With VBA-
Microsoft Excel. Infin J [Internet]. 2018; Available from: http://www.e-
journal.stkipsiliwangi.ac.id/index.php/infinity/article/view/833

[67] Erbay G. Navigating Mathematical Obstacles: Eighth Grade Students
Journey in Overcoming Learning Challenges in Mathematics.
Glob J Humanit Soc Sci [Internet]. 2024; Available from:
https://www.grpublishing.org/journals/index.php/gjhss/article/view/57

[68] Eka F, Sugiatno S, Munaldus M, et al. Didactical Design with Problem Posing to
Overcome Epistemological Obstacles in Problem Solving. J Didakt Mat [Internet].
2023; Available from: https://jurnal.usk.ac.id/DM/article/view/33086

[69] Diana N, Suryadi D, Dahlan JA. Didactical Design of Circle Equation and Tangent
of Circle Analytic Geometry Learning. MSCEIS 2019 Proc … [Internet]. 2020;
Available from: https://books.google.com/books?hl=en&lr=&id=yshdEAAAQBAJ&oi=
fnd&pg=PA161&dq=didactical+design+research&ots=gm5YVkrA_U&sig=taC-
owQ7Rs0w_waYEsQpmRp4x7Mhttps://doi.org/10.4108/eai.12-10-2019.2296529.

[70] Dewi I, Siregar N, Andriani A, Ritonga A. Analysis of Communication and
Mathematical Abstraction Ability of Junior High School Students’ using Student
Activity Sheets Based on Model of Learning Mean – Ends Analysis. In: AISTSSE.
Medan, Indonesi: EAI; 2019.

[71] Ardiansari L. Pra Aljabar: Langkah Baru Mengajar Aljabar Awal (Penerapan Didactical
Design Research). Prox J Penelit Mat dan Pendidik Mat. 2018;1(1):32–44.

[72] Annizar EK, Suryadi D. Desain Didaktis Pada Konsep Luas Daerah Trapesium Untuk
Kelas V Sekolah Dasar. EduHumaniora | J Pendidik Dasar. 2016;8(1):22.

[73] Agustin PS, Nur’Aeni E, Pranata OH, Apriani IF. The rectangle circumference
didactical design based on singing, playing, analyzing, discussing, evaluating
(SPADE) learning model. J Phys Conf Ser. 2021;1806(1):012099.

DOI 10.18502/kss.v10i11.18749 Page 291

https://books.google.com/books?hl=en&lr=&id=yshdEAAAQBAJ&oi=fnd&pg=PA161&dq=didactical+design+research&ots=gm5YVkrA_U&sig=taC-owQ7Rs0w_waYEsQpmRp4x7M https://doi.org/10.4108/eai.12-10-2019.2296529
https://books.google.com/books?hl=en&lr=&id=yshdEAAAQBAJ&oi=fnd&pg=PA161&dq=didactical+design+research&ots=gm5YVkrA_U&sig=taC-owQ7Rs0w_waYEsQpmRp4x7M https://doi.org/10.4108/eai.12-10-2019.2296529
https://books.google.com/books?hl=en&lr=&id=yshdEAAAQBAJ&oi=fnd&pg=PA161&dq=didactical+design+research&ots=gm5YVkrA_U&sig=taC-owQ7Rs0w_waYEsQpmRp4x7M https://doi.org/10.4108/eai.12-10-2019.2296529


ICoSMEE 2023

[74] Adharini D, Herman T. Didactical design of vectors in mathematics to develop
creative thinking ability and self-confidence of Year 10 students. J Phys Conf Ser.
2021;1882(1):012089.

[75] Wafiqoh R. Kusumah yaya S, Juandi D. Two Parts of Reflective abstraction:
For New Problem Solving and Mathematical Concept [Internet]. Proceedings
of the 7th Mathematics, Science, and Computer Science Education Inter-
national Seminar, MSCEIS 2019. Bandung, Indonesia; 2020. Available from:
https://api.elsevier.com/content/abstract/scopus_id/85127562029

[76] Sukarma IK, Isnawan M, Alsulami NM. Research on Nonroutine
Problems: A Hybrid Didactical Design for Overcoming Student Learning
Obstacles. Hum Behav Emerg Technol [Internet]. 2024;2024. Available
from: https://api.elsevier.com/content/abstract/scopus_id/85183699662
https://doi.org/10.1155/2024/5552365.

[77] Subroto T, Suryadi D. Epistemological Obstacles in Mathematical Abstraction on
Abstract Algebra. J Phys Conf Ser. 2018;1132(1):012032.

[78] Ruli RM, Prabawanto S, Mulyana E. Didactical design research of quadratic
function based on learning obstacle and learning trajectory. J Phys Conf Ser.
2019;1157(4):042060.

[79] Priatna N, Martadipura BA, Wibisono Y. Developing geogebra-assisted
reciprocal teaching strategy to improve junior high school students’
abstraction ability, lateral thinking and mathematical persistence [Internet].
Vol. 1013, Journal of Physics: Conference Series. 2018. Available from:
https://api.elsevier.com/content/abstract/scopus_id/85048048532

[80] Panjaitan B. The reflective abstraction profile of junior high school students in solving
mathematical problems based on cognitive style of field independent and field
dependent. J Phys Conf Ser. 2018;1088:1088.

[81] Iswari IF, Susanti E, Hapizah H, Meryansumayeka M, Turidho A. Design
of Problem-Solving Questions to Measure Mathematical Thinking Type
Abstraction. In: Journal of Physics: Conference Series [Internet]. 2019.
Available from: https://api.elsevier.com/content/abstract/scopus_id/85074901238
https://doi.org/10.1088/1742-6596/1318/1/012104.

[82] Hutagalung EE, Mulyana E, Pangaribuan TR. Mathematical abstraction: Students’
concept of triangles. J Phys Conf Ser. 2020;1521(3):032106.

[83] Hong J, Kim KM. Mathematical Abstraction in The Solving of Ill-
Structured Problems by Elementary School Students in Korea [Internet].

DOI 10.18502/kss.v10i11.18749 Page 292



ICoSMEE 2023

Eurasia J Math Sci Technol Educ. 2016;12(2):267–81. Available from:
https://api.elsevier.com/content/abstract/scopus_id/84957886756

[84] Harry AR, Cahya E, Jupri A. Mathematical Abstraction Abilities of Hight
School Students in Term of Cognitive Style. In: Proceedings of the 7th
Mathematics, Science, and Computer Science Education International
Seminar, MSCEIS 2019 [Internet]. Bandung, Indonesia; 2020. Available
from: https://api.elsevier.com/content/abstract/scopus_id/85127550300
https://doi.org/10.4108/eai.12-10-2019.2296504.

[85] Hakim LL, Nurlaelah E. Mathematical mindsets: The abstraction in
mathematical problem solving. In: Journal of Physics: Conference
Series [Internet]. Bandung, Indonesia; 2018. Available from:
https://api.elsevier.com/content/abstract/scopus_id/85058622481

[86] Guntur M, Sahronih S, Ningsih N. The Learning Trajectory Based on STEM
of Elementary School Pupils’ in Solving Proportion Material: Didactical Design-
Research. Particip Educ Res [Internet]. 2023;10(6):84–103. Available from:
https://api.elsevier.com/content/abstract/scopus_id/85178434271

[87] Fitriani N, Nurfauziah P. Gender and mathematical abstraction on geometry.
In: Journal of Physics: Conference Series [Internet]. Cimahi, Indonesia; 2019.
Available from: https://api.elsevier.com/content/abstract/scopus_id/85073204539
https://doi.org/10.1088/1742-6596/1315/1/012052.

[88] Fitriani N, Suryadi D, Darhim D. Analysis of mathematical abstraction on concept of a
three dimensional figure with curved surfaces of junior high school students. J Phys
Conf Ser. 2018;1132(1).

[89] Dewi I, Siregar N, Andriani A. Trial of Design Means-End Analysis Learning
Model Based on Local Cultural Wisdom To Improve Communication
Ability and Mathematical Abstraction of Middle School Students.
In: Journal of Physics: Conference Series [Internet]. 2020. Available
from: https://api.elsevier.com/content/abstract/scopus_id/85082996505
https://doi.org/10.1088/1742-6596/1470/1/012081.

[90] Dewi I, Siregar N, Andriani A. The analysis of junior high school students’
mathematical abstraction ability based on local cultural wisdom. In: Journal of
Physics: Conference Series [Internet]. Medan, Indonesia; 2018. Available from:
https://api.elsevier.com/content/abstract/scopus_id/85055718389

[91] Cahyani L. Masriyah, Rahaju EB. Students’ reflective abstraction of middle school
in reconstructing quadratic equation concept based on high mathematical ability

DOI 10.18502/kss.v10i11.18749 Page 293



ICoSMEE 2023

[Internet]. Vol. 1417, Journal of Physics: Conference Series. 2019. Available from:
https://api.elsevier.com/content/abstract/scopus_id/85078198496

DOI 10.18502/kss.v10i11.18749 Page 294


	INTRODUCTION
	Purpose
	Research question

	METHOD 
	Eligibility criteria
	Search and selection process

	RESULTS AND DISCUSSIONS
	Data extraction
	What are the learning obstacles and learning difficulties found in the research with the topic of mathematical abstraction?
	What are the theories or indicators used in research on the topic of mathematical abstraction?
	RBC+C Abstract Model (Herskowitz, Schwarz, & Dreyfus)
	APOS Theory (Dubinsky, 1991)
	Levels of Reflective Abstraction (Cifarelli, 1988)
	Indicators of Abstraction Capabilities (Battista, 2007)
	Theory of Karadag, S. Katagiri (2004) & J. Mason, L. Burton, & K. Stacey (2010)
	Hong & Kim
	Combination of Skemp (1986), Piaget (1970), & Dreyfus (1991)

	How is the epistemological obstacle in the process of mathematical abstraction in mathematics learning?

	CONCLUSION 
	ACKNOWLEDGMENTS 
	References

