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Abstract
This study aimed to determine the variables affecting the eye-movements of second-
language (L2) learners of Turkish in Türkiye while solving a test consisting of ques-
tions that included graphics. A total of 115 L2 learners participated in the research 
(21 in the pilot study and 94 in the main study). We presented a test consisting of 
five multiple-choice questions with graphics (GT) as a stimulus on the screen and 
investigated the following variables to see whether participants’ eye-movements 
were affected by age, gender, native country, mother tongue, reading direction in 
the mother tongue, department at the university, education level, opting to have 
questions with graphics in the Turkish Learning, Research and Application Center 
(TÖMER) and the Language Teaching Research and Application Center (DİLMER) 
exams and success on the GT. We investigated whether these independent vari-
ables had an effect on the eye-movement measurements and examined the relation 
between the GT success and success on the TÖMER/DİLMER comprehension 
exam. Results indicate that gender, education level, opting to have graphic questions 
in the TÖMER/DİLMER exams, and GT success had significant effects on various 
eye-movements.
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1  Introduction

Turkish is a language that is increasingly in demand, especially by individuals 
from the Middle East, Africa, and Central Asian countries. Many of these peo-
ple come to Türkiye for undergraduate and graduate studies. Before starting their 
education, they learn Turkish for about a year with preparatory courses. Language 
teaching centers such as TÖMER and DİLMER established within universities do 
most of the teaching of Turkish to L2 learners.

Preparing assessment-evaluation materials suitable for various language teach-
ing levels is an important need for Turkish-teaching centers, and centers should 
know L2 learners’ characteristics to prepare accurate materials based on learners’ 
levels. However, no evidence exists about the effect of variables such as gender, 
mother tongue, and reading direction in the mother tongue on the test achieve-
ment of L2 learners of Turkish. In addition, there are no studies on the cognitive 
processes of L2 learners of Turkish during test situations. Eye-movements can 
be very informative about these cognitive processes. As a matter of fact, there 
is a relation between eye-movements and cognitive processes (Just & Carpenter, 
1980) and the eyes can be described as the windows to the mind (Duffy, 1992). 
In this respect, the eye-tracking technique, which provides important clues about 
cognitive processes, can provide important information about the cognitive pro-
cesses of L2 learners of Turkish while taking the GT.

The Common European Framework of Reference for Languages (CEFR; 
Council of Europe [CE], 2020), which is accepted as the main reference source 
in second/foreign language teaching in Europe, places an important emphasis on 
graphics. There are important explanations and descriptors in the CEFR for the 
use of graphics at different levels in language teaching. However, reading and 
comprehending graphics, multiple texts accompanied by graphics, and questions 
with graphics do not have an important place in language teaching centers in Tür-
kiye. Every language has its own visual literacy (Bruski, 2011). In this respect, 
graphics accompanied by Turkish texts also form their own grammar and vocabu-
lary as a visual literacy category. Therefore, it would be meaningful to investigate 
the cognitive processes of L2 learners of Turkish while taking a test consisting of 
questions with both text and graphics. Eye-tracking is a very suitable technique 
for investigating such processes.

1.1 � Eye‑tracking

Eye-tracking is a technique based on the online measurement of eye-movements 
with the help of infrared light. In this system, infrared light reflected on the cor-
nea follows eye-movements on a screen or with the help of a small camera in 
natural environments. Movements are recorded with the help of a special soft-
ware that has an eye-tracking algorithm (Dolgunsöz, 2015). In this process, sev-
eral near-infrared light sources create reflection patterns on the cornea that are 
invisible to the eyes of the viewer (Al-Edaily et al., 2013).
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The eye-tracking technique can help researchers understand visual attention. 
With eye-tracking, it is possible to learn where users have looked at one point in 
time and one can get an idea of how long something has been looked at. The path 
followed by users’ eyes can be investigated (Schall & Romano Bergstrom, 2014).

The eye-tracking technique is a relatively new technology. It is increasingly in 
demand in applied linguistics, second language acquisition, and in investigating 
tasks that are traditionally measured using offline tecniques (e.g., paper–pencil tests, 
assessment tasks, think-aloud protocol, and interviews). Eye-tracking is also com-
monly used to monitor eye-movement behaviors while participants are looking at 
still images, viewing scenes, or watching videos (Conklin & Pellicer-Sánchez, 
2016). Advantages and applications of the eye-tracking technique include access to 
pre-attentive behavior, understanding sequential strategies, and error analysis (Gold-
berg & Helfman, 2011).

According to Duffy (1992), eye-movement recording is currently the best way 
to get information about moment-to-moment operations during reading comprehen-
sion. In this context, eye-tracking is widely used to obtain answers to some questions 
during reading. Many researchers interested in the language process use eye-track-
ing technology to view the eyes while reading (Conklin & Pellicer-Sánchez, 2016). 
Eye-movement, which is considered to be closely related to cognitive processes, 
represents the attention of the user. Therefore, the aforementioned processes can be 
observed via the eye-tracking technique (Biedert et al., 2010).

The literature on the eye-tracking indicates that a large number of eye-movement 
measures are available. However, Duchowski (2007) reported that the primary 
aim in eye-movement analysis is to identify fixations, saccades, and straight pur-
suits. Rayner et al. (2006) stated that there are three basic dimensions of eye-move-
ment during reading: saccades, fixations, and regressions. Winke et al. (2013) also 
explained that eye-movement behavior is divided into two distinct categories: fixa-
tions and saccades.

Fixations refer to instances when the eye-movements stop scanning and focus on 
a particular part of a visual field (Schall & Romano Bergstrom, 2014). Fixations are 
eye-movements that focus the retina on an immobile object of interest. These move-
ments are actually described as miniature eye-movements such as tremors, drifts, 
and micro-saccades (Duchowski, 2007). During reading, a fixation takes about 
200–250 ms (ms; Rayner et al., 2006).

Rayner et al. (2006) stated that while eyes are generally thought to move straight 
across the page, in reality the eyes make a number of rapid movements separated 
by pauses called fixations that typically last about 200–250 ms. They added that the 
new information is decoded only during fixations, citing that vision is suppressed 
during saccades. For skilled readers, the eyes typically advance seven to ten letter 
gaps per saccade.

Saccades are the rapid movements of the eye from one fixation to the next to help 
unite the whole scene one is looking at (Schall & Romano Bergstrom, 2014). These 
saccades are rapid eye-movements used to reposition the fovea to a new span in the 
visual environment (Duchowski, 2007). Saccades occur when a person moves their 
eyes from one area to another, providing new visual information to the cognitive 
system (Winke et al., 2013).
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Rayner (1998) stated that while reading, looking at a scene, or scanning an 
object, continuous eye-movements called saccades occur. He added that between 
these jumps, the eyes remain relatively still for about 200–300 ms during fixation. 
Saccadic movements are both systematic and reflexive. These movements can be 
performed voluntarily or run as a confirmatory optokinetic or vestibular measure 
(Duchowski, 2007).

Rayner (1998) reported that the average saccade size when reading English is 
seven to nine letter gaps. Reichle et  al. (1998), on the other hand, stated that the 
duration of most fixations in reading is between 200 and 350 ms, and most saccades 
(from left to right when reading English) are between five and nine characters. They 
indicated that the saccades take about 15 to 40 ms.

There are functional relations between the fixation duration and the properties 
of the fixed words. Readers spend more time fixating on more difficult and impor-
tant words than focusing on easier words, and they are more likely to focus on long 
words than short words. Words that are likely to be skipped are function words that 
are shorter (Dussias, 2010). Dehaene (2017) stated that in reading, fixation must 
occur at least once on almost all content words such as nouns or verbs, although 
small grammatical words such as this and that can sometimes be omitted. There is 
also a common misconception that readers are not fixated on every word, but on 
only a small part of the text, perhaps every two or three words (Just & Carpenter, 
1980).

Regressions are eye-movements in which the reader refixes to the previously fixed 
information (Duffy, 1992). Reichle et al. (1998) emphasized that not all saccades go 
from left to right. They reported that there are return movements that take the reader 
from the end of a line to the beginning of the text. They also stated that the reader 
moves backwards in the text about 10% of the reading time. Skilled readers regress 
to the previously read part 10 to 15% of the time they read (Rayner, 1998; Rayner 
et al., 2006). Rayner (2009) stated that regressions are not particularly well under-
stood because it is difficult to control them experimentally. Because it is difficult to 
deduce empirically from regressions, examining them is more difficult than examin-
ing forward saccades (Rayner, 1998).

If the return is low during reading, the comprehension level is high. This hypoth-
esis is based on speed reading, also known as native speaker reading (Hayashi et al., 
2002). Longer regressions in a text largely reflect failure to understand (Conklin 
& Pellicer-Sánchez, 2016). Also, regressions must be distinguished from return 
sweeps. Return sweep refers to saccades from right to left from the end of the line to 
the beginning of the next line (Rayner, 2009).

Another term in eye-tracking studies is areas of interest. Areas of interest are 
areas that can be used to detect fixations on the stimulus image and to identify scan 
sequences and transitions (Goldberg & Helfman, 2010; Holmqvist et al., 2011). Sim-
ply put, areas of interest define the regions in the stimulus from which the researcher 
aims to collect data (Holmqvist et al., 2011). Likewise, based on the objectives of 
the research, it may be important to obtain information about where the participants 
first looked on the page, how long they looked there, and whether they focused on 
the content or quickly moved to another area of the screen (Olmsted-Hawala et al., 
2014). Area of interest is a region of stimulus relevant to one of the study’s research 
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questions. This area can be a navigation bar, software widget, a paragraph of text, a 
product on a shelf, an information board, or a wayfinding sign at an airport. Custom-
izing the areas of interest is necessary for quantitative analysis. Areas of interest are 
needed to calculate most eye-tracking measurements (Bojko, 2013).

Another related subject is the devices used for tracking the eyes. Eye-movement-
tracking devices generally collect information about the location and duration of eye 
fixation in a particular area. When objects such as words and pictures are shown, 
a person’s eye-movement can be observed while they are looking at those words 
or pictures (Tai et al., 2006). This technique usually works by illuminating the eye 
with infrared light from one or more light sources, and reflections from the eye are 
recorded with the camera. One of the advantages of infrared lights is that they are 
invisible to the user. Thus, users are not disturbed while working with the eye-track-
ing device (Biedert et al., 2010).

1.2 � Graphics

Graphics began to be used extensively by William Playfair about 200 years ago to 
show data (Cleveland & McGill, 1984). Playfair developed almost all of his basic 
graphic designs, wishing to replace traditional number tables with systematic visual 
representations of his linear arithmetic (Tufte, 2006).

Acartürk (2015) stated that graphics are communication tools that are frequently 
used in daily life. Graphics are used in conjunction with texts in scientific journals 
as well as written and electronic media in daily life (Habel & Acartürk, 2011). Doc-
uments containing figures (e.g., graphics, drawings, and photographs), tables, and 
equations along with text are common in both print and electronic media (Habel & 
Acartürk, 2007). Graphics can be important to students to turn complex data into an 
easy-to-understand visual (Stoerger, 2018). According to Schiff (1998), one of the 
best ways to make information more useful is to use graphical representations. One 
of the striking facts about human consciousness is that it prefers to process quantita-
tive information graphically (Pinker, 1990). Therefore, graphic representations can 
be one of the most appropriate tools that can help present quantitative information in 
a more concise and clear way.

Graphics are diagrams that display data (Reed, 2010). They are technical ele-
ments within the scope of visual literacy together with advertisements, posters, 
brochures, digital signs, and tables (Maden & Altunbay, 2016). According to Tufte 
(2006), data graphics visually display measured quantities through the combined use 
of points, lines, a coordinate system, numbers, symbols, words, shading, and color.

Tufte (2006) stated that the simplest and most powerful of the methods for ana-
lyzing and communicating statistical information is well-designed data graphics. 
Spence (2005) cited that when Playfair presented statistical data for nineteenth cen-
tury European countries, he did so in graphic form, because he believed that catch-
ing the eye is the best way to convey a particular idea when it comes to proportion 
and size.

The scope of graphics and what constitutes graphics are issues to consider when 
working with graphics. Plass and Jones (2005) considered graphics, together with 
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diagrams, photographs, and maps, in the category of picture that has the property 
of non-dynamic material. Acartürk (2015) wrote that statistical graphics, also called 
information graphics, are descriptive representations that reflect data. Simkin and 
Hastie (1987) described bar, pie, and line graphs as graphics.

It is also possible to consider what qualifications a competent individual should 
have in reading graphics. Ainley et  al. (2000) argued that expertise in graphics 
requires three distinct competencies: (a) an understanding of how to interpret and 
use graphics; (b) knowledge of the layout and technique of graphics, such as using 
scale; and (c) the practical skills required to produce graphics manually. Strobel 
et al. (2016), on the other hand, stated that identifying trends and comparing score 
differences are regular graphic reading tasks that are mostly necessary to understand 
and interpret data sets. Pinker (1990) stated that graphic readers must do two things: 
First, they must accurately represent the objects on the graph. Second, they must 
remember or understand which dimensions of the visual components of the graphic 
take the place of which of the mathematical scales the graph is trying to link.

One issue with graphics is their design. Tufte (2006) revealed the following 
principle regarding graphic design: First of all, data should be displayed. He added 
that this principle is also the basis of a theory for data graphs. In this context, Tufte 
explained the Data-Ink theory that he put forward. Accordingly, most of the ink in 
a graph should present data. As the data change, the ink changes. Data ink is the 
indelible core of a graphic. After discussing this theory through various examples 
within the scope of Data-Ink theory, Tufte listed the following principles on the sub-
ject: (a) first of all, show the data; (b) increase the data ink rate; (c) delete ink that is 
not data related; and (d) review and edit.

1.3 � Multiple‑choice questions

Today, the multiple-choice question format is still widely used in educational circles, 
especially on standardized exams. According to Boylu (2019), the multiple-choice 
question is the most preferred question type in teaching Turkish as L2, especially at 
the B2 and C1 levels. This question type is also frequently preferred in centers that 
teach Turkish as L2. Despite the widespread use of multiple-choice questions, we 
need more work to develop, implement, and standardize multiple-choice-type ques-
tions, especially in the context of teaching Turkish as L2. The study conducted by 
Işıkoğlu (2015) on teaching Turkish as L2 criticized the questions on proficiency 
exams prepared by two institutions. Gedik (2017) also focused on multiple-choice 
questions in regards to measurement and evaluation in teaching Turkish as L2. 
The thesis study by Boylu (2019) on setting standards with measurement evalua-
tion in teaching Turkish as L2 allocated an important part to multiple-choice-type 
questions.

According to Özçelik (2010), a multiple-choice question is a type of question in 
which a question is asked and the answer to the question is given with three or four 
statements that are not the correct answer. In such questions, what is expected from 
the student is to read the question posed, to think about the answer, and to mark 
the correct answer found among the given ones. Multiple-choice questions require 
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students to choose the correct response from a list of options. There are variations 
such as choosing a single-most probable answer or multiple probability options. The 
most well-known examples are based on choosing a single correct answer from two, 
three, or four options (McKenna, 2019).

It is possible to classify multiple-choice questions within their type. One of these 
question classes is the context-based item. While Haladyna (2004) discussed the 
context-based item, the stimulus for such a question is a picture, photograph, chart, 
graphic, figure, table, written text, poem, story, problem, or narrative. In this respect, 
it is natural for graphics to be included in context-based questions.

Haladyna et al. (2002) emphasized that the traditional multiple-choice question, 
which is one of the multiple-choice item formats, is well known and is widely used 
in achievement tests at all levels and with many content types. The authors stated 
that all books recommend this format, and that all test publishers use this traditional 
form for their standardized tests. There are many reasons why multiple-choice ques-
tions are in high demand. For example, since they can be marked automatically and 
objectively in principle, multiple-choice questions save time, self-control, and feed-
back in terms of marking (McKenna, 2019).

Haladyna et  al. (2002) stated that the science of writing multiple-choice items 
is advancing, but writing items is still a creative activity. For this reason, we can 
expect an eye-tracking study to make a significant contribution to the field of prepar-
ing multiple-choice questions.

1.4 � Significance of the study

When it comes to language and reading research, many people focus only on written 
texts. However, visuals accompany many written texts in real-life situations. Moreo-
ver, according to Reed (2010), most learning is based on combining pictures and 
words.

Tepgeç and Seferoğlu (2019) stated that multimedia learning is one of the areas 
in which eye-tracking measurements are widely used in the context of education. 
However, these studies are insufficient when compared with reading studies on this 
subject (Acarturk et al., 2008b; Habel & Acartürk, 2009, 2011).

The Assessment Areas table of the Programme for International Student Assess-
ment (PISA) 2012 National Final Report positioned graphics within the scope of 
reading, not within the scope of mathematics and science. Here, together with lists, 
figures and diagrams, they were shown as reading materials (Anıl et al., 2015).

Reading and interpreting graphics are skills that may not require any training. 
However, in a study conducted on the topic of misunderstanding hierarchical graphs, 
Körner (2005) emphasized the significance of training on graph reading, and stated 
that hierarchical graphs can be understood very little without training. Acartürk 
(2015) also emphasized that little is known about how people interpret graphics, 
although they are used frequently.

The interaction between language and graphics is not a well-researched area 
when compared to research on multiple understanding of pictorial and diagram-
matic representations (Habel & Acartürk, 2009). Research on the relations based on 
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multiple indicators consisting of graphics and vocabulary is rather limited (Parodi 
et al., 2018).

According to Escalante-Talavera (2018), little is known about how language 
learners read and solve problems while being tested. Bayrak-Karslı et  al. (2020) 
emphasized that few studies using eye-tracking technology are applied to text-
based problem solving. While it is important to work on perceptions of different 
graphic types, it is also important to investigate the problem situations containing 
the graphic visuals in L2 learning situations and how the minds of L2 learners work 
in this process. In this way, we can obtain significant findings in terms of both the 
language learning processes of the learners and their future in the education system, 
for which they are getting ready.

According to Özer et al. (2020), studies in the field of eye-tracking are limited in 
Türkiye. Tepgeç and Seferoğlu (2019) examined the theses that explored the eye-
tracking technique in Türkiye and they could not identify any studies conducted in 
the field of teaching Turkish as L2 during the period of 2006 to 2018.

Haladyna et al. (2002) stated that researchers rarely evaluate the effect of item-
writing techniques according to individual characteristics such as age, gender, and 
ability level. In this respect, it is important to investigate in the current study the 
effects of many individual variables on eye-movements, as addressed in the context 
of multiple-choice graphic questions.

1.5 � Previous studies

There are studies reported in the literature that mostly associate the eye-tracking 
technique with multiple-choice questions and problem solving in the context of 
native language. In one of these studies, Tsai et  al. (2011) investigated the use of 
the eye-tracking technique to study how students solve science questions. Results 
showed that, when solving an image-based multiple-choice science problem, stu-
dents generally placed more importance on the selected options than the unpreferred 
options.

In addition, successful problem solvers focused more on relevant factors. Those 
who solved problems unsuccessfully faced difficulties in solving the problems, rec-
ognizing the relevant factors and focusing. Tsai et  al. (2011) stated that students 
spend more time in general screening on their preferred option and successful prob-
lem solvers examine options in a different pattern than unsuccessful solvers.

In their study, Sajka and Rosiek (2015) sought to confirm these hypotheses on 
multiple-choice science questions based on the eye-tracking technique. Results 
showed that the participants generally spent more time analyzing the selected areas. 
Sajka (2017) conducted an eye-tracking study on a graphic multiple-choice math 
question about motion and determined that experienced and inexperienced people 
have different problem-solving approaches.

In Tai et al.’s (2006) pilot study on multiple-choice science questions, they tried 
to make inferences via the eye-tracking technique about the components of students’ 
performance. They worked with only six preservice teachers. The results revealed 
differences in eye-gazing behavior between different disciplines and similarities 
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among participants with similar scientific backgrounds. Lindner et al. (2014) com-
pared the multiple-choice-item solving processes of students with high and low prior 
knowledge. Results of theirs eye-tracking study revealed that students with both 
high prior knowledge and low prior knowledge showed a bias toward subjectively 
preferred answer options. Students with high prior knowledge spent more time on 
objectively correct answers. The researchers concluded that students with both high 
and low prior knowledge showed similar patterns of attention distribution over time.

Bayrak-Karslı et al. (2020) conducted a study to investigate the effect of differ-
ent problem-solving strategies used in multiple-choice questions on success, time to 
solve the question, the number of fixations, and the amount of regression to the pre-
viously read field was investigated. Time spent on the question part, the number of 
fixations, and the number of returns to the read field were found to be significantly 
higher for those who used the strategy of reading the question part first compared to 
those who used the paragraph strategy.

In Karaoğlan-Yılmaz and Yılmaz’s (2019) study, they evaluated one question 
asked on the exam within the scope of the Instructional Technologies and Mate-
rial Design in the Educational Sciences section of the 2018 Public Personnel Selec-
tion Examination (KPSS). In the study conducted with 13 university students, the 
researchers determined that the student who took the longest time to answer the 
question exhibited a lot of saccadic motion between the question part and answer 
options. They reported that this student found the correct answer by compar-
ing each option with the question part. They also determined that the participant 
who answered the question in the shortest amount of time exhibited less transition 
between the question part and the answer options.

In some studies, researchers investigated via the eye-tracking technique issues 
such as how graphics are perceived or processed instead of focusing on multiple-
choice questions or problem situations. In one of these studies, Kim and Lombardino 
(2015) examined the effectiveness of graphic processing according to text. Results 
showed that students did not always process the graphics more effectively than the 
text conveying the same information. Students processed the graphics much faster 
than the text only when more complex questions were presented. The advantage of 
graphics over text was less pronounced when more complex graphic patterns were 
presented. Students also spent most of their time looking at specific information 
about axes and labels, with the increasing complexity of charts and tasks.

In his research on hierarchical graphics, Körner (2004) determined via the eye-
tracking technique that all visual features in terms of overall response times and 
fixation numbers have an effect on graphic comprehension, to varying degrees. He 
revealed that planarity was the dominant visual feature, while other features had a 
smaller effect. He determined that there was no significant effect for slope and level 
in terms of total fixation numbers and that the visual features are independent of 
each other.

Acarturk et al. (2008a) studied how the graphic form (e.g., straight or bent shape) 
and the annotation mark affect the interpretations of the temporal features of the 
annotated event. They also investigated how the salient points change in the case 
of the legend text and the legend mark. In the experimental session, the subjects 
examined the graph shown to them on each screen and indicated their comments by 
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clicking on the response scale given under the x-axis on the same screen. According 
to the study results, most of the subjects reported that the annotated event occurred 
at a certain point in time under flat graph conditions. On the other hand, almost half 
of the subjects reported that the annotated event occurred in a time interval under 
curved graph conditions. Results showed that texts in the graphs did not reveal sig-
nificant changes in the distribution of the mean number of fixations and gaze time 
values in the previously mentioned areas of interest compared to the distributions in 
the unexplained graphs. Values increased with the addition of annotated text. The 
addition of a legend icon (and the addition of legend text) caused major changes 
in the distribution of average fixation numbers and the distribution of average gaze 
duration values in curved graphs.

In another study, Habel and Acartürk (2011) investigated people’s causal infer-
ence structures while interpreting verbally labeled graphics. In this study, they 
explored the standard use of annotations in simple line graphs. Their results revealed 
that the position of the annotation and the shape of the chart line influenced reader 
judgments regarding the causal attributions between the event presented with the 
annotation and the process lines and status lines in the graph.

In another study, Acartürk (2014) examined participants’ one-sentence verbal 
definitions of graphics and, besides the presence or absence of graphical cues, how 
the type of graph (i.e., agonic line, angular line, and column graph) affects the con-
ceptualization of graph formation. After the graphic display was presented as a stim-
ulus on the screen, the participants wrote a single sentence describing the graphic. 
Acartürk stated that the presence of graphical cues had a strong effect by attracting 
the participants’ attention. While the participants spent similar amounts of time on 
angular and agonic line graphs, the time for column graphs was shorter.

In another study, Lohse (1993) introduced a computer program that simulates 
graph and table perception. This program estimates the time to answer a question 
embedded in a graphical representation from assumptions about the order of eye fix-
ations, short-term memory capacity and time limits, and the degree of difficulty in 
obtaining information at each glance. Lohse found that the participants answered the 
table questions faster than the column and line graph questions. Carpenter and Shah 
(1998) proposed a model for understanding line graphs. The model was calculated 
in terms of the pattern and duration of eye fixations of college students interpreting 
three-dimensional line graphs.

Strobel et al. (2016) aimed to find out whether graphic readers prefer the numeri-
cally advantageous graphic type as a function of the task within the scope of the 
optional graphic processing hypothesis in their research. Results revealed that 
the participants changed their graph preferences depending on the task type and 
improved their preferences throughout the graph task. In addition, the rate of graphic 
literacy was found to be relatively high. The mean total fixation time was longer for 
the bar graph on the difference task and longer for the line graph on the trend task.

In some studies on graphics, researchers did not use the eye-tracking technique 
to investigate participants’ skills such as interpreting graphics and drawing. Kıranda 
and Akpınar (2020) determined what kind of difficulties seventh-grade students had 
with graphics. Results revealed that most of the participants thought they did not 
have any difficulties while reading and drawing graphics. Students who thought they 
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had difficulties in drawing graphs indicated that they found the graphs confusing and 
failed to draw graphs according to the data. Those who thought they had difficulty 
in reading graphics found the graphics difficult, complex, and boring. The study 
revealed that the participants found themselves most competent with bar graphs, and 
stated that they had the most difficulty with line graphs.

Oruç and Akgün (2010) aimed to reveal the level at which seventh-grade students 
had acquired graphic reading skills in a Social Studies course. They found that the 
students’ general graphic reading skills were below 50% and determined that the 
students were at a very low level in reaching an average result or finding differences 
based on presented data. The students’ ability to read one-dimensional graphics was 
high, but their graphics reading skills were insufficient in two-dimensional situations 
such as the display of bar and line graphs together.

Sezgin-Memnun (2013) examined seventh-grade students’ ability to draw and 
read line graphs and whether these skills differed according to mathematics course 
scores. Results showed that the majority of the participants had the ability to read 
line graphs. However, a significant number of students’ line graph-drawing skills 
were found to be inadequate. Sezgin-Memnun concluded that the students’ math-
ematics course achievement had a positive effect on their ability to read and use line 
graphs.

The eye-tracking technique has been used in research in which other visual aids 
besides graphics were the topics. In one of these studies, Hallowell and Heuer 
(2005) compared the distribution of eye-movements in controlled and uncontrolled 
image designs. Based on the irregular fixation distributions obtained at the end of 
the research, the researchers stated that thumbnails posed a great risk of distrac-
tion compared to the carefully prepared images. Jian (2017) used the eye-tracking 
technique to investigate the cognitive processes and reader characteristics of sixth-
grade students in illustrated scientific texts. Eye-movement data showed that well-
performing readers spent significantly more reading time on the whole text, text por-
tion, and diagram section than poor performers. Well-performing readers showed 
significantly longer average fixation durations than poor-performing readers. Also, 
well-performing readers made more transitions between text and diagrams.

Hannus and Hyöna’s (1999) study examined the effect of authentic textbook 
materials on learning among 10-year-old primary school children with high and low 
abilities. Children’s eye-movements were measured while learning picture textbook 
passages to examine how children divided their attention between text and pictures. 
Results showed that learning was largely guided by the text, and children viewed the 
pictures at the lowest level.

Jian and Wu (2015) investigated the strategies readers use while reading a dia-
grammatic science article. Undergraduate students read a scientific article while 
their eye-movements were tracked and then completed a reading comprehension 
test. The researchers found that the text-diagram referencing strategy was widely 
used. However, they found that some readers also used other strategies, such as read-
ing the diagram or the text first.

Mason et  al. (2015) used the eye-tracking tecnique to investigate the process-
ing of illustrated text. In their study, seventh-grade students read an illustrated sci-
ence text while their eye-movements were recorded. A cluster analysis revealed two 
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processing patterns that differed for the time spent on key concepts in text and image 
during the first-pass reading. During the reread, two models of stronger and weaker 
integrative processing emerged. The combination of verbal and graphic information 
emerged with the frequency of the second jumps of transition from text to picture 
and picture to text, and with the time of reexamination of the picture when rereading 
the text information and rereading it. Hierarchical regression analysis revealed that 
integrative processing models uniquely predicted verbal and graphical recall and 
information transfer during the second-pass reading only.

Mason et al. (2013b) used the eye-tracking technique to examine primary school 
students’ reading of an illustrated science text. They identified three patterns based 
on clustering analysis findings: high integrators, intermediate integrators, and low 
integrators. The researchers explained the characteristics of these patterns in the 
context of eye-movements.

Schnotz et al. (2014) investigated whether image processing differs from text pro-
cessing. They analyzed pupils’ eye-movements in terms of the number of fixations in 
different areas of interest and eye-movement transitions between these areas. Results 
revealed that text and images served fundamentally different functions associated 
with different processing strategies in goal-directed knowledge acquisition and that 
texts were more likely to be used for context-oriented general processing.

Canham and Hegarty (2010) investigated psychology students’ understanding of 
weather maps and whether the information reduction hypothesis could be general-
ized to the understanding of weather maps. They also investigated whether extra-
neous information in a graphical representation reduces students’ performance and 
how the extra information interacts with subject area knowledge. They tracked the 
students’ eyes before and after they taught them the meteorological principles.

The eye-tracking technique is a methodology used in both native language and 
L2 studies. In one of the studies within this scope, Baştuğ et al. (2019) compared 
university students’ eye-movements in oral and silent reading. They found that the 
number and duration of the participants’ blinks were higher in oral reading than in 
silent reading, but this difference was not statistically significant. The researchers 
determined that the number of pauses and the average pause time were significantly 
higher in oral reading than in silent reading and that the distance of the navigation 
paths was greater in oral reading.

Harada (1988) used the eye-tracking technique to examine the effect of three dif-
ferent orthographic presentations of a text in Japanese on the reading behavior of 
native and nonnative Japanese readers. Results indicated that the intermediate group 
whose native language was not Japanese was significantly more fixed than those 
whose native language was Japanese. This group also showed more regressive fixa-
tions than native Japanese speakers. To accommodate unfamiliar text presentations, 
the nonnative Japanese intermediate group showed significantly greater fixation than 
native Japanese speakers. They also showed significantly more regression than the 
native language group. Beginner nonnative speakers of Japanese also showed a sig-
nificantly longer fixation duration than the native language group.

Lim (2017) also used the eye-tracking technique to examine the reading processes 
of Chinese L2 learners of English in the iBT TOEFL reading section. Only eye-
tracking data of high scorers were examined here (i.e., eye-movement pattern and 
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fixation duration). Results revealed that the participants predominantly exhibited 
careful reading below the paragraph level. Lim determined that the questions at the 
word level were also unsuccessful in revealing the learners’ inference ability.

Escalante-Talavera (2018) used the eye-tracking technique to study native Span-
ish speakers of English and determine how quickly learners at different levels read 
texts at different difficulty levels. Escalante-Talavera determined the variability 
in speed reading by the interaction of the learner and text level. Regardless of the 
learner level, the reader groups adapted to the text difficulty and read more carefully 
as the difficulty level increased.

In his eye-tracking study, Ayhan (2019) aimed to determine what kind of differ-
ences and similarities existed in the Turkish reading performance of L2 learners of 
Turkish. Another purpose of his study was to level the reading texts prepared by dif-
ferent institutions. Ayhan included in his report the relations between gender, native 
language reading direction, and age independent variables and eye-tracking meas-
urements in the context of the books titled Gazi, Hitit, and Yunus Emre.

Yurtman-Kaçar (2018) aimed to validate multiple text reading tasks on foreign 
language proficiency exams through oral-protocol and eye-tracking techniques. In 
the study, she presented questions about reading multiple texts on language pro-
ficiency exams such as the The Examination for the Certificate of Competency in 
English (ECCE), The Michigan English Test (Met), Integrated Skills in English 
(ISE) II to 10 students. Results revealed that the Integrated ISE II exam did not aim 
to adequately and accurately measure multiple text reading skills. On the other hand, 
the Met was not special enough in terms of making skill definitions functional. Yurt-
man-Kaçar concluded that ECCE aimed to adequately and comprehensively meas-
ure multiple text-reading skills.

Based on this review of the existing literature, it is clear that there are no reports 
of studies based on the eye-tracking technique regarding the role of graphics which 
have an important emphasis in the CEFR and in L2 teaching.

1.6 � Research questions

The following research questions served as the framework of this study:

1.	 Is there a relation between success on the GT and success on the TÖMER/
DİLMER comprehension exam?

2.	 Does the duration of the first fixation eye-movement parameter differ according to 
gender, direction of reading in the mother tongue, university department, educa-
tion level, opting for graphic questions on the TÖMER/DİLMER, GT success, 
age, country, and mother tongue?

3.	 Does the duration of the total fixation eye-movement parameter differ according 
to gender, direction of reading in the mother tongue, university department, edu-
cation level, opting for graphic questions on the TÖMER/DİLMER, GT success, 
age, country, and mother tongue?

4.	 Does the number of the fixation eye-movement parameter differ according to 
gender, direction of reading in mother tongue, university department, education 
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level, opting for graphic questions on the TÖMER/DİLMER, GT success, age, 
country, and mother tongue?

5.	 Does the total visit time eye-movement parameter differ according to gender, 
direction of reading in mother tongue, university department, education level, 
opting for graphic questions on the TÖMER/DİLMER, GT success, age, country, 
and mother tongue?

6.	 Does the number of visits eye-movement parameter differ according to gender, 
direction of reading in mother tongue, university department, education level, 
opting for graphic questions on the TÖMER/DİLMER, GT success, age, country, 
and mother tongue?

1.7 � Limitations

This research is limited to: (a) 115 learners at the B1 level learning Turkish and 
53 learners at the test development stage, (b) eye-tracking data obtained during the 
solution of the test consisting of five multiple-choice graphic questions, (c) technical 
specifications of the eye-tracking device and software used in the application, (d) the 
possibilities of the application laboratory, and (e) demographic information from the 
participants.

2 � Method

2.1 � Research design

The study is basically relational survey research as it focuses on the relations 
between the independent variables determined for the participants and their eye-
movement measurements. In relational research, the relation between two or more 
variables is examined without manipulating these variables in any way (Büyüköz-
türk et al., 2015).

In addition, in the observation study based on the eye-tracking technique, the 
issue of what eye-tracking conditions should be was also taken into consideration. 
In this context, it is necessary to know the distinction between experiments and non-
experimental observational studies. This distinction is based on the manipulation of 
an independent variable. Observational studies are often done without manipulation 
of an independent variable (e.g., consider gender as an independent variable; it can-
not be manipulated; Duchowski, 2007). On the other hand, if multiple stimuli are to 
be tested, a decision must be made whether to choose a between-subjects approach 
or a within-subjects approach. In a between-subjects design, each participant is 
exposed to one of the tested interfaces or products. Therefore, if there are two inter-
faces to test, half of the participants will interact with Interface A and the other half 
with Interface B. On the other hand, in a within-subjects design, each participant is 
exposed to the tested products one after the other (Bojko, 2013). We conducted this 
research as an observation based on an eye-tracking study using a within-subjects 
design.
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2.2 � Participants

The study group of this research consisted of 115 foreign learners at the B1 level 
learning Turkish in the Turkish teaching centers of two state universities. Some eye-
tracking systems may not successfully calibrate certain eyes or eyes with glasses. 
Therefore, experts recommend including 10–20% more participants in such studies 
(Goldberg & Helfman, 2010). Based on this recommendation, this study aimed to 
reach a relatively large number and used another group of 53 learners from the B1 
level during the development of the multiple-choice GT. In their study examining 
the theses related to eye-tracking in Türkiye, Tepgeç and Seferoğlu (2019) showed 
that the study groups mostly did not exceed 50 participants. The literature recom-
mends working with large samples in eye-tracking studies as well (Mason et  al., 
2013a, 2015; Sajka & Rosiek, 2015; Strobel et al., 2016). In this respect, using a rel-
atively large number of participants was a positive aspect of this study. All partici-
pants voluntarily participated in the study and signed a voluntary participation form.

2.3 � Procedures

2.3.1 � Development of questions

Before creating the multiple-choice graphic questions, we examined the programs 
related to both teaching Turkish as L2 and teaching it as a mother tongue in Tür-
kiye and abroad besides the CEFR. In this way, we examined a total of 18 pro-
grams and identified the descriptors and acquisitions that refer to the graphics in 
these programs. Next, we wrote the acquisitions down with the help of a program 
development specialist with a doctorate degree in the field. Before writing the ques-
tions, we examined the standardized exams for both L2 learners of Turkish and for 
Turkish students learning Turkish as a part of their general education. In this way, 
we investigated a total of 466 exams and identified a total of 152 multiple-choice 
graphic questions, and found that 195 line charts and 71 bar charts were used in the 
exams. Hence, we decided to prepare the questions predominantly on line and bar 
charts. In addition, we avoided questions that required specific content knowledge 
and advanced math skills. While designing the questions, we took into consideration 
the findings and recommendations regarding graphic and question design in the lit-
erature (Carpenter & Shah, 1998; Haladyna et al., 2002; Kim & Lombardino, 2015; 
Körner, 2005; Lohse, 1993; Özçelik, 2010; Schiff, 1998; Tufte, 2006).

Next, we created a draft test with questions about the acquisitions prepared for 
the B1 level and presented the draft test to two experts in teaching Turkish as L2 
and an assessment-evaluation expert who all had at least 3  years of experience 
in the field. These experts examined the questions in terms of their compatibility 
with the teaching of Turkish as L2 at the B1 level and the measurement-evaluation 
principles. We finalized the questions based on expert opinions and reduced the 
number of options in the questions from five to four. In addition, experts in teach-
ing Turkish as L2 anticipated a 3-min response time per question. Consequently, 
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we gave this draft test to a group of 53 learners at the B1 level as a pilot study. 
After the pilot application, we determined the item difficulty and discrimina-
tion values of the questions and identified five multiple-choice graphic questions 
with medium difficulty (0.40 – 0.60) and high discrimination (> 0.30). In addi-
tion, we compared the scores obtained from the GT and the scores obtained from 
the TÖMER/DİLMER B1 level comprehension exam to understand whether the 
developed test could be used in the TÖMER/DİLMER as a valid test.

2.3.2 � Pilot eye‑tracking study

We conducted a pilot eye-tracking study with 21 B1-level participants for the five 
multiple-choice graphic questions. We used the pilot study to identify the prob-
lems that might be encountered during the actual implementation. After the pilot 
study, we optimized the questions for reading from the screen.

2.3.3 � Main implementation

A total of 94 learners at the B1 level participated in the main application which 
lasted 4 weeks. Each participant took a 15-min multiple-choice test. Before start-
ing the test, we utilized two extra questions to ensure that each participant was 
familiar with the process. In this preliminary application, we informed the par-
ticipants about how to position themselves in front of the screen, how to answer 
the questions, how to move on to the next question after answering a question, 
and how to finish the test. Before starting the test, we explained the procedures to 
follow:

•	 A five-point calibration
•	 Recalibration in case of calibration error
•	 Appearance of the first question on the screen
•	 Reading and responding to the question
•	 Moving on to the next question by pressing the space bar
•	 Ending the test by pressing the space bar at the end of the test. If the time is 

over, the researcher ends the test.

We provided the questions to all participants in the same order (e.g., Klein 
et al., 2021; Tai et al., 2006). We informed the participants that they would not 
have a chance to return to the same question after solving it (e.g., Lindner et al., 
2014; Schnotz et al., 2014; Tai et al., 2006).

One of the researchers recorded the answers provided by the learners on the 
form in front of him. To avoid mistakes that could be made by the researcher, we 
discussed each question with each student at the end of the exam and had them 
confirm their responses. In their study, Tsai et al. (2011) also asked their partici-
pants to verbally confirm their choices on multiple-choice questions.
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2.3.4 � Device

We recorded participants’ eye-movements while they read the graphic multiple-
choice questions with a Tobii brand TX300 model eye-tracking device with a sam-
pling rate of 300 Hertz (Hz) per sec.

The Tobii brand was a preferred tool in various studies in which visuals were 
investigated (e.g. Acartürk & Habel, 2012; Acarturk et al., 2008a; Goldberg & Helf-
man, 2010; Mason et  al., 2013b). We processed the recorded data with Tobii Pro 
3.5.8 software.

2.3.5 � Test conditions

We recorded participants’ eye-movements in an environment with no windows and 
which was illuminated with fluorescent lamps. Participants sat in a height-adjustable 
chair during testing and we did not use a head or chin stabilizer to achieve a more 
natural process.

2.4 � Data analysis

2.4.1 � Identifying the areas of interest

For each question, we identified basically three different areas of interest: an expla-
nation paragraph, a graphic, and a question statement with options. In the litera-
ture, a similar path is followed in eye-tracking studies on multiple-choice questions 
with images such as graphics (Klein et  al., 2021; Schnotz et  al., 2014; Tai et  al., 
2006). We identified the areas of interest represented by the explanation paragraph, 
graphic, and option-question statements in pixels horizontally and vertically. In the 
horizontal dimension, the areas of interest such as the explanation paragraph and 
the question statement with options had an average size of about 100 pixels, and 
the graphic areas of interest had a size of 96 pixels. In the vertical dimension, the 
explanation paragraph had an average size of approximately 75 pixels, the graphic 
areas of interest had 179 pixels, and the question statement with options had a size 
of 109 pixels. Thus, we can argue that the text and visual fields in the test, consisting 
of graphic multiple-choice questions, had horizontal and vertical dimensions close 
to each other.

2.4.2 � Data cleaning

In this research, we followed two data elimination methods. In the first method, we 
determined a fixation lower limit as was done in several studies (Abegg et al., 2015; 
Acarturk et al., 2008b; Cook et al., 2008; Mason et al., 2013a; Tuninetti et al., 2015). 
The second method was related to the inability to record the data correctly (Car-
penter & Shah, 1998; Jian, 2017; Lindner et al., 2014). In this study, we determined 
the fixation lower limit to be 60 ms. Additionally, we examined each participant’s 
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eye-movement patterns. Similarly, Strobel et al. (2016) visually investigated the pat-
terns to determine whether the eye-movement data were recorded accurately. We 
excluded participants whose eye-movement patterns could not be detected in general 
on the questions from the data set. We also excluded participants whose eye-move-
ment patterns could not be calibrated by repeated measurement during the applica-
tion. We did not analyze the data for eight participants due to poor eye-tracking data 
and poor measurement in the original application. Thus, we excluded from the anal-
ysis the data of 8.51% of the 94 people who participated in the actual application.

2.4.3 � Statistical analyses

We used the SPSS 21.0 package program to analyze the quantitative data in the 
research. Before analyzing the data, we used normal distribution graphs, skewness/
kurtosis coefficients, and the Kolmogrov-Smirnov test to check whether the con-
tinuous variables were normally distributed. We accepted the span of + 2/-2 as the 
appropriate span in the skewness/kurtosis coefficient and decided that the data were 
not normally distributed by taking 0.05 as the significance threshold in the Kolmo-
grov-Smirnov test results and since the obtained value was below this criterion. We 
used Mann–Whitney U and Kruskal–Wallis H tests, which are nonparametric tests, 
in the cases where the data were not normally distributed. We used the Friedman test 
and the Wilcoxon signed rank test to compare group means. In the case of normal 
distribution of the data, we utilized independent groups t-tests and one-way analysis 
of variance while using dependent groups t-test and analysis of variance for related 
groups for comparison of group means. In classifying the participants as a lower and 
upper group members according to the scores obtained from the test consisting of 
graphic multiple-choice items, we sorted the scores and accepted those with over 60 
points as the upper group, and accepted those with scores lower than 60 as the lower 
group similar to Jian’s (2017) implementation.

2.5 � Baseline eye‑tracking metrics

We took the following eye-tracking metrics as the dependent variables in the study:

Duration of first fixation indicates the duration of initial fixation during the first 
transition to an area of interest or a group of areas of interest (Tobii Studio Ver-
sion 3.4.8 User’s Manual [TSVUM], 2017).
Duration of total fixation represents the sum of the durations of all fixations 
regarding an area of interest or a group of areas of interest (TSVUM, 2017).
Fixation number refers to the number of times an area of interest or a group of 
areas of interest has been fixated on. The fixations displayed when leaving the 
fixated media element and returning back to the same element are also taken into 
account (TSVUM, 2017).
Total visit time measures the duration of all visits to an active area of interest or a 
group of areas of interest (TSVUM, 2017). Total visit time represents the sum of 
saccade and fixation times (Wong et al., 2014).
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Number of visits indicates the number of visits within an active area of interest or 
a group of areas of interest (TSVUM, 2017).

3 � Findings

In this section, we presented the findings of the study in tables. Values regarding the 
relations between the gender, direction of reading in mother tongue, department, 
education level, opting for graphic questions on the TÖMER/DİLMER, GT success, 
age, country. and mother tongue variables and eye-movement parameters. Each sep-
arate table shows the relations between these variables and a single eye-movement 
parameter.

First of all, we examined the relation between participants’ success on the GT and 
the comprehension exams in the TÖMER/DİLMER to see if the GT was an exam 
that could be used in the TÖMER/DİLMER. Thus, we tried to understand whether 
GT was a valid exam that could be used in these language teaching centers. Accord-
ing to Table 1, we found a moderate, positive, and significant relation between the 
GT and the TÖMER/DİLMER comprehension exams (p = 0.000 < 0.05). From this 
point of view, we can argue that the GT can be used in the TÖMER/DİLMER as 
comprehension tests.

Table 2 shows the relations between the parameter of duration of the first fixation 
and various variables. According to this table, only the level of education variable 
significantly affected the duration of the first fixation (p = 0.029 < 0.05). Accord-
ingly, graduate-level participants exhibited a longer duration of first fixation. We can 
explain this situation as follows: The duration of the first fixation parameter refers to 
preattentive processes before the purposeful reading behavior in the areas of interest. 
Therefore, graduate-level participants showed longer preattention scanning behavior 
than other participants.

As for other variables, male and female participants exhibited almost equal 
durations of first fixation. Therefore, there was no difference in preattention scan-
ning behavior in terms of gender. Participants who read and write from left to 
right in their native language, as in Turkish, exhibited slightly longer duration of 

Table 1   Relations between success on the GT and success on the TÖMER/DİLMER B1 comprehension 
exam

GT success TÖMER/
DİLMER b1 
exam success

Spearman’s rho Success in GT Correlation Coefficient 1.000 0.485**

Sig - 0.000
N 86 86

Success in TÖMER/DİLMER 
B1 Exam

Correlation Coefficient 0.485** 1.000
Sig 0.000 -
N 86 86
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the first fixation than those who read from right to left. Therefore, it can be said 
that those who read from left to right tend to have a slower preattention process. 
However, the difference is statistically insignificant.

Participants from science departments also showed a slightly longer duration 
of first fixation than participants from other departments. Therefore, it can be said 
that participants from science departments tend to have longer preattention peri-
ods. However, this difference is also statistically insignificant. Those who opted 
for questions with graphics in their Turkish learning courses, that is, those who 
had a more positive attitude toward this subject, exhibited a slightly less duration 
of first fixation than those who did not opt for such questions. However, this atti-
tude difference was not statistically significant.

Participants in the upper group in terms of success on the GT showed shorter 
durations of first fixation, indicating a faster preattention process. However, this 
difference is also not statistically significant. Although the group under the age 
of 20 exhibited shorter duration of first fixation, the age factor did not cause a 
statistically significant variability in this parameter. Although the participants 
from the Middle East countries showed slightly shorter duration of first fixa-
tion, the country group variable did not cause a statistically significant change in 

Table 2   Relations between the parameter of duration of first fixation and various variables

Independent variables N Mean rank U p X2 df

Gender Female 35 43.94 877.000 0.892
Male 51 43.20

Direction of reading From left to right 45 46.64 781.000 0.221
From right to left 41 40.05

Department Other 42 40.81 811.000 0.329
Sciences 44 46.07

Education level High school-undergraduate 46 38.01 667.500 0.029
Graduate 40 49.81

Opting for graphic ques-
tions

Yes 49 42.58 861.500 0.695
No 37 44.72

GT success Upper 37 39.92 770.500 0.235
Lower 49 46.28

Age Lower than 20 33 36.50 0.121 4.221 2
Between 20 and 24 25 48.26
25 or higher 28 47.50

Country Africa 26 47.37 0.539 1.236 2
Middle East 37 40.34
Asia and other 23 44.22

Mother tongue Afro-Asiatic 33 38.38 0.195 4.702 3
Altaic 20 41.85
Indo-European 25 46.88
Other 8 58.19
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this parameter. Participants speaking one of the Afro-Asiatic languages as their 
mother tongue exhibited the least duration of first fixation. Participants belonging 
to the Altaic language family, including Turkish, tend to exhibit the least duration 
after this group. However, the mother tongue variable did not cause a statistically 
significant change in this parameter. As a result, the fact that other variables such 
as age, gender, native country, and mother tongue did not have a significant effect 
on the duration of first fixation may be interpreted with a similar preattention pro-
cess employed by the participants.

According to Table  3, gender and success on the GT significantly affected the 
duration of total fixation employed by the participants (p = 0.048 and 0.033 < 0.05). 
Accordingly, male participants fixated longer than females while answering the 
GT questions. Here, we observed that the participants in the lower group regarding 
achievement fixated for significantly longer periods (p = 0.033 < 0.05). Therefore, 
we can argue that a shorter duration of total fixation is sufficient to be successful on 
a test consisting of graphic questions. We can add that this is also related to a faster 
scanning ability. Duration of the total fixation parameter is related to the process 
after the first preattention scanning behavior. This parameter indicates how long the 
reader stays in the areas of interest to understand the stimulus. Therefore, we can 

Table 3   Relations between the parameter of duration of total fixation and various variables

Independent variables N Mean p F

Gender Female 35 455.4306 0.048
Male 51 518.5539

Direction of reading From left to right 45 483.3760 0.530
From right to left 41 503.2780

Department Other 42 496.9688 0.800
Sciences 44 488.946

Education level High school-undergraduate 46 480.6185 0.421
Graduate 40 506.9468

Opting for graphic questions Yes 49 511.6976 0.169
No 37 467.9227

GT success Upper 37 454.4254 0.033
Lower 49 521.8894

Age Lower than 20 33 472.2527 0.583 .544
Between 20 and 24 25 502.1024
25 and higher 28 508.9079

Country Africa 26 534.7108 0.111 2.257
Middle East 37 491.7414
Asia and other 23 447.3657

Mother tongue Afro-Asiatic 33 496.1488 0.906 .186
Altaic 20 509.8495
Indo-European 25 479.5596
Other 8 478.4288
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state that female participants and participants in the upper group in terms of GT suc-
cess read and understand the questions faster.

Although those reading from left to right in their mother tongue exhibited a 
shorter duration of total fixation, this difference is not statistically significant. Par-
ticipants from the science departments also showed a shorter duration of total fixa-
tion, which was not statistically significant. In terms of education level, the tendency 
of graduate-level participants to exhibit longer duration of total fixation is also not 
statistically significant. The duration of total fixation of the participants who opted 
for questions with graphics in the Turkish course did not change statistically. The 
duration of total fixation tends to increase as the age of the participants increases. 
However, the age factor did not cause a statistically significant difference on this 
parameter. Although the participants from African countries showed longer duration 
of total fixation, the country group did not make a statistically significant difference 
on the parameter. The mother tongue of the participants also did not cause a statisti-
cally significant difference on the duration of total fixation parameter. As a result, 
participants showed similar duration of total fixation on the GT in terms of variables 
other than gender and achievement.

According to Table 4, only the variable of opting for questions with graphics on 
TÖMER/DİLMER exams significantly affected the number of fixations exhibited 
by the participants while answering the GT questions (p = 0.028 < 0.05). Accord-
ingly, the participants who opted to have questions with graphics on these exams, 
that is, those with positive attitudes toward questions with graphics, fixated more on 
the areas of interest on the questions. The number of fixations parameter is related 
to the intensity of fixations, which are eye-movements for understanding. There-
fore, we can say that the participants opting for questions with graphics in Turkish 
courses concentrated their eye-movements on the questions more while reading the 
questions.

Other variables did not significantly affect the number of fixations. Although 
female participants exhibited fewer fixations as in the duration of total fixation 
parameter, the gender variable did not cause a statistically significant difference on 
this parameter. Participants who read from left to right in their mother tongue also 
showed fewer fixations. However, this variable did not make a statistically signifi-
cant difference on the number of fixations. Although students from science depart-
ments exhibited slightly more fixations, the department variable did not cause a sta-
tistically significant difference on this parameter. Although graduate-level students 
showed slightly fewer fixations, education level did not cause a statistically signifi-
cant difference on this parameter.

Participants in the upper group in terms of success on the GT showed slightly 
fewer fixations. However, being in the upper or lower group in terms of GT suc-
cess did not make a statistically significant difference on the number of fixations. 
According to the age variable, the number of fixations did not change statistically 
significantly. Although the participants from African countries showed a slightly 
higher number of fixations, the country variable did not cause a statistically signifi-
cant difference on this parameter. The number of fixation values of the participants 
belonging to the Altaic language family, including Turkish, were determined as the 
highest. However, the mother tongue variable was not reflected in the number of 



4721

1 3

Education and Information Technologies (2024) 29:4699–4743	

fixations parameter as a significant difference. As a result, participants exhibited 
similar numbers of fixations in terms of variables other than opting for graphic ques-
tions on the TÖMER/DİLMER variable.

According to Table 5, only success on the GT significantly affected the total visit 
time, that is, the total time spent by the participants in the areas of interest on the 
questions (p = 0.025 < 0.05). Accordingly, those in the upper group regarding GT 
success visited the areas of interest on the questions for a shorter period of time. 
Total visit time is the sum of saccade and fixation durations (Wong et  al., 2014). 
This may serve as information about the participants’ fixation movements while 
reading the questions, as well as the time spent between these movements. Table 5 
shows that the same group also spent less time between fixations, which are move-
ments for understanding.

Although not statistically significant, female participants exhibited less total 
visit time than male participants. Again, although not statistically significant, those 
who read from left to right in their mother tongue showed slightly less total visit 
time. The department variable did not have a statistically significant effect on the 
total visit time. Although graduate-level participants tended to exhibit more total 
visit time, education level did not cause statistically significant variability on this 

Table 4   Relations between the parameter of number of fixations and various variables

Independent variables N Mean p F

Gender Female 35 1643.4286 0.082
Male 51 1831.5490

Direction of reading From left to right 45 1710.2667 0.381
From right to left 41 1804.0732

Department Other 42 1741.1667 0.801
Sciences 44 1768.1818

Education level High school-undergraduate 45 1792.8043 0.449
Graduate 40 1711.5000

Opting for graphic questions Yes 49 1856.2041 0.028
No 37 1620.9459

GT success Upper 37 1704.4595 0.412
Lower 49 1793.1729

Age Lower than 20 33 1780.8970 0.792 0.234
Between 20 and 24 25 1697.8000
25 and higher 28 1775.7500

Country Africa 26 1819.6923 0.583 0.543
Middle East 37 1760.8108
Asia and other 23 1672.4783

Mother tongue Afro-Asiatic 33 1725.1818 0.147 1.838
Altaic 20 1966.3500
Indo-European 25 1680.8400
Other 8 1581.2500
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parameter. Participants opting for graphic questions in the courses in which they 
were learning Turkish displayed more total visit time than participants who did not. 
However, this difference was not reflected in the results as statistically significant. 
As the age of the participants increased, the total visit time value also increased. 
However, the age variable did not cause a statistically significant difference on the 
total visit time parameter.

Participants from African countries also tended to get high values in the total 
visit time parameter. However, the country variable did not make a statistically sig-
nificant difference on the results. Although the total visit time values of the Altaic 
speaking participants tended to be the highest, the mother tongue variable did not 
cause a statistically significant variability on this parameter. As a result, the partici-
pants exhibited similar total visit time in terms of variables other than the variable of 
GT success.

According to Table 6, the variables of level of education and opting for ques-
tions with graphics on TÖMER/DİLMER exams significantly affected the number 
of visits exhibited by the participants (p = 0.044 and 0.009 < 0.05). Accordingly, 
the participants at the graduate level visited the areas of interest on the questions 
less frequently. On the other hand, the participants who opted for questions with 

Table 5   Relations between the parameter of total visit time and various variables

Independent variables N Mean p F

Gender Female 35 523.3497 0.091
Male 51 584.7198

Direction of reading From left to right 45 545.4449 0.404
From right to left 41 575.4373

Department Other 42 561.8076 0.911
Sciences 44 557.7734

Education level High school-undergraduate 46 546.6480 0.444
Graduate 40 574.8035

Opting for graphic questions Yes 49 588.1645 0.066
No 37 522.1051

GT success Upper 37 514.0800 0.025
Lower 49 594.2243

Age Lower than 20 33 541.3064 0.684 0.382
Between 20 and 24 25 563.3180
25 and higher 28 578.2818

Country Africa 26 608.3212 0.110 2.269
Middle East 37 557.0400
Asia and other 23 509.1791

Mother tongue Afro-Asiatic 33 564.0894 0.853 0.261
Altaic 20 582.5805
Indo-European 25 541.9204
Other 8 540.4225
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graphics on TÖMER/DİLMER exams visited the areas of interest on the ques-
tions more often.

In terms of the gender variable, female participants exhibited fewer visits, but 
the difference between them and male participants was not statistically signifi-
cant. Participants who read from left to right in their mother tongue also showed 
fewer visits, but again, the direction of reading in their mother tongue did not 
cause a statistically significant difference in the number of visits parameter. Par-
ticipants from science departments visited the areas of interest on the questions a 
little more often. However, the values related to the department variable were not 
reflected in the results in a statistically significant way.

In terms of success on the GT, the participants in the upper and lower groups 
exhibited numbers of visits that were very close to each other. Although the group 
under the age of 20 exhibited a slightly higher number of visits, the age variable 
did not cause a statistically significant variability on this parameter. The country 
groups of the participants are also a variable that does not create statistically sig-
nificant variability on the number of visits. Although participants speaking Altaic 
languages exhibited slightly more visits, the mother tongue variable did not cause 
statistically significant variability on this parameter. According to all of these, 

Table 6   Relations between the parameter of number of visits and various variables

Independent variables N Mean rank U p X2 df

Gender Female 35 39.07 737.500 0.173
Male 51 46.54

Direction of reading From left to right 45 39.80 756.000 0.150
From right to left 41 47.56

Department Other 42 40.69 806.000 0.308
Sciences 44 46.18

Education level High school-undergraduate 46 48.55 687.500 0.044
Graduate 40 37.69

Opting for graphic ques-
tions

Yes 49 49.59 608.000 0.009
No 37 35.43

GT success Upper 37 44.01 887.500 0.868
Lower 49 43.11

Age Lower than 20 33 47.02 0.587 1.065 2
Between 20–24 25 41.10
Higher than 25 28 41.50

Country Africa 26 43.50 0.658 0.836 2
Middle East 37 45.82
Asia and other 23 39.76

Mother tongue Afro-Asiatic 33 40.14 0.119 5.853 3
Altaic 20 54.05
Indo-European 25 43.16
Other 8 32.06
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the participants exhibited similar numbers of visits in terms of variables other 
than education level and opting for questions with graphics on TÖMER/DİLMER 
exams.

4 � Discussion

The present study revealed that a number of variables affected the eye-movements 
of adult individuals learning Turkish as L2 in a Turkish test situation consisting of 
multiple-choice questions with graphics. Therefore, we can infer that these variables 
may have an impact on the mental processes of adult individuals learning Turkish as 
L2 in a test situation consisting of multiple-choice questions with graphics.

The gender of the participants in this study had a significant effect only on the 
duration of total fixation among the eye-movement measurements. Accordingly, 
male participants showed a higher duration of total fixation compared to female par-
ticipants. Based on this finding, we can argue that male participants fixated longer 
to understand the stimulus parts. If we consider this as a reading comprehension 
case, we can claim that males have more difficulty in understanding stimuli. Moreo-
ver, we can argue that males tend to obtain higher values than female participants 
since the values were observed to approach the significance limit (0.05) in many 
measurements although there was no significant difference in other eye-movement 
measurements. Accordingly, males tended to fixate more on stimuli than females, to 
visit areas of interest longer and more frequently, and to reciprocate more in order 
to synthesize information between different parts of the questions. In measuring the 
duration of first fixation, indicating preattention movements before eye-movements 
for the purpose of deep understanding, the two groups achieved almost equal values. 
Therefore, they showed a partial difference in eye-movements that lead to under-
standing behavior after the first impression.

Based on all of these, we can report that male participants tended to exhibit 
longer and more eye-movements than females when the eyes started to move on the 
stimulus for the purpose of understanding. On the other hand, in his study on written 
texts, Ayhan (2019) found that the number of fixations were similar for males and 
females. In their study on weak and proficient Chinese readers, Zhan et al. (2020) 
found that proficient male readers were significantly more fixated on the text than 
proficient female readers. On the other hand, the situation was reversed for weak 
readers, where female participants were more fixated than males.

Considering that the current study represents research within the scope of visual 
literacy, we can investigate studies from this perspective. In this context, Arif and 
Hashim (2010) investigated whether there was a gender difference or similarity in 
visual literacy practices and found a limited difference between male and female 
participants in terms of visual literacy practices, as in the current study. On the other 
hand, Gültekin (2009) examined ninth graders’ ability to read and interpret graph-
ics about solutions and their properties and reached a conclusion in favor of female 
students.

Similar to reading written texts, female participants tend to be more success-
ful in reading multiple formats both in terms of scores and in displaying fewer 
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eye-movements in shorter durations, which is thought to indicate successful read-
ing behavior. Hence, in a multiple-choice test situation, when texts are accompa-
nied by visuals, the expectation that women will be more successful was realized 
in this study.

While addressing perceptual span, Rayner (1998) stated that the span is not 
more than three or four letters from the beginning of the fixated word to the left 
of the fixation for the readers of alphabetic texts such as English, French, and 
German, and that there are approximately 14 or 15 letter spaces to the right of 
the fixation, hence the span is asymmetrical to the right for these readers. On the 
other hand, for texts written from right to left, such as Hebrew, this span is asym-
metrical to the left of the fixation. Rayner (1998) stated that writing system fea-
tures not only affect span asymmetry, but also affect all dimensions of perceptual 
span.

When Schiff (1998) discussed traditions in graphic design, he added that Ameri-
cans and Europeans represent time progressively from left to right, which is evi-
dence that it is tied to written language traditions. Therefore, we can say that it is 
possible for learners with different writing systems in their mother tongue to exhibit 
different eye-movements while solving the multiple-choice questions with graph-
ics, but the mother tongue reading directions of the participants in the current study 
did not have a significant effect on eye-movement measurements. However, when 
it comes to measurements other than the duration of first-fixation measurement, we 
can say that learners who read from right to left in their mother tongues tended to 
exhibit more eye-movements for a longer time. Accordingly, those who read from 
left to right in the preattention period before they start examining the stimulus for 
deep understanding tended to spend longer time. When effort was expended to 
understand the stimulus deeply, those who read from right to left tended to expend 
more effort regarding time and number of visits.

Supporting the results of this study, Ayhan (2019) determined that the reading 
direction in the mother tongue did not have a significant effect on the number of 
fixations for written texts. Dehaene (2017) stated that there is a special area for read-
ing even in the brains of Chinese and Japanese readers, and the position of this area 
is approximately the same as for those who read from left to right. It is worth noting 
that the reading direction (left to right or right to left) does not seem to affect the 
location of this region which remains unchanged at the border of the left occipi-
totemporal half, even for readers reading from right to left. Therefore, we can say 
that the direction of reading does not seem to cause different processing in the brain 
besides the fact that it does not affect eye-movements. Of course, we can recom-
mend further investigating this subject with different groups and stimuli.

The learners’ departments at their universities did not have a significant effect 
on their eye-movement measurements. Means indicated different trends for different 
measures. Accordingly, the learners studying science topics at their universities had 
higher values regarding the duration of the first fixation, indicating preattention pro-
cesses; the number of fixations, indicating the number of eye-movements for under-
standing the areas of interest on the stimulus; and the number of visits, indicating 
the number of repetitive movements for the purpose of understanding the areas of 
interest.
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We can argue that eye-movements tended to be associated with successful com-
prehension in the context of the department variable. Accordingly, we can state that 
the students who tended to spend more time in the preattention period during the 
first encounter with the stimulus, who tended to fixate more on the areas of interest, 
who tended to visit these areas more, and who tended to exhibit more mutual eye-
movements between these parts to combine the different parts of the stimulus, but 
who tended to display short-term eye-movements after the preattention period may 
be more successful based on the variable of department. However, we should not 
forget that these trends were not statistically significant.

Based on the comparison of fixation and saccade density in their study of par-
ticipants from three different fields (i.e., biology, chemistry, and physics), Tai et al. 
(2006) also stated that the distribution of these values was related to the expertise 
in the field. Moreover, based on the debate about whether experts or novices read 
faster, Thai et al. pointed out that some people spend more time on the subject in 
which they are experts. Considering that solving multiple-choice questions with 
graphics is more relevant to the expertise of learners who studied science, we can 
regard their tendency to use more eye-movements in the preattention period in this 
context.

In a study with learners from different departments, Christopherson (1997) rated 
the significance of visual literacy for different departments. Accordingly, among 
five departments, visual literacy was found to be more significant for the Fine Arts 
and Communication departments followed by Engineering, Business Management, 
Nursing, and Family and Social Sciences, respectively. The order of competence in 
visual literacy in these five departments was as follows: Fine Arts and Communica-
tion followed by Family and Social Sciences, Nursing, Engineering, and Business 
Management, respectively. The fact that science departments such as Nursing and 
Engineering did not take the first place in this study suggests that it is important to 
consider the context of visual literacy.

Learners’ levels of education significantly affected two of the eye-movement 
measurements. Accordingly, duration of first fixation eye-movement measurements 
of the learners at the postgraduate level were significantly higher than those of the 
learners at lower education levels. Postgraduate learners may have spent more time 
on stimuli during the preattention period. The number of visits, which indicates the 
number of times and repetitive visits to areas of interest, was significantly lower in 
learners at the graduate level than in learners at the lower education level. Accord-
ingly, the learners in the lower education level visited the areas of interest on the 
stimuli more often.

When we look at other eye measurements, we can say that although no significant 
relation was detected, learners at the postgraduate education level tended to exhibit 
eye-movements for a longer period of time. Accordingly, we can say that graduate 
level learners tended to have higher values in terms of fixation duration and visit 
time. On the other hand, learners at the lower education level tended to obtain higher 
values in the measurement of number fixations. The postgraduate group tended to 
obtain higher measurement values regarding the duration of eye-movements, while 
the undergraduate-high school group had higher measurement values regarding the 
number of eye-movements. Moreover, those who read the questions successfully 
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based on education level tended to display shorter preattention periods and to exhibit 
more eye-movements in a shorter time.

In this framework, Sajka (2017) found that academicians spent more time on 
problem statements than learners, as in the current study, but they visited this region 
less. Sajka showed that academicians did not visit the same region as often as learn-
ers. In addition, academicians fixated less on graphics, expressions, and white areas 
than learners, and they revisited these areas less often as well. Jiang (2012), on the 
other hand, determined that the level of education did not make a difference for 
those who learn English as a foreign language in terms of graphic organizer educa-
tion or reading tests.

Gültekin (2014) could not detect a significant difference between university stu-
dents and high school students in terms of reading and interpreting graphs regarding 
change of state, solutions, and solubility in the context of their mother tongue. In 
this study, the education level variable had a significant effect on some of the eye-
movements during the test consisting of multiple-choice questions with graphics. In 
that case, we can regard level of education as an important variable to be considered 
while preparing such exams in teaching Turkish as L2. As a matter of fact, while 
classes are created for learners in many language teaching centers, different learn-
ers are in the same group in terms of education level. Therefore, these learners take 
the same exams. On the other hand, we can interpret the homogeneous test consist-
ing of multiple-choice questions with graphics as more challenging for postgraduate 
students in the context of teaching Turkish as L2. Therefore, we should think and 
work more on the application of such tests in classrooms that are not homogeneous 
regarding the level of education.

Interest can affect comprehension in a foreign language (Ay & Bartan, 2012). In 
this context, Akbarov et al. (2018) investigated learners’ attitudes toward the appli-
cation of infographics for English learning and teaching purposes and determined 
that attitudes on this subject were positive. In this study, we can regard opting to 
have questions with graphics in the exams as interest. In addition, within the scope 
of the current research, we found that this interest has a certain effect on eye-move-
ments related to the comprehension process. Accordingly, the fact that the learners 
opted for questions with graphics on TÖMER/DİLMER exams, that is, they had a 
positive attitude toward this subject, had a significant effect on the number of fix-
ations and the number of visits. Accordingly, those who opted for questions with 
graphics on TÖMER/DİLMER exams were significantly more fixated on the stimuli 
and visited the areas of interest on the stimuli significantly more often.

Contrary to the results of this study, Chung and Kakizawa (2002) found in their 
study on children with congenital deafness that they displayed a lower frequency 
of fixation to the text that was interesting to them in the context of narrative texts. 
Although the variable of opting for questions with graphics on TÖMER/DİLMER 
exams did not significantly affect other eye-movement measurements, both means 
and values close to the level of significance indicate some general tendencies. 
Accordingly, we can argue that those who opted for questions with graphics on 
these exams tended to exhibit shorter preattention periods, which occurred with 
shorter initial fixation periods. On the other hand, in terms of eye-movements 
other than preattention processes, we can say that those who opted for questions 
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with graphics on exams tended to use more eye-movements in a longer period. 
As a result, we can state that those who opted for multiple-choice questions with 
graphics in the context of TÖMER/DİLMER exams in general tended to use a 
higher number of eye-movements in longer durations, except for eye-movements 
indicating preattention processes.

In this context, Reichle et al. (1998) reported a lot of corroborating evidence 
pointing to a close connection between eye-movements and cognitive processes. 
Sajka and Rosiek (2015) stated that too much time spent can be an indicator of 
trying to solve the problem by using information and at the same time having suf-
ficient motivation. As for visual literacy in teaching Turkish as L2, we can say 
that there is almost no evidence about how learners’ attitudes affect their reading. 
Therefore, we think that this study offers some foresight to researchers and practi-
tioners about the importance of attitudes within the scope of visual literacy.

Participants’ total achievement scores on the multiple-choice exam with 
graphics had a significant effect on duration of total fixation and total visit time. 
Accordingly, the learners who were more successful on the exam were fixated on 
the stimuli for less time and visited the areas of interest for a shorter time. Con-
trary to these results, Jian (2017) stated that the deep processing requires more 
mental resources based on the total reading-time measurement, and based on this 
understanding, reported that learners who understand well spend more time not 
only in the text section but also in the diagram section. On the other hand, rela-
tively supporting the findings of the current study, Lindner et al. (2014) empha-
sized that eye-movements are highly related to option choices in decision-making 
situations and found that students with high content knowledge generally have 
shorter decision-making processes than those with low content knowledge.

On the other hand, Schnotz et al. (2014) reported that high-level students fix-
ate more on pictures. According to Mason et al. (2013b), a longer fixation period 
after the first encounter with a text may be related to comprehension difficulties. 
In their study where they examined the eye-movements of students while solv-
ing a gas law problem, Tang and Pienta (2012) found that unsuccessful students 
fixated more on the questions while thinking about the solutions. Although it is 
not statistically significant, as in the two aforementioned eye-movement measure-
ments (i.e., duration of fixation and visit), we can say that learners’ achievement 
on the exam was associated with their other eye-movement measurements, show-
ing a tendency to shorten the durations and lessen the number of visits. As an 
example, we can cite that successful learners tend to have shorter initial fixation 
times which indicate engagement in the preattention process.

This study’s results show that the age variable did not significantly affect any 
eye-movement measurements. Therefore, the age groups in the study did not 
affect eye-movements (and the mind processes thought to be related to these 
movements) in a test situation consisting of multiple-choice questions with graph-
ics. Working with age groups with more distinctions instead of close age groups 
may produce different results. As a matter of fact, in the context of using multiple 
document formats, the time spent by young students and adults on texts and dia-
grams may differ (Jian, 2017).
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In addition, older readers read more slowly than younger readers, and their per-
ceptual spans are smaller and less asymmetrical (Rayner, 2009). Some studies in 
the literature show that the age variable does not have an effect on eye-movements 
in line with the results of the current study (Ayhan, 2019) while other studies show 
that this variable affects eye-movements (Lee & Choi, 2019). However, some stud-
ies show that this variable partially affects eye- movements for some age groups 
revealed (Choo & Koh, 2019).

If cultural differences affect how participants view and encode images, there 
may also be differences in the pattern of eye-movement saccades and fixations of 
members from two different cultures (Chua et al., 2005). Rayner (2009) also exam-
ined whether culture affected where one looked in an image and reported that Chi-
nese participants looked at the scenes differently than English speakers. Chua et al. 
(2005) revealed that eye-movements can change as a function of culture. Easterners 
and Westerners allocate their attention resources differently when viewing images. 
Rayner (2009), on the other hand, found no different perspectives on image accord-
ing to culture.

Considering that learners’ eye-movements are not independent of their cognitive 
processing styles, we can expect some differences between the eye-movements of 
learners from different countries. However, the current study found that the coun-
tries of origin did not significantly affect any eye-movement measurement. However, 
the means indicated some general trends. Accordingly, the Asia and other group, 
including learners from Turkic Republics, tended to obtain the lowest values in all 
measurements except the duration of first fixation measurement. In other words, we 
can say that learners in the Asia and other group tended to examine stimuli faster 
and with fewer eye-movements. Learners from African countries tended to obtain 
the highest values in the measurements of duration of first fixation, duration of total 
fixation, number of fixations, and total visit time. Therefore, we can argue that Afri-
can learners tend to examine stimuli for longer durations and with a higher number 
of eye-movements to demonstrate a longer preattention process and understanding. 
Learners from the Middle Eastern countries tended to be ahead in the measurement 
of the number of visits. Based on these results, we can interpret that learners from 
the Middle Eastern countries tended to visit parts of stimuli more and made more 
efforts to combine different parts in their minds.

Learners’ mother tongues did not significantly affect eye-movement measure-
ments. However, the means indicated some general trends. Accordingly, we can say 
that the learners whose mother tongues were in the Altaic group, including Turkish, 
tended to achieve the highest value in all measurements other than duration of first 
fixation. Accordingly, when the learners who spoke one of the Altaic languages first 
encountered the stimulus, they tended to obtain high values in all movements except 
the eye-movements related to the first scanning behavior. We can infer that the ten-
dency to use more eye-movements for longer periods of time in the mother tongue 
may be associated with successful reading. However, we need to think about the fact 
that the mother tongue did not have a significant effect on eye-movements.

The studies reported in the literature examined the effect of mother tongue on 
second language learning. In their study with native German, French, and Dutch 
speakers who were learning English as L2, Lemhöfer et  al. (2008) found that the 
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participants’ processing of second-language words was similar to their mother 
tongue. In their study based on English online newspaper data, Berzak et al. (2017) 
examined the eye-movements of native Chinese, Japanese, Portuguese, and Spanish 
speakers. In this study, the researchers revealed that the similarities in the mother 
tongues were reflected in reading in English. Based on these studies, we can say that 
there is a need for more studies on the effects of different mother tongues on the eye-
movements that occur in the reading process in Turkish.

It is important to remember that many of the aforementioned studies were con-
ducted in the context of the mother tongue. Moreover, Jian (2017) reported that 
although eye-tracking is used to observe cognitive processes in reading illustrated 
scientific texts, the findings obtained in these studies are inconsistent and contra-
dictory, by adding that many eye-tracking studies report that better learning perfor-
mance is associated with a greater combination of textual and graphical information 
(e.g., readers make more saccades between the text and the diagram part in articles). 
As a result, we may claim that successful learners tend to allocate less time and 
employ fewer movements in all eye-movement measurements except the number of 
visits. Accordingly, we can argue that learners who may achieve high success on 
the exam, which consists of multiple-choice questions with graphics, may tend to 
exhibit a lower number of eye-movements for shorter durations, including the first 
fixation period related to preattention processes. Based on this, we can say that it 
may be necessary to move the eyes for a shorter time and less frequently on stimuli 
in order to successfully read and understand the questions on a test based on multi-
ple-choice questions with graphics. These results are actually compatible with eye-
movements in the context of text-based reading. As a matter of fact, in successful 
text-based reading, eyes go backwards less often, and they show less fixation for a 
shorter period of time.

5 � Conclusion

This study aimed to present how a homogeneous test consisting of multiple-
choice questions with graphics with different structures and meanings can be 
used in teaching Turkish as L2 at the B1 level, and what differences can occur 
based on learners’ independent characteristics and eye-movements. With the 
help of the eye-tracking technique, this study determined which variables could 
affect the eye-movements which impact both achievement and the cognitive pro-
cesses. Thus, we tried to provide guidance on what should be taken into account 
when preparing such exams. We recommend a homogeneous exam with multi-
ple-choice questions with graphics with different features as a test type in the 
field of teaching Turkish as L2 at different levels. Such tests can also be used to 
check for skills acquisitions after training based on the interpretation of graphics 
and texts with multiple formats.

As a suggestion, we emphasize again that TÖMER/DİLMER courses should pro-
vide training on reading and understanding graphics and documents with multiple 
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formats accompanied by graphics in Turkish. Training and materials can be pre-
pared for the strategic reading behavior required for the interpretation of such docu-
ments. Eye-movement recordings of people who are experts in interpreting multiple 
documents can be watched as videos during these training sessions. Mason et  al. 
(2013b) also maintained that eye-tracking records of good readers can be shown as 
an example to other learners.

Learners’ metacognitive awareness can be increased both in text-based read-
ing and in the context of visual literacy by showing them their own eye-movement 
records. Özer (2019) also stated that determining the eye-movement patterns of 
learners will have positive reflections on many areas of development, including their 
academic skills.

Studies can be conducted to acquire the vocabulary shaped around multiple docu-
ments accompanied by visuals and graphics.

The eye-movement records obtained in this study while the learners took the test 
consisting of multiple-choice questions with graphics and learners’ achievement on 
this exam presented some significant results about individual variables.

Although some general trends emerged, learners’ native languages 
and their university departments did not cause significant changes in the 
eye-movements.

We found that learners’ gender and whether they opted for graphic questions on 
the TÖMER/DİLMER significantly affected their eye-movements when they took 
the test consisting of multiple-choice questions with graphics.

Level of education was the variable that had a significant effect on some of the 
eye-movements. Accordingly, the eye-movements of the postgraduate students dif-
fered significantly.

We can make some interpretations based on the three situations previously 
cited. First of all, the level of education variable is associated with eye-movements, 
which may be related to both achievement and cognitive processes during reading. 
We know that learners from different education levels learn together in language-
teaching classes. on the TÖMER/DİLMER, multiple-choice questions with graphics 
should be used especially on exams used to determine student levels and on exams 
used to move students to higher classes. On the other hand, different education lev-
els should be addressed more in the exams with multiple-choice questions with 
graphics.

Learners whose mother tongue is one of the Altaic languages can be expected to 
be more successful in an exam style that they encounter for the first time in Turk-
ish. Also, the learners enrolled in departments related to science are expected to be 
more successful on this exam. However, the eye-movements can mean that the stra-
tegic reading behavior required to be successful on an exam consisting of multiple-
choice questions with graphics. Therefore, these learners should not only be guided 
to achieve success on the exam, but studies should be conducted to make them gain 
strategic reading behaviors.

The gender of learners can be expected to affect eye-movements, but a sig-
nificant effect occurred only in a single eye-movement parameter. Therefore, we 
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can say that an understanding that can cause differences in other eye-movements 
should be developed for more successful reading comprehension in the context 
of gender.

Opting for graphic questions significantly affected some of the eye-movements. 
Therefore, we can argue that developing positive attitudes toward multiple-choice 
questions with graphics may affect both achievement and eye-movements, associ-
ated with successful reading in the case of positive attitudes.

The fact that the learners who were more successful on the test consisting 
of multiple-choice questions with graphics in general, apart from the previ-
ously mentioned variables, tended to exhibit fewer eye-movements at shorter 
durations, some of them at significant levels, can mean that a reading strategy 
based on using faster and fewer eye-movements should be followed to be suc-
cessful on such tests. Therefore, directing unsuccessful learners to use a faster 
scanning behavior during multiple-choice tests containing graphics can increase 
their achievement on these exams. As a matter of fact, tasks based on information 
search and associations should be basically faster.

In this study, we regarded the homogeneous test consisting of multiple-choice 
graphic questions as a psychological whole. We focused on the eye-movements 
during the solution of the whole test under time pressure, and did not examine the 
eye-movements for individual questions. Future studies can investigate the eye-
movements for individual questions both under time pressure and without time 
limits.

All the questions on the test proposed in this study had the following format: 
explanation paragraph, graphic and question sentence with options. Future studies 
can compare different eye-movements (e.g., horizontal and vertical positioning of 
the problem and positioning the graphic area on the top, right, or left). The most 
appropriate number of options in multiple-choice questions for teaching Turkish to 
foreigners can be determined by the eye-tracking technique. Question situations with 
three, four, and five options can be compared. The principles set forth regarding the 
preparation of multiple-choice items can be validated with the eye-tracking tech-
nique in the context of teaching Turkish as L2. For example, the situations in which 
the question sentence is positive and negative can be compared.

If possible, eye-tracking studies can be conducted on other language fields 
in teaching Turkish as L2. For example, the writing processes of learners can be 
examined in depth. Again, if possible, topics related to interaction such as the use of 
smartboards in the classroom can be studied with the eye-tracking technique.

Finally, we remind you that the results obtained from this study are limited to 
screen reading. Of course, it is possible that different behaviors were exhibited com-
pared to reading from paper. As a simple example, the participants in this study did 
not use a pencil. Moreover, learners’ attitudes toward screen reading may have also 
affected the findings. Therefore, we can say that it would be appropriate to conduct 
further studies on the subject with devices that can be attached to the eyes, while the 
learners solve the questions presented on paper by using a pen.
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Appendix

Figures 1, 2, 3, 4, and 5

Aşağıdaki grafik, TÖMER’deki 175 öğrencinin müzik tercihlerini gösteriyor. Örneğin 20 kız ve 

20 erkek öğrenci, yani toplamda 40 öğrenci pop müzik dinliyor. 

Grafiğe göre bu öğrenciler, hangi müzik türlerini eşit (aynı) sayıda dinliyor?

A) Klasik Müzik-Halk Müziği

B) Rep Müzik-Klasik Müzik

C) Pop Müzik-Halk Müziği

D) Pop Müzik-Rep Müzik
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Fig. 1   The first multiple-choice question that students solved
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Aşağıdaki grafik, 2000-2015 arasındaki bazı yıllarda bir ülkeden yabancı ülkeye giden ve 

yabancı ülkeden bu ülkeye gelen turist sayılarını gösteriyor.

Yukarıdaki yazıya göre bu grafikte aşağıdaki bilgilerden hangisi yoktur?

A) Verilen yıllarda bu ülkeye hangi ülkeden en az turist geldiği

B) Verilen yıllarda yabancı ülkeye hangi yıl en az turist gi ği

C) Verilen yıllarda bu ülkeye hangi yıl en çok turist geldiği 

D) Verilen yıllarda yabancı ülkeye giden toplam turist sayısı
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Fig. 2   The second multiple-choice question that students solved
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Her insanın kanında bir miktar şeker vardır. Sağlıklı bir insanda, yemek yedikten sonra kandaki 

bu şeker miktarı yükselir. Diğer zamanlarda ise insanın kanındaki şeker miktarı genelde aynı 

seviyededir.

Aşağıdaki grafikte, bir insanın kanındaki şeker miktarının gün içindeki değişimi 

gösterilmiş�r. 

Buna göre aşağıdakilerden hangisi kesinlikle yanlış�r?

A) Şeker miktarı gün içinde en az üç kere yükselmiş�r.

B) Şeker en çok akşam yemeğinden sonra yükselmiş�r.

C) Bu kişi gün içinde üç kere yemek yemiş�r.

D) Her yemekten sonra şeker yükselmiş�r.
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60
70

Şeker Miktarı

Öğünler

Fig. 3   The third multiple-choice question that students solved
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Buğday: Ye�şme bölgesinde en çok ilkbahar mevsiminde yağmur yağar. Ye�şme bölgesinde 

sıcaklık -5 0C ile 30 0C arasındadır. 

Çay: Ye�şme bölgesinde en çok sonbahar mevsiminde yağmur yağar. Ye�şme bölgesinde 

sıcaklık 10 0C ile 25 0C arasındadır.  

Muz: Ye�şme bölgesinde en çok kış mevsiminde yağmur yağar. Ye�şme bölgesinde sıcaklık 10 
0C ile 30 0C arasındadır. 

Kayısı: Ye�şme bölgesinde en çok ilkbahar mevsiminde yağmur yağar. Ye�şme bölgesinde 

sıcaklık 0 0C ile 25 0C arasındadır. 

Aşağıdaki grafik, Türkiye’de bir yerin sıcaklık ve yağış durumunu gösteriyor.

Buna göre bu yerde hangi ürünün ye şmesi en uygundur?

A) Buğday B) Çay C) Muz D) Kayısı                    
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Fig. 4   The fourth multiple-choice question that students solved
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Aşağıdaki grafik, bir mağazadaki eşyaların bazı yıllardaki sa
ş miktarlarını gösteriyor.

Yukarıdaki grafikten faydalanarak aşağıdaki daire grafik çiziliyor.

Buna göre yukarıdaki daire grafik aşağıdakilerden hangisini gösteriyor?

A) 2011’deki çamaşır makinesi, buzdolabı ve bulaşık makinesi sa
şını

B) 2014’teki çamaşır makinesi, buzdolabı ve bulaşık makinesi sa
şını

C) 2012, 2013 ve 2014 yıllarındaki bulaşık makinesi sa
şını

D) 2011, 2012 ve 2015 yıllarındaki bulaşık makinesi sa
şını
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Fig. 5   The fifth multiple-choice question that students solved
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