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Abstract

This study aims to analyze the theses conducted using the eye-tracking technology in mathematics
education based on Council of Higher Education (CoHE) Theses Center. In this study, a total
of 12 scientific theses, 7 of which were master’s theses and 5 of which were doctoral theses, were
evaluated. Data were analyzed with content analysis technique. The theses were analyzed under three
headings: descriptive, methodology and topic information. The use of eye-tracking technology in
mathematics education theses in Tiirkiye started with a master’s theses in 2010. The universities that
produced the most publications are Middle East Technical University and Hacettepe University. The
departments that produced the most theses were Computer Education and Instructional Technology
and Information Systems. While most of the master’s theses were designed in accordance with the
mixed research method, most of the doctoral theses were designed in accordance with the quantitative
research method. In the theses conducted, mostly undergraduate and graduate students were studied.

This study was conducted by 6th International Symposium of Turkish Computer and Mathematics Education
(TURCOMAT-6) (28-30 Oct 2023, Ankara) are presented as oral presentations.
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Applications were generally carried out with between 51-70 participants. While interviews were used
in most of the master’s theses, interview method was not used in all of the doctoral theses. The most
preferred eye tracker was Tobii X2-60. Problem solving strategies and usability studies are the main
topics studied using eye-tracking technology in mathematics education.

Keywords: Descriptive research, eye movements, eye tracking, graduate theses, mathematics education
Oz

Bu calisma, Yiiksekdgretim Kurulu (YOK) Ulusal Tez Merkezi veri tabanina dayanarak matematik
egitiminde goz izleme teknolojisi kullanilarak yiiratilmiis tezleri analiz etmeyi amaglamaktadir. Bu
calismada, 7’si yitksek lisans 5’i doktora tezi olmak tizere toplam 12 bilimsel tez degerlendirilmistir.
Tezler sirastyla betimsel 6zellikler, yontem bilgisi ve konu bilgisi olmak tizere ii¢ baslik altinda analiz
edilmistir. Betimsel 6zellikler tezlerin yayinlandigi tez tiirii, yil, tiniversite ve bilim dalini igermektedir.
Yontem bilgisi tezlerin aragtirma yontemi, katilimer Kitlesi, 6rneklem saysy, kullanilan gortisme gesidi
ve goz izleme cihazi tiirti gibi bilgileri icermektedir. Konu bilgisi bashigr altinda ise arastirmanin
hangi konu 6zelinde gergeklestirildigi bilgisi yer almaktadir. Tiirkiyede matematik egitimi tezlerinde
g0z izleme teknolojisinin kullanimi 2010 yilinda bir yiiksek lisans tezi ile baglamistir. En fazla yayin
iireten tiniversiteler Orta Dogu Teknik Universitesi ve Hacettepe Universitesidir. En fazla tez iireten
bilim dali ise Bilgisayar ve Ogretim Teknolojileri Egitimi Bilim Dali ve Bilisim Sistemleri Bilim
Dalrdir. Yiiksek lisans tezlerinin ¢ogu karma aragtirma yontemine uygun olarak tasarlanmisken
doktora tezlerinin ¢ogu nicel arastirma yontemine uygun olarak tasarlanmigtir. Yiirtitiilen tezlerde
¢ogunlukla lisans ve lisans 6grencileri ile ¢alisiimistir. Uygulamalar genellikle 51-70 arasinda katilimci
ile gergeklestirilmistir. Yiiriitiilen yiiksek lisans tezlerinin ¢ogunda goriigme kullanilmigken doktora
tezlerinin tamaminda goriisme yontemi kullanilmamuistir. En fazla tercih edilen goz izleyici Tobii X2-
60 olmustur. Matematik egitiminde goz izleme teknolojisi kullanilarak ¢alisilan konularin basinda
problem ¢6zme stratejileri ve kullanilabilirlik aligmalar1 gelmektedir.

Anahtar Kelimeler: Betimsel arastirma, goz hareketleri, goz izleme, lisansiistii tezler, matematik
egitimi

Genis Ozet

Giris

Teknolojinin gelismesi teknolojik yenilikleri insanligin hizmetine sunmanin yani sira farkl

disiplinlerde yeni bilimsel yontemlerin gelismesine de imkén tanimistir. Bu yontemlerden birisi

de goz izleme (eye tracking) teknolojisidir. Bu teknoloji sayesinde gorev esnasinda bireyin goz

hareketlerini incelemek miimkiin hale gelmektedir. Goz izleme teknolojileri sayesinde bireylerin

algilari, dikkatleri, hafizalar1 veya akil yiiriitmelerinin altinda yatan siiregler hakkinda bilgi elde

edilmektedir (Maurage vd., 2021). Dolayisiyla, g6z hareketlerinin incelenmesi bilissel stirece iliskin

degerli bilgiler vermektedir (Just & Carpenter, 1976).

Goz izleme teknolojilerinin geliserek pratiklesmesi ile bu teknoloji bir¢ok disiplinde yaygin

olarak kullanilmaya baslanmustir. Bu disiplinlerden birisi de egitimdir. Egitim arastirmalar1 arasinda

matematigin yeri benzersizdir. Matematigin sembolik ve gorsel-uzamsal yapisindan dolay1 goz

izleme yonteminin kullanilmasi i¢in elverisli bir alandir. Dolayisiyla yillar icerisinde goz izleme
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yontemi, matematik egitiminde giderek daha popiiler hale gelen bir yontem olmustur (Strohmaier
vd., 2020). Matematik egitiminde goz izleme yontemi matematik temsiller (metin, formiil, grafik),
matematiksel ve geometrik ispat, dort islem, islemsel diisinme, problem ¢ézme siireci ve strateji
belirleme, akil yiiriitme gibi bir¢ok alanda kullanilmaktadir (Andra vd., 2009; Alqassab vd., 2018;
Chesney vd., 2013; Curtis vd., 2016; De Corte, & Verschaffel, 1986; Ischebeck vd., 2016; Okamoto, &
Kuroda, 2014; Plummer vd., 2017).

Uluslararas: literatiirde matematik egitiminde géz izleme yontemi kullanilarak yiriitilmis
caligmalarin incelendigi bir¢ok aragtirma mevcuttur (Mock vd., 2016; Perttula, 2017; Lilienthal &
Schindler, 2019; Strohmaier vd., 2020). Matematik egitimi galismalarinda goz izleme teknolojilerinin
kullanilmas1 uluslararas: literatiirde yaygin bir ¢aligma alani olmasina karsin Tiirkiyede heniiz
emekleme asamasindadir. Bu sebeple, Tiirkiyede yiriitilmiis ¢alismalarin sistematik olarak
incelenmesi giincel egilimlerin belirlenmesine firsat taniyacaktir. Literatiirde bu kapsamda
yurttilmis bir caliyma bulunmamaktadir. Bu nedenle mevcut ¢alisma Tirkiyede matematik
egitiminde goz izleme teknolojisi kullanilarak yapilan lisansiistii tezlerin sistematik incelemesini
sunarak mevcut egilimi ortaya ¢ikarmay ve literatiirdeki boslugu doldurmay: hedeflemistir.

Yontem

Tiirkiyede matematik egitimi alaninda goz izleme teknolojisi kullanilarak hazirlanms tezlerin
olabildigince tam ve dikkatli bir sekilde incelenmesini amaglayan bu arastirma nitel aragtirma
yontemlerinden dokiiman inceleme desenine gore tasarlanmistir. Dokiiman incelemesi, arastirilmasi
hedeflenen olgu veya olgular hakkinda bilgi iceren yazili materyallerin analizini kapsamaktadir
(Naldirim & Simgek, 2016). Calisgmanin amact dogrultusunda incelenen dokiimanlar, Tiirkiyede
matematik egitimi alaninda g6z izleme teknolojisi kullanilarak yapilmis yiiksek lisans ve doktora
tezlerini kapsamaktadir.

Calismanin 6rneklemi Tiirkiyede matematik egitimi ile ilgili goz izleme teknolojisi kullanilarak
yiiriitilmiis tezlerden olusmaktadir. Bu tezlere ulasabilmek igin veri tabani olarak YOK’iin Ulusal
Tez Merkezi tercih edilmistir. Inceleme igin segilen tezlerin analizinde igerik analizi yontemi
kullanilmugtir. Igerik analizi, bir mesajin belirli 6zelliklerinin objektif ve sistematik bir sekilde
taninmasina yonelik ¢ikarimlarin yapildig bir tekniktir (Bityiikoztiirk vd., 2017).

Bulgular ve Tartisma

Tiirkiyede goz izleme teknolojisi kullanilarak yiiriitiilmiis matematik egitimi ile ilgili toplam 12
lisansiistli tez bulunmaktadir. Bu ¢alismalarin ilki 2010 yilina aittir (Tonbuloglu, 2010). Matematik
egitimi ile ilgili tezlerde goz izleme teknolojisinin kullanimi, 2019 yili itibari ile popiilerlik kazanarak
daha fazla aragtirmacinin ilgisini ¢ekmistir. Ulkemizdeki tezlerin yayinlanma egilimi ile uluslararasi
literatiirdeki yayin egilimi paralellik gostermektedir.

Tiirkiyede ilgili konuda en fazla doktora tezine ev sahipligi yapan kurum Hacettepe Universitesi
olmustur. En fazla yiiksek lisans tezine ev sahipligi yapan kurum ise Orta Dogu Teknik Universitesi
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olmugtur. Yiritilen tez galismalarinin bityiikk cogunlugu bilgisayar ve 6gretim teknolojileri egitimi
bilim dal1 ve bilisim sistemleri bilim dalinda iiretilmistir. Matematik egitimi bilim dalinda ise yalnizca
bir adet tez tiretildigi goriilmektedir. GOz izleme aragtirmalarinin saghikli bir sekilde yiiriitiilebilmesi
i¢in teknoloji bilgisi gereklidir ancak yeterli degildir. Matematiksel etkinlikler sirasinda goz izleme
calismalarinin yiiriitilmesi diger alanlarda basarili sekilde uygulananlardan farkli veya degistirilmis
yaklagimlar gerektirebilir (Strohmaier vd., 2020). Bu sebeple, yiiriitilen matematik egitimi
caligmalarina alan uzmanlarinin dahil olmas: 6nemlidir. Bu sayede alanin gerektirdiklerine uygun

olarak arastirma yontemi tasarlanabilir ve elde edilen veriler daha anlaml: sekilde yorumlanabilir.

Tiirkiyede matematik egitimi ile ilgili ytrutilmis goz izleme tezlerinde ¢ogunlukla lisans ve
lisansiistti 6grenciler ile calistlmistir. Bu durum uluslararas: literatiirle benzerlik gostermektedir
(Alemdag & Cagiltay, 2018; Hahn & Klein, 2022; Strohmaier vd., 2020). G6z izleme ¢alismalarinin
deneysel bir siireci icermesi ve laboratuvar ortamina ihtiya¢ duyulmas: sebebiyle iiniversitelere sabit
bir laboratuvar ortami kurularak goz izleme ¢alismalar: bu laboratuvarlarda gerceklestirilmektedir.

Bu nedenle genel olarak iniversite 6grencileri ile ¢alisma tercih edildigi diisiiniilmektedir.

GOz izleme arastirmalar1 deneysel bir siire¢ gerektirmesi ve ¢ok fazla veri saglamasi sebebiyle
genel olarak az sayida katilimci ile gerceklestirilmektedir (Chen & Yang, 2014). Tiirkiyede matematik
egitimi ile ilgili yiirtitiilmis tezler 8 (Malcy, 2021; Tiirkoglu, 2014) ila 115 (Armut, 2021) arasinda
katilimer ile gergeklestirilmistir. Ortalama katilimci sayisi ise 42,4°tlir. Yiiksek lisans ¢aligmalari
genel olarak 30dan az 6grenci ile gerceklestirilirken doktora ¢aligmalar: 30dan fazla 6grenci ile
gerceklestirilmistir.

Goz izleme verilerini bir baglam icerisinde yorumlamak zor oldugundan dolay: arastirmalarin
ipuculu geriye doniik sesli diistinme protokolii ile desteklenmesi 6nerilmektedir (Elling vd., 2011;
Tobii Technology, 2009). Yapilan incelemede Tiirkiyede matematik egitimi ile ilgili yiiriitilen goz
izleme tezlerinde genel olarak herhangi bir goriismenin kullanilmadig1 belirlenmistir. Goriigme
yapilan tezlerde ise es zamanli sesli diistinme, yar1 yapilandirilmig gériisme ve yapilandirilmig gériigme
yontemleri kullanilmustir. Tezlerde geriye doniik sesli diigtinme yonteminin hi¢ kullanilmamasi
dikkat ¢ekicidir. Bu durumun geriye doniik sesli diisiinme yonteminin diger yontemlere kiyasla daha

fazla zaman gerektirmesinden kaynaklandig: disiiniilmektedir.

Matematik egitiminde yiiriitiilen goz izleme tezlerinde kullanilan cihazlarin neredeyse tamami
statik olmakla birlikte yalnizca bir tanesi mobil (gozliik) formdadir. Aragtirmalarda ¢ogunlukla Tobii
marka goz izleme cihazlar1 kullanilmistir. En ¢ok tercih edilen g6z izleme cihazi modeli 60 Hz'lik veri

ornekleme frekansi saglayan Tobii X2-60’t1r.

Tiirkiyede goz izleme teknolojisi kullanilarak yapilan matematik egitimi tezlerinde genel olarak
problem ¢ozme stratejileri, grafikli soru okuma becerisi, kullanilabilirlik, zihinsel déndiirme siireci,
soru tiirlerine ve sunum bigimlerine gore yanitlarin incelenmesi, test ve madde istatistiklerinin
incelenmesi, ¢oklu temsil kullaniminin incelenmesi ve 6gretimin etkililiginin degerlendirilmesi

konularinda ¢aligma yapildig1 belirlenmistir.
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Introduction

With the development and introduction of technology into our lives, the 21st century has begun
to be called the “information age” or “digital age”. This age has not only brought technological
innovations to the service of humanity, but also enabled the development of new scientific methods
in different disciplines. One of these methods is eye-tracking technology.

Visual information first reaches the eye. For this reason, the eyes are an important source for
analyzing information. Various eye-tracking methods and technologies have been introduced over
the years to analyze eye movements. Eye-tracking technologies have a history of about 150 years.
Javal’s (1878) study is considered to be the first source in which eye movements were analyzed. In this
study, the researcher used a method involving physical contact. In his later studies, he observed eye
movements with the help of mirrors (Javal, 1879). These methods, which were based on observation
in the early years, were harmful and impractical. However, with the continuation of research and the
development of technology, the methods were tried to be improved and their disadvantages were
tried to be eliminated. Thus, the eye-tracking method has become more useful and practical.

Eye-tracking technologies provide information about the processes underlying individuals’
perception, attention, memory, or reasoning (Maurage et al., 2021). Therefore, the study of eye
movements provides valuable information about the cognitive process (Just & Carpenter, 1976). The
devices used for eye tracking are of two types: static systems and mobile systems. Static systems
are typically connected to stimuli presented on a computer screen. In contrast, mobile systems are
devices worn on an individual’s head or integrated into eyeglasses (Hahn & Klein, 2022; Holmqvist
etal., 2011).

Eye-tracking data is difficult to assess and interpret on its own as it does not provide context
for the researcher. Therefore, eye-tracking data should be combined with other methods and data
that provide additional information about participants’ experiences (Tobii Technology, 2009). The
primary method that provides data about participants’ experiences is interviews. Eye-tracking studies
are generally supported by a think-aloud protocol (Alhadreti et al., 2017; Olmsted-Hawala et al.,
2010). The think-aloud protocol is divided into two retrospective and concurrent. In the synchronous
think-aloud method, the participant makes verbal explanations about the task while completing
the task (Hyrskykari et al., 2008). When the participant expresses himself/herself while completing
the task, his/her attention is divided and may lead to misleading results. In the retrospective think-
aloud method, after completing the task, the participant makes a verbal explanation about how the
task was completed (Hyrskykari et al., 2008). However, since recall problems may also occur in this
method, fabricated or incomplete expressions may be used (Elling et al., 2011). In order to avoid
these disadvantages, the cued retrospective think-aloud method is recommended (Elling et al., 2011;
Tobii Technology, 2009). In this method, participants are given cues (such as video, gaze graph or
gaze video) that help them remember the process after the task is completed and asked to think aloud
retrospectively (Van Gog et al., 2005).

With the development and practicalization of eye-tracking technologies, this technology has been
widely used in many disciplines. One of these disciplines is education. Mathematics has a unique place
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among educational research. Due to the symbolic and visual-spatial structure of mathematics, it is a
favorable field for the use of eye-tracking method. Therefore, over the years, eye tracking has become
an increasingly popular method in mathematics education (Strohmaier et al., 2020). In mathematics
education, the eye-tracking method is used in many areas such as mathematical representations
(text, formula, graph), mathematical and geometric proof, four operations, procedural thinking,
problem solving process and strategy determination, reasoning (Andra et al., 2009; Alqassab et al.,
2018; Chesney et al., 2013; Curtis et al., 2016; De Corte, & Verschaffel, 1986; Ischebeck et al., 2016;
Okamoto, & Kuroda, 2014; Plummer et al., 2017).

In the international literature, there are many studies examining studies using eye-tracking
methods in mathematics education. Mock et al. (2016) conducted a study on numerical cognition
to evaluate the added value of eye tracking in investigating number processing. Perttula (2017)
conducted a study on mathematical representations. Lilienthal and Schindler (2019) examined
mathematics education studies published in the PME (Psychology of Mathematics Education)
symposium in terms of the eye trackers and types of analysis used. As a result of all these studies,
Strohmaier et al. (2020) conducted a systematic review on mathematics education. In this study, 161
eye-tracking studies were examined and these studies were analyzed in the categories of publication
year, journal, topic, eye tracker type, stimuli (task type, presentation, interest area), sample, research
design, data processing, and interpretation of eye movements.

Although the use of eye-tracking technologies in mathematics education studies is a common
field of study in the international literature, it is still in its infancy in Tiirkiye. Therefore, a systematic
review of studies conducted in Tiirkiye will provide an opportunity to identify current trends. There
is no study conducted in this context in the literature. Therefore, the research problem of the current
study was determined as “What is the current trend of graduate theses conducted using eye-tracking
technology in mathematics education in Tiirkiye?’

Purpose of the study

The field of mathematics education is unique among educational research fields in the way it uses
text, mathematical symbols and visualizations and how these forms of representation are integrated
(Andra et al,, 2009; Ott et al,, 2018). The study conducted by Strohmaier et al. (2020) shows that
the number of studies using eye tracking in mathematics education has increased rapidly in the last
decade, with approximately 20 studies published annually. Using the eye-tracking method in the field
of mathematics education provides various advantages to the researcher. Strohmaier et al. (2020) list
them under three items:

1.  What is considered important in mathematics education is not the answer to a problem, but
the strategies used and the paths followed by students in solving that problem. Eye-tracking
practices are practices that focus on the process rather than the result. Therefore, using the
eye-tracking method in mathematics education studies provides the opportunity to observe
solution processes without disturbing students (e.g., Inglis & Alcock, 2012; Obersteiner &
Tumpek, 2016).
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2. Mathematics makes use of visualizations in many forms such as graphs, tables, etc. At the
same time, mathematical objects are generally abstract in nature. Therefore, visualization
and mental representations are important issues for mathematics education. It is quite
difficult to identify the mental representations in students’ minds. Eye tracking is a method
that helps to make mental representations of mathematical objects visible (e.g., Hartmann et
al., 2016; Myachykov et al., 2015).

3. Cognitive processes in mathematical thinking are often complex. Therefore, it is very difficult
to understand the cognitive process of students, especially in younger age groups. The eye-
tracking method sheds light on cognitive processes that cannot be consciously reported (e.g.,
Moeller et al., 2009; Ott et al., 2018).

Considering the increasing prevalence of eye tracking in mathematics education and the
advantages of this method in mathematics education, it was deemed important to determine the
profile of eye-tracking studies in the field of mathematics education in Tiirkiye. In this context, the
present article aims to fill the gap in the literature by presenting a systematic review of graduate
studies in the field of mathematics education in Tiirkiye using the eye-tracking technology. In order
to determine the current trend, the types, years, universities, disciplines, number of participants,
research methods used, types of interviews used, eye-tracking models and topics studied were

examined.

The findings of this study can be an important reference for researchers in terms of revealing
the current trends in the field in terms of descriptive, methodology, and topic information. In
addition, analyzing and revealing the general outlook of graduate studies conducted using eye-
tracking technology in the field of mathematics education is important in terms of contributing to
the development of the field and the researchers who will work in the field. In addition, comparing
the findings of the study with international systematic studies will contribute to identifying gaps
in Tiirkiye or areas where there is room for improvement. In this framework, the findings of the
study are important in terms of contributing to the researchers to examine more current issues with
different methods, participant groups and analysis techniques by examining the status of the studies
conducted in the field.

Method

Research design

This study, which aims to examine the theses prepared using eye-tracking technology in the field
of mathematics education in Tiirkiye as completely and carefully as possible, was designed according
to the document review design, one of the qualitative research methods. Document review involves
the analysis of written materials containing information about the phenomenon or phenomena
targeted for research (Yildirim & $imgek, 2016).The documents examined for the purpose of the
study include master’s and doctoral theses in the field of mathematics education in Tiirkiye using
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eye-tracking technology. The current study is not subject to ethics committee approval as no human

data was collected.

Data collection procedures

The sample of the study consists of theses on mathematics education in Tiirkiye that were
conducted using eye-tracking technology. In order to access these theses, CoHE Theses Center was
preferred as a database. The keywords “ g6z izleme”, “ goz hareketi”, “ goz takip”, “eye movement,
“eye tracking” and “eye-tracking” were used to search the database (Access Date: 04.08.2023). The
subject area was limited to the categories of “education and training” and “mathematics” Since it was
aimed to examine all theses published in the national literature, no year limitation was made. All
thesis studies published until August 2023 were included in the study. Information about the data

collection process that took place as a result of the aforementioned restrictions is given in Figure 1.

First search (n= 111)

k' 2
One copy (n=45)

¥ ’ﬂxut related to maths education (n= 33)

Eelated to maths education (n= 12)

Same copy (n= 66)

Figure 1. Data collection processes.

As a result of the search in the database, 111 theses were reached. While 107 of them are in the
subject area of education and training, 4 of them are in the subject area of mathematics. Among
the theses, 66 repeated theses were excluded from the analysis. This left a total of 45 theses, 43 in
the field of education and training and 2 in the field of mathematics. Finally, when the abstracts
and methods of these theses were examined in detail, theses that were not related to mathematics
education were eliminated. At the end of the theses selection process, 12 follow-up studies that were
found to be related to mathematics education were identified for the current review (Akal, 2019;
Armut, 2021; Bagcivan, 2022; Bayazit, 2013; Cosguner, 2022; Karaca, 2023; Malci, 2021; Tonbuloglu,
2010; Tirkoglu, 2014; Uzunosmanoglu, 2013; Yagmur, 2014; Yilmaz, 2019).

In the examination of the theses, the graduate theses examination form created by the researchers
in accordance with the objectives of the study was used as a data collection tool. The graduate theses
review form was created by the researchers before the examination of the theses by looking at the
theses review forms previously used in the relevant literature (Goktas et al., 2012; Ucar & Akbolat,
2021; Yardim & Engin, 2021). In the form, descriptive characteristics (type, publication year,
university, department), methodological information (research method, participation audience,

sample size, interview technique, type of eye tracker) and topic information were included.
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Data analysis

Content analysis method was used to analyze the theses selected for the analysis. Content analysis
is a technique in which inferences are made to recognize certain features of a message in an objective
and systematic way (Biyiikoztiirk et al., 2017). According to this method, the data obtained are
summarized and interpreted according to predetermined themes (Yildirim & $imsek, 2016).

Publication

Thesis type year University Department
' . Research Participant : Interview T}'pe of eye-
METHODOLUCY method audience gl s technique tracker
Topic studied

Figure 2. Data analysis categories.

The theses selected for analysis were analyzed under three headings: descriptive, methodology, and
topic information (Figure 2). Descriptive characteristics include the type of theses, year, university, and
discipline in which the theses were published. Methodology information includes information such
as the research method, participant population, sample size, type of interview and type of eye tracker
used. Finally, under the heading of topic information, there is information on the specific topic of the
research. The findings are presented in tables as frequency (f) and percentage (%).

Findings

The present study, it is aimed to reveal the current trend in graduate theses conducted in the
field of mathematics education in Tiirkiye using eye-tracking technology. The findings obtained for
this purpose are presented under the headings of descriptive, methodology and topic information
respectively.

Descriptive findings

In CoHE Theses Center, 12 studies on mathematics education in which eye-tracking technology
was used were found. Statistical information about the type of theses is given in Table 1.

Table 1. Distribution of Graduate Theses according to Type.

Theses Type f %
Master Theses 7 58,3
Doctoral Theses 5 41,7
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When the Table 1 is examined, it is seen that the majority of these studies were produced in the
master’s degree type. It was determined that there were 7 (58,3%) master’s theses and 5 (41,7%)
doctoral theses conducted using eye-tracking technology in the field of mathematics education in
Tiirkiye. Statistical information on the years in which graduate theses were published is given in
Table 2.

Table 2. Distribution of Graduate Theses according to Publication Year.

Year Master Theses Doctoral Theses Total

f % f % f %
2010 1 14,3 0 0,0 1 8,3
2013 1 14,3 1 20,0 2 16,7
2014 2 28,5 0 0,0 2 16,7
2019 1 14,3 1 20,0 2 16,7
2021 1 14,3 1 20,0 2 16,7
2022 1 14,3 1 20,0 2 16,7
2023 0 0,0 1 20,0 1 8,3
Total 7 100,0 5 100,0 12 100,0

When the Table 2 is examined, it is seen that the use of eye-tracking technology in mathematics
education theses in Tiirkiye started with a master’s study in 2010. Doctoral dissertations started to be
published in 2013. When the table is analyzed, it is seen that the publication process that started in
2010 continued in 2013 and 2014.. However, no publications were produced for four years between
2014 and 2019. Then, as of 2019, the field of study came to the agenda again and more regular
publications started to be produced. The historical development of theses in the field of mathematics
education in Tiirkiye using eye-tracking technology is given in Figure 3.

Ld P ®
« ® . ® .
*
. 2010 2013 2014 2019 2021 2022
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er0
» Middle East + Middle East + Middle East * Middle East * Middle East .
Marmara Technical Technical Technical Technical Technical Necmettin
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*» Hacettepe * Baskent + Istanbul * Gazi Univ » Hacettepe
Univ Univ Univ Univ

Figure 3. Universities publishing by years.

According to Figure 3, it is seen that the first thesis study on the related subject was conducted at
Marmara University in 2010. Afterwards, it is noteworthy that Marmara University has not produced
any thesis on the related subject. Middle East Technical University, on the other hand, started to
produce theses in 2013 and produced regular publications in the following years. Detailed statistical
information about the universities producing publications on the related subject is given in Table 3.
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Table 3. Distribution of Graduate Theses according to Universities.

University Master Theses Doctoral Theses Total
f % f % f %

Bagkent University 1 14,3 0 0,0 1 8,3
Gazi University 0 0,0 1 20,0 1 8,3
Hacettepe University 0 0,0 2 40,0 2 16,7
Istanbul University 1 143 0 0,0 1 8,3
Marmara University 1 14,3 0 0,0 1 8,3
Necmettin Erbakan University 0 0,0 1 20,0 1 8,3
Orta Dogu Teknik University 4 57,1 1 20,0 5 41,7

When the table is examined, it is seen that although master’s theses were conducted in 4 different
universities, the majority of the theses were conducted at Middle East Technical University (METU)
(f=4, 57,1%). Doctoral theses were conducted in 4 different universities and the university with the
highest number of publications was Hacettepe University (f=2, 40,0%). When the graduate theses
are evaluated together, it is seen that 7 different universities published on the related topic. Middle
East Technical University (METU) (f= 5, 41,7%) produced the highest number of theses among the
universities. Statistical information about the disciplines in which the theses in which eye-tracking
technology was used in the field of mathematics education were conducted is given in Table 4.

Table 4. Distribution of Graduate Theses according to Disciplines.

Disciplines Master Theses Doctoral Theses Total

f % f % f %
Computer Education and Instructional Technology (CEIT) 4 57,1 1 20,0 5 41,7
Information Systems 2 28,6 0 0,0 2167
Mathematics Education 0 0,0 1 20,0 1 8,3
Assessment and Evaluation in Education 0 0,0 1 20,0 1 8,3
Educational Technology 1 14,3 0 0,0 1 8,3
Preschool Education 0 0,0 1 20,0 1 8,3
Teaching Turkish as a Foreign Language 0 0,0 1 20,0 1 8,3

When the table is examined, it is seen that the majority of the theses were conducted in the
Department of Computer Education and Instructional Technology (f=5; 41,7%) and the Department
of Information Systems (f=2; 16,7%). In addition to these, theses studies were also conducted in
Mathematics Education, Assessment and Evaluation in Education, Educational Technology,
Preschool Education and Teaching Turkish as a Foreign Language.

Methodology Findings

When the eye-tracking theses conducted in the field of mathematics education are examined, it
is seen that the theses are generally designed in accordance with mixed (f=6; 50,0%) and quantitative
(f=4; 33,4%) research methods. Detailed statistical information on the research methods used in the
theses studies is given in Table 5.
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Table 5. Distribution of Graduate Theses according to Research Methods.

Research Methods Master Theses Doctoral Theses Total
f % f % f %
o Correlational 0 0,0 2 40,0 2 16,7
Quantitative )
Experimental 1 14,3 1 200 2 16,7
Qualitative Case study 1 14,3 0 0,0 1 8,3
Mixed 5 71,4 1 20,0 6 50,0
Not stated 0 0,0 1 20,0 1 8,3
Total 7 100,0 5 100,0 12 100,0

When Table 5 is examined, it is seen that the majority of master’s theses were designed according
to mixed research method (f=5; 71.4%), while doctoral theses were designed according to quantitative
research method (f=3; 60.0%). Among quantitative research methods, correlational (f=2; 40,0%) and
experimental (f=1; 20,0%) research methods were preferred. Table 6 presents statistical information
about the participant groups in which the eye-tracking theses in mathematics education in Tiirkiye
were conducted. Since some studies were conducted with more than one participant group at the

same time, the frequency sum in the table differs from the number of theses.

Table 6. Distribution of Graduate Theses according to Participant Audience.

Participant Audience Master Theses Doctoral Theses Total
f % f % f %

Preschool student 0 0,0 1 16,7 1 6,3
Primary school student 1 10,0 1 16,7 2 12,5
Secondary school student 1 10,0 1 16,7 2 12,5
Undergraduate student 5 50,0 1 16,7 6 37,5
Graduate student 3 30,0 1 16,7 4 25,0
TOMER/DILMER student 0 0,0 1 16,7 1 6,3

When Table 6 is examined, it is seen that the master’s studies were mostly conducted with
undergraduate (f=5; 50,0%) and graduate (f=3; 30,0%) students. In addition, master’s studies were
also conducted with primary (f=1; 10,0%) and secondary (f=1; 10,0%) students. Doctoral studies
were conducted with undergraduate (f=1; 16,7%), graduate (f=1; 16,7%), preschool (f=1; 16,7%),
primary (f=1; 16,7%), secondary (f=1; 16,7%) and TOMER/DILMER (f=1; 16,7%) students. When
the graduate theses are evaluated together, it is seen that the highest number of participants were
undergraduate (f=6; 37,5%), graduate (f=4; 25,0%), primary (f=2; 12,5%) and secondary (f=2;
12,5%) students, respectively. Statistical information on the number of participants in the conducted
theses is given in Table 7. Sample numbers were classified according to the reference intervals in the
classification form of Goktas et al. (2012). The theses in the related literature were conducted with
an average of 42,5 participants ranging from N _ = 8 (Malci, 2021; Tiirkoglu, 2014) to N = 115
(Armut, 2021).
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Table 7. Distribution of Graduate Theses according to Sample Size.

Sample Size Master Theses Doctoral Theses Total

f % f % f %
1-10 3 42,9 0 0,0 3 25,0
11-30 3 42,9 0 0,0 3 25,0
31-50 0 0,0 1 20,0 1 8,3
51-70 1 14,3 3 60,0 4 33,3
71-100 0 0,0 0 0,0 0 0,0
101+ 0 0,0 1 20,0 1 8,3
Total 7 100,0 5 100,0 12 100,0

When Table 7 is examined, it is seen that master’s studies are generally conducted with less than 30
students, while doctoral studies are conducted with more than 30 students. When the postgraduate
studies were evaluated together, the highest number of students was 51-70 (f=4; 33,3%). The number
of participants followed by 1-10 (f=3; 25,0%) and 11-30 (f=3; 25,0%).

When the eye-tracking theses conducted in the field of mathematics education are examined,
it is seen that interviews were not conducted in most of the theses. Detailed statistical information
according to theses types is given in Table 8. Since more than one type of interview can be used in a

theses, the total frequency is different from the number of theses.

Table 8. Types of Interviews Used in Graduate Theses.

Interviews Types Master Theses Doctoral Theses Total

f % f % f %
Concurrent think aloud 2 25,0 0 0,0 2 15,4
Semi-structured interview 2 25,0 0 0,0 2 15,4
Structured interview 2 25,0 0 0,0 2 154
No interview 2 25,0 5 100,0 7 53,8

When Table 8 is examined, it was determined that interviews were not used in all doctoral theses.
In master’s theses, it was determined that interviews were generally used. The interview types used
were concurrent think aloud (f=2; 25,0%), semi-structured interview (f=2; 25,0%) and structured

interview (f=2; 25,0%).

One of the most important elements of eye-tracking studies is the eye trackers used. Since each
device has different features, sensitivity and accuracy levels, it is important to know the eye trackers
used in the studies. It is seen that many different devices were used in theses conducted in the field
of mathematics education in Tiirkiye using eye-tracking technology. Statistical information about the

devices used is given in Table 9.
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Table 9. Eye Tracker Models Used in Graduate Theses.

Eye Tracker Master Theses Doctoral Theses Total
f % f % f %
Tobii X2-60 3 33,3 1 20,0 4 28,6
T-70 0 0,0 1 20,0 1 7,1
T-120 2 22,2 0 0,0 2 14,3
T-1750 1 11,1 0 0,0 1 7,1
TX-300 0 0,0 1 20,0 1 7,1
Pro Glasses 2 0 0,0 1 20,0 1 7,1
Model 1 11,1 0 0,0
unspecified ! 7l
Gaze Point GP3 0 0,0 1 20,0 1 7,1
SMI Experiment 2 22,2 0 0,0 2 14,3

When the table is examined, it is seen that Tobii brand devices are generally preferred. Although
the majority of the devices used in the theses were screen-based (static) devices, only one theses used
a device in the form of glasses (mobile) (Tobii Pro Glasses 2). The most preferred models were Tobii
X2-60 (f=4; 28,6%), Tobii T-120 (f=2; 14,3%) and Senso Motoric Instruments (SMI) Experiment
(f=2;14,3%).

Topic Information Findings

Eye-tracking technology has been used in many different subjects in the field of mathematics
education in the international literature. In order to determine the specific topics of the eye-tracking
theses in the field of mathematics education in Tiirkiye, the topics of the related theses were examined.
Statistical information about the topics covered in the theses is given in Table 10.

Table 10. Topic Distribution of Graduate Theses.

Topic Master Theses Doctoral Theses  Total

f % f % f %
Problem solving strategies 3 429 0 0,0 3 25,0
Ability to read questions with graphs 0 0,0 1 20,0 1 83
Usability 3 42,9 0 0,0 3 25,0
Mental rotation process 1 14,3 0 0,0 1 8,3
Analyzing responses according to question types and
prese};tatigon slzyles e " 0 0.0 ! 200 ! 83
Examination of test and item statistics 0 0,0 1 20,0 1 8,3
Examining the use of multiple representation 0 0,0 1 20,0 1 8,3
Effectiveness of teaching 0 0,0 1 20,0 1 8,3
Total 7 100,0 5 100,0 12 100,0

When the table is analyzed, it is seen that the majority of the studies are examining problem
solving strategies (f=3; 25,0%) and usability (f=3; 25,0%). In addition to these, theses studies were
also carried out on the ability to read questions with graphics, mental rotation process, examination
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of answers according to question types and presentation styles, test and item statistics, use of multiple
representation and effectiveness of teaching.

Discussion, Conclusion, and Suggestions

In Tirkiye, there are a total of 12 graduate theses on mathematics education using eye-tracking
technology. The first of these studies is from 2010 (Tonbuloglu, 2010). The use of eye-tracking
technology in theses on mathematics education has gained popularity as of 2019 and attracted the
attention of more researchers. The publication trend of the theses in our country and the publication
trend in the international literature are parallel. In the international literature, the use of eye-tracking
technology has gained popularity since 2008 (Carter & Luke, 2020). Eye-tracking studies on learning
have become popular since 2009 (Lai et al., 2013). Strohmaier et al. (2020) found a significant increase
in studies on mathematics education between 2006 and 2014. According to this study, the number of
eye-tracking studies on mathematics education in the international literature has started to increase
since 2006. The related subject area has become popular since 2014. Lilienthal and Schindler (2019)
also reported at the PME symposium that eye-tracking studies in mathematics education started to
be conducted as of 2013. In line with the findings obtained from the current study, it is seen that the
national literature closely follows the international literature.

When the universities hosting the theses are evaluated, the highest number of doctoral theses were
conducted at Hacettepe University (Bayazit, 2013; Cosguner, 2022). However, no master’s studies
were conducted at this university. Similarly, while most master’s theses were conducted at Middle
East Technical University (Bag¢ivan, 2022; Malci, 2021; Uzunosmanoglu, 2013; Yagmur, 2014), only
one doctoral theses was produced at this university (Yilmaz, 2019). This shows us that universities
focus on certain theses types and gain expertise in those theses types. When all theses types are
evaluated together, it is seen that Middle East Technical University is the university that conducts the
most theses using eye-tracking technology in the field of mathematics education. The university’s
first theses on the related topic was produced in 2013. It is thought that the fact that METU has
its own Human-Computer Interaction Research and Application Laboratory plays a role in this
situation. This laboratory was established in 2006, but as of 2012, in accordance with the “ISO/IEC
17025 General Requirements for the Competence of Testing and Calibration Laboratories” standard
of the Turkish Standards Institute (TSE), it was authorized as the first and only accredited laboratory
of TSE in Tiirkiye, where product certification studies will be carried out within the scope of “T'S EN
ISO/IEC 9241-151 Ergonomics of Human-System Interaction — Part 151: Guidance on World Wide
Web User Interfaces” (Middle East Technical University, n. d.). For this reason, it is estimated that the
university has gained momentum in publication production as of 2013. In addition to METU, there
are human-computer interaction laboratories at Gebze Technical University, Istanbul University,
Hacettepe University, Bogazi¢i University, Eskisehir Technical University, Anadolu University and
Eskisehir Osmangazi University.

Master’s theses studies aim for students to gain basic research skills such as research, use of
academic language, data analysis and presentation of data. Doctoral theses studies, on the other
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hand, require more expertise, time, and in-depth study in the field. In our country, mathematics
education studies conducted using eye-tracking technology are generally at the master’s level. The
insufficiency of doctoral theses in the field shows that more studies should be conducted in this field.

The majority of the theses studies conducted in Tiirkiye were produced in computer education
and instructional technology discipline (Akal, 2019; Bagcivan, 2022; Bayazit, 2013; Malci, 2021;
Tonbuloglu, 2010; Tiirkoglu, 2014) and information systems discipline (Uzunosmanoglu, 2013;
Yagmur, 2014). Only one theses was produced in the field of mathematics education (Karaca, 2023).
Technology knowledge is necessary but not sufficient for eye-tracking studies to be conducted in a
healthy way. Conducting eye-tracking studies during mathematical activities may require different
or modified approaches from those successfully applied in other fields (Strohmaier et al., 2020). For
this reason, it is important to involve field experts in mathematics education studies. In this way,
the research method can be designed in accordance with the requirements of the field and the data
obtained can be interpreted more meaningfully. Therefore, in-depth investigations can be conducted
with the involvement of field experts in the research process.

Most of the eye-tracking theses on mathematics education in Tiirkiye were conducted with
undergraduate and graduate students. This is similar to the international literature (Alemdag
& Cagiltay, 2018; Hahn & Klein, 2022; Strohmaier et al., 2020). Strohmaier et al. (2020) consider
the predominance of university students in eye-tracking studies in mathematics education to be
problematic since many topics in mathematics education are related to school-age children. However,
due to the nature of the eye-tracking application, the researcher was provided with a variety of
materials such as eye trackers, control computers, monitors, voice recorders, etc. in eye-tracking
applications. In addition, since eye-tracking studies basically aim to measure attention, it should
be applied in an environment free from distracting factors. Therefore, a laboratory environment is
needed. Since it is a laborious process to invite students to the laboratory or to move the laboratory
to the schools where the implementation will take place, a fixed laboratory environment is usually
created in universities. Therefore, working with students studying in institutions where the laboratory
is available facilitates the implementation process. In addition, in eye-tracking studies, participants
are expected to pay attention to the relevant stimulus for a certain period of time. Considering the
developmental characteristics of young students, it is very difficult for them to pay attention to a
stimulus for a long time. For all these reasons, it is thought that university students are preferred in
eye-tracking studies.

Eye-tracking studies are generally conducted with a small number of participants because they
require an experimental process and provide a lot of data (Chen & Yang, 2014). In Tiirkiye, theses
on mathematics education were conducted with between 8 (Malci, 2021; Tiirkoglu, 2014) and 115
(Armut, 2021) participants. The average number of participants was 42,4. This is in line with the
systematic reviews on eye tracking in the literature. Hahn and Klein (2022) conducted a systematic
review in the field of physics education and found that research was conducted with an average of 54,4
participants ranging from 15 to 119. In Strohmaier et al’s (2020) review in the field of mathematics
education, it was determined that the average number of participants per experiment was 28,56.
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Qualitative research methods provide more in-depth information than quantitative methods
(Karatas, 2015). Considering that doctoral theses are more specialized studies, it is thought that
qualitative methods can be used more in doctoral theses compared to master’s theses. However,
as a result of the current review, contrary to expectations, it was determined that almost all of the
master’s theses were designed in accordance with qualitative and mixed research methods (Akal,
2019; Karaca, 2023; Malci, 2021; Tonbuloglu, 2010; Tiirkoglu, 2014; Uzunosmanoglu, 2013; Yagmur,
2014). Almost all of the doctoral dissertations were designed in accordance with the quantitative
research method (Armut, 2021; Cosguner, 2022; Yilmaz, 2019). Since there is no study examining
theses in the international literature, it is not yet possible to compare the methods used in theses
with the international literature. For this reason, when the theses analyzed in the current study were
evaluated as a whole, it was determined that mixed and quantitative designs were generally used
in the studies, respectively. This situation is similar to the international literature. Strohmaier et al.
(2020) found that 54% of the studies they examined used within-subject design or mixed design.
Lilienthal and Schindler (2019) also reported that the majority of the papers published in PME were
designed according to the quantitative method. In line with this information, it was concluded that
the national and international literature is similar and that mixed and quantitative methods are
generally used in eye-tracking studies in mathematics education.

As aresult of the analysis, it was determined that the number of participants differed significantly
according to theses types. While master’s studies were generally conducted with less than 30 students,
doctoral studies were conducted with more than 30 students. The reason for this is that master’s theses
are designed according to qualitative and mixed research method while doctoral theses are designed
according to quantitative research method. In quantitative research, the number of participants
should be high in order to make generalizations, while in qualitative research, it is appropriate to
work with fewer students in order to make in-depth analysis (Marshall, 1996; Teddlie & Yu, 2007).

Since it is difficult to interpret eye-tracking data in a context, research is generally supported by
a think-aloud protocol (Alhadreti et al., 2017; Boren & Ramey, 2000; Elling et al., 2011; Olmsted-
Hawala et al, 2010). Among the think-aloud protocols, it is recommended to use the cued
retrospective think-aloud method (Elling et al., 2011; Tobii Technology, 2009). In the review, it
was determined that in general, no interviews were used in the eye-tracking theses conducted on
mathematics education in Tiirkiye. In the theses where interviews were conducted, concurrent think
aloud, semi-structured interview and structured interview methods were used. It is noteworthy that
retrospective think aloud method was never used in the theses. This is thought to be due to the fact
that retrospective think aloud method requires more time compared to other methods.

Almost all of the devices used in the eye-tracking theses conducted in mathematics education
are static and only one of them is mobile (glasses). Mostly Tobii brand eye tracker were used in the
studies. The most preferred eye-tracker model is the Tobii X2-60, which provides a data sampling
frequency of 60 Hz. Tobii T-120 and SMI Experiment were the next most frequently used devices.
This is in line with international literature. As a result of the international literature review, it was
determined that static systems are generally used in educational research (Hahn & Klein, 2022;
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Lilienthal & Schindler, 2019). Commonly used devices are Tobii, SMI Experiment and SR Research
(Belen, 2022; Hahn & Klein, 2022; Strohmaier et al., 2020).

Many topics related to mathematics education can be studied with eye-tracking methods. In their
review, Strohmaier et al. (2020) classified the topics studied in the field of mathematics education
under the following headings: i) Numbers and arithmetic, ii) Geometry, shape, and form, iii) Reading
and word problem solving, iv) Reasoning and proof, v) Use of mathematical representations, vi)
Learning difficulties, vii) Computer-supported learning, viii) Mathematical problem solving,
ix) Statistics and x) Affective variables. In the current study, it was determined that studies were
conducted on problem solving strategies, ability to read questions with graphics, usability, mental
rotation process, examination of responses according to question types and presentation formats,
examination of test and item statistics, examination of the use of multiple representation and
evaluation of the effectiveness of teaching. In addition, it is seen that there is a lack of studies in the
subject areas mentioned by Strohmaier et al. (2020) such as numbers and arithmetic, reasoning and
proof, learning difficulties, computer-support learning, statistics and affective variables.

In line with the information obtained from the current study, the following suggestions can be
made:

It is seen that there is a limited number of theses on eye tracking in the field of mathematics
education in Tirkiye. The reason for this may be that educators are not familiar with this method
and eye-tracking devices are expensive. There are two options for researchers to access eye-tracking
devices. The first one is to purchase the device by utilizing certain project supports. The second is
to practice in laboratories already established in some universities. For this reason, it is difficult for
researchers to conduct new studies on the relevant subject. Therefore, conducting research on the
relevant subject and carrying out the process in a healthy way makes collaborative work mandatory.

In order to increase the number of theses on eye tracking in mathematics education in Tiirkiye, it
is important to inform mathematics educators about eye-tracking technology and the types of data
it can provide. Encouraging mathematics educators to conduct research on this topic will increase
the number of studies on attention in mathematics education. It will also be an opportunity to
study more specific topics related to mathematics education such as arithmetic, geometry, statistics,
probability, measurement, reasoning and proof, learning difficulties, computer-support learning,

and mathematization.

As the existing literature has generally studied undergraduate and graduate students, it is
recommended that future research be conducted with participant groups that have been little or
never studied before, such as primary school students, secondary school students, and students
with special needs. Furthermore, age is an important factor affecting eye movements (Holmqvist
et al,, 2011; Rayner et al,, 2012). Therefore, studying with younger students also means that the
generalizability of the findings will increase.

In order for eye-tracking data to be interpreted properly in context, it is recommended that it be
used with methods and data that provide additional information about the participants” experiences
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(Tobii Technology, 2009). One of these methods is the interview. As a result of the review, it was
determined that the interview method is generally not used in the theses conducted in Tiirkiye and
eye-tracking data is used alone. In future studies, it is reccommended that the eye-tracking method
should be supported with the interview method, especially with the cued retrospective thinking
aloud method.

Eye-tracking applications can be carried out with mobile and static-eye trackers. As a result of
the current study, it was determined that static eye trackers were generally used in the theses. Mobile
eye-trackers provide the participant with head movement flexibility. Therefore, it is recommended
to use mobile eye-trackers in tasks where participants need to observe their surroundings and move
physically. In studies conducted on a fixed screen, static eye trackers are recommended.

Ethics Committee Approval: No procedures requiring ethics committee approval were carried out
during the data collection process of this study. Therefore, no Ethics Committee Approval document was
obtained.
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