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Abstract

The aim of this study was to determine the visual measurement results related to the
behavior/processes of solving skill-based science questions of eighth grade students
by eye tracking technique. Non-experimental quantitative research method was used
in the research and visual measurement results were supported by heat maps and
eye splash movements. Nine questions, with difficulty and discrimination indexes
calculated, were applied to 56 eighth grade students. Data were collected with a
skill-based test, eye tracking device, think-aloud protocols and a perception scale
towards next generation science questions. The data obtained from the eye track-
ing device was examined using Gaze Viewer software and the results were shown
as images. The results revealed that visual measurement results differed according
to gender and 2023 high schools entrance exam scores. Additionally, negative rela-
tionships were found between visual measurement results and students’ practice test
scores and their perceptions towards solving next generation science questions. It
was determined that average duration of fixation had a significant predictive effect
on students’ self-efficacy levels for solving next generation science questions.
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Education and Information Technologies

1 Introduction

There are different applications such as central exams, school-based entrance
exams, placement with school success scores, address-based placement during
the transition to secondary education in the world. In the United States, the tran-
sition to secondary education is based on address, while central entrance exams
are applied in some states (Giir et al., 2013). In the Netherlands, students may
only transition to secondary education through a central exam (Ayka¢ & Atar,
2014). In Italy and Russia, students are placed in academic and vocational educa-
tion schools at the high school level with the scores they receive from the middle
school graduation exam. In Japan and Hungary, students are placed in academic
and vocational education schools at the high school level with central entrance
exam, school-based entrance exam and school scores. In Finland, one of the
implementers of a successful education system, only school success scores are
taken into account when placing students in secondary education, and there is no
central exam (Eurypedia, 2013).

Various central exams are applied in Turkey to monitor, measure and evaluate the
effectiveness of education systems and the knowledge and skills of students. A cen-
tral exam called high school entrance exam has been applied since the 2017-2018
academic year, and the purpose of this exam is to determine the acquisition levels
of students’ knowledge and skills in the eighth grade curriculum. The main purpose
of high school entrance exam in Turkey is to distinguish students with high-level
cognitive skills and place these students in qualified schools such as science high
school, social science high school, project schools (Yal¢in, 2019).

Central exams and international large-scale exams (i.e.: TIMSS) have been
implemented for the last few decades to determine whether students of a certain
age group or grade level can acquire the expected knowledge and skills. In the
twenty-first century, the nature of the knowledge and skills that students must
acquire has changed. This change has brought about a change in the content of
national central exams and international large-scale exams. In recent years, it
observed that there is a tendency to measure high-level thinking skills with these
exams (i.e.: national central exams such as high school entrance exam in Turkey
and international large-scale exams such as TIMSS).

1.1 Skill-based science questions

It is difficult to explain the term high-level thinking skills with a single definition.
According to Zoller (2000), these skills include the steps of asking questions, solv-
ing problems, analyzing variables, synthesizing new ideas and products, and evalu-
ating the process. These skills begin with observation and include the skills of pre-
senting the problem, developing a hypothesis, testing the hypothesis, and reaching
generalizations from the results. High-level thinking skills refer to Bloom’s Tax-
onomy, critical thinking, creative thinking, problem solving, decision making and
metacognitive thinking skills (Yen & Halili, 2015).
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The questions that measure high-level cognitive skills are called life-based, next-
generation or skill-based questions in the relevant literature (Cepni, 2019; San &
[lhan, 2022). In this study, the questions that measure high-level cognitive skills
were called skill-based questions. Miller et al. (2009) defined skill-based questions
as interpretation questions that contain written and visual elements such as graphics,
tables, texts, maps, pictures, shapes, diagrams and require high-level skills such as
analysis, interpretation, problem solving, reasoning, reading comprehension.

Science is one of the fields where students are tested whether they have acquired
these skills through skill-based questions in national central exams and international
large-scale exams. The main purpose of science education is to educate a science
literate individual. Science aims to provide students with mental process skills that
will enable them to solve daily life problems (Regis et al., 1996). One of the main
components of science literacy is to acquire the scientific process skills necessary
at the stage of solving daily life problems (Hodson, 1992). Scientific process skills
are one of the main goals of science education (Germann et al., 1996). Science pro-
cess skills are very important for teaching science (Myers et al., 2004) and are used
in decision-making processes (National research council -NRC, 1996). Scientific
process skills are classified as basic and high-level scientific process skills. Cepni
et al. (1997) divide these skills into three as basic (making observations, measur-
ing, classifying, recording data, number and space relations and communicating),
causal (prediction, determining variables, operational identification and inference)
and experimental (making hypotheses, setting up experiments, changing and con-
trolling variables, using data and building models, and making decisions) scientific
process skills. In the current research, skill-based science questions asked in high
school entrance exams in Turkey were categorized according to the classification
of Cepni et al. (1997) and the processes of solving these questions of eighth grade
students were focused.

This research revealed visual measurement results of students’ processes/behav-
iors in solving skill-based science questions. According to our research, no research
has been found in the literature that reveals where students have difficulty in solving
skill-based science questions using the eye tracking technique. Students’ question-
solving processes/behaviors were supported by heat maps and eye splash move-
ments, providing concrete evidence to the literature. Additionally, students are not
familiar with the skill-based science questions and may have prejudices about the
questions (Yigit et al., 2022). Student perceptions have an impact on course success.
Therefore, it is important to reveal the relationship between visual measurement
results and student perceptions of skill-based science questions.

1.2 Eye tracking technique

The study of understanding human cognitive processes is always one of the research
topics of science. For this purpose, various technological tools developed and
continue to be developed. One of them is eye tracking devices. The technique of
monitoring eye movements known for a century (Ozdogan, 2008) and four periods
are important in the historical development of this technique (Ozer & Ozdemir,
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2022). These periods are: the early years, the period of pause due to the behavio-
ral approach, the period when it is on the rise again, and the golden age. Javal’s
mention of the French concept of saccade in his study published in 1879 was a big
step in terms of eye tracking research (Wade et al., 2003). An eye tracking device
was developed by Huey in these years (Reed & Meyer, 2007), and after his experi-
ments, he reached important evidence supporting Javal’s views on the saccade. The
efforts of this technique to explain cognitive processes were overshadowed by the
behavioral approach in the mid-1910s and came to a standstill. Tinker (1958) states
that what can be learned about reading from eye movements has been learned and
future studies are not promising. According to Rayner, the 1970s were a period in
which investigation of cognitive processes through eye tracking gained momentum
(Rayner, 1998). The 2000s, when eye tracking devices were produced that provide
access to more useful and reliable data with technological advances, are considered
the golden age of this technique (Ozer & Ozdemir, 2022). For the last 10 years,
research has been carried out using eye tracking devices with high sampling charac-
teristics such as 1000-2000 Hz and highly reliable data has been obtained (Ozer &
Ozdemir, 2022).

Today, with modern eye tracking devices, detailed information is obtained using
eye-movement parameters related to the temporal, spatial and count of fixation and
saccade eye movements (Lai et al., 2013). In the use of this technique, the area of
interest is first determined. The area of interest may be a word, sentence, paragraph,
question-answer, graphic or figure according to the purpose of the study. Visual
measurement results of eye-movement parameters such as gaze duration, first fixa-
tion duration or saccade duration may be defined for the area of interest (Lai et al.,
2013). The gaze duration refers to the total duration of the fixations (Jacob & Karn,
2003) and the first fixation duration refers to the duration until the first focus (Liv-
ersedge et al., 1998). Saccade duration is defined as the total saccade duration spent
in the area of interest (Lai et al., 2013).

1.2.1 Eye tracking technique in educational research

In recent years, studies using the eye tracking technique have increased with the
developing technology. The eye tracking technique, used in health, architecture,
engineering fields, has attracted the attention of educators and psychologists in
different parts of the world. The eye tracking technique is successfully applied
in educational research on human-computer interactions (Jacob & Karn, 2003),
information processing (Radach & Kennedy, 2004), arithmetic problem solving
(Malci, 2021; Ozdemir, 2013; Verschaffel et al., 1992) and examination of read-
ing skills (Rayner et al., 2006). Verschaffel et al. (1992) examined the processes
of solving mathematical problems using eye tracking technique and suggested
that it is necessary to recognize, select and process relevant information in order
to successfully solve mathematical problems. Ozdemir (2013) recorded students’
problem-solving processes on three math problems of similar difficulty with an
eye tracking device. Similarly, Malc1 (2021) recorded students’ problem-solving
processes on six geometry questions containing a short explanation and a dia-
gram with an eye-tracking device. Ozdemir (2013) reported that eye movements

@ Springer



Education and Information Technologies

are important for the management of attention resources in the problem-solving
process, and Malc1 (2021) reported that students use different strategies in solving
different problems. In the study focusing on reading comprehension processes,
researchers used participants’ eye movement data and reported that processing
time increased in difficult text (Rayner et al., 2006). He reported that when there
is an inconsistency in the text, readers focus more on that area. Jacob and Karn
(2003) investigated how researchers can apply eye tracking technique to human-
computer interaction issues as the personal computer increases and they reported
that this technique was useful for answering questions about how commands are
searched in computer menus. With this technique, computer interfaces and the
usability of the computer as an interaction tool were also investigated. After the
1990s, technological developments such as the internet, e-mail and video confer-
encing turned into information sharing tools, and researchers investigated their
availability using eye tracking techniques (Cowen et al., 2002). Additionally, the
usefulness of educational software was examined using the eye tracking tech-
nique (e.g.: Avci, 2010; Tonbuloglu, 2010). The researchers randomly selected
one of the educational software used in fifth grade science lesson (Avci, 2010)
and seventh grade mathematics lesson (Tonbuloglu, 2010) and they distributed
various task cards to the students and asked the students to perform these tasks
respectively. According to the results, the usefulness of the teaching software was
evaluated, user problems were revealed and various suggestions were made to
improve the software.

1.2.2 Eye tracking technique in science education

Studies using the eye tracking technique in science education focused on the fol-
lowing topics: (i) whether the participants’ science problem solving behaviors differ
according to their cognitive levels, (ii) the effect of the problem or text consisting of
images/graphics on their behavior, (iii) The effect of the experimental (visually sup-
ported) on some dependent variables.

Some studies examined students’ behavior in solving science problems according
to their cognitive levels (Rodemer et al., 2020; Tsai et al., 2012). Tai et al. (2006)
investigated where students with physics, chemistry and biology backgrounds
focused while solving science problems using the eye tracking technique. Rode-
mer et al. (2020) examined undergraduate chemistry students’ behavior in visual
decoding of problems using eye tracking technique and reported that students in the
advanced class were faster in their decision-making processes. In another study, the
researchers examined the visual attention of students solving a multiple-choice sci-
ence problem using eye tracking technique and it was found that students with insuf-
ficient pre-knowledge focused on more specific features, while students with suffi-
cient pre-knowledge focused on more thematic content (Tsai et al., 2012).

One of the study topics in which the eye tracking technique was used in science
education was researches examining the effect of a problem or text consisting of
different images/graphs on the student’s visual attention and behavior. Researchers
monitored students’ visual behavior while reading a text on the relationship between
the greenhouse effect and global climate change (Ho et al., 2014). They reported
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that students spent more time reading textual information than graphical informa-
tion. In another study, researchers investigated the impact of visuals on sixth grade
students’ understanding of science texts (Wu et al., 2021). Results showed that there
were no significant differences between the illustrated/non-illustrated text groups in
terms of reading comprehension and total duration of fixation. Teo and Peh (2023)
examined the eye movements of doctoral (expert) and undergraduate (novice) stu-
dents while solving five multiple-choice science questions and it was reported that
experts focused more on the question stem and novices focused more on the graph.

Another study topic in which the eye tracking technique was used in science edu-
cation was the researches examining the effect of the experimental on some depend-
ent variables. Researchers examined the effects of animations and visual feedback
on micro-scale explanations of experimental events was examined using eye track-
ing technique and they found increases in chemical imaging and critique of relevant
features after-experimental (Hansen et al., 2019). Researchers examined the impact
of simulation or screenshots on students’ conceptual understanding of collision the-
ory and it was determined that the screenshot and simulation met different cognitive
demands (Sweeder et al., 2019). Jian (2021) investigated the effect of reading and
practicing easy and difficult science articles on students’ learning outcomes using
the eye tracking technique and it was found that the experimental benefited students
who read the difficult article.

In sum, studies using eye tracking techniques in science education are limited.
In the current research, we are interested in how students solve skill-based science
questions. The current research is intended to expand research on solving science
problems in several aspects. First, we test how students solve skill-based questions
on matter and industry. Second, we examine how students solve questions at differ-
ent skill levels.

1.3 Theoretical framework

The eye-mind hypothesis is often mentioned in studies using the eye tracking tech-
nique in educational research (e.g.: Sprenger & Benz, 2020). Due to differences in
the cognitive structures examined and the focus of research, there was no standard
theoretical framework for studies using the eye tracking technique in educational
research (Ke et al., 2024). Ke et al. (2024) systematically examined studies using the
eye tracking technique in educational research and stated that the theoretical founda-
tions were not stated in most of the articles. The theories and models referred to in
the limited number of studies were divided into three categories. These are: cogni-
tive learning theories, attention theories and other psychological theories.

With the current study, we aim to analyze in depth students’ solving processes
of science questions at different skill levels. Skill-based questions generally contain
written and visual elements such as graphs, tables, text, maps, pictures, figures and
diagrams (Miller et al., 2009). The logic of the skill-based questions used in this
research is based on the cognitive theory of multimedia learning (Pellicer-Sanchez
et al., 2020), cognitive load theory (Clinton et al., 2017) and dual coding theory.
Paivio’s (1986) dual coding theory explains that text-diagram representations are
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stored in different cognitive systems. Questions in which image and text are ques-
tioned together contain more cognitive details than the information provided by text
or visual alone. In the current study, we aimed to reveal students’ levels of learning
cognitive details by supporting skill-based science questions with visuals.

The basic idea of the cognitive theory of multimedia learning and the cognitive
load theory is based on the limitation of the processing of information presented to
the auditory, linguistic and visual sensory processing channels. The cognitive theory
of multimedia learning argues that visual and verbal information (text or speech)
are processed in different ways, and the theory emphasizes the need to integrate this
information (Mayer, 2014). Reading comprehension may be improved by integrat-
ing text and pictures (Levie & Lentz, 1982). According to the cognitive load theory,
the amount of information that a person can process on working memory at a given
time is limited (Chandler & Sweller, 1991). If a student has too much information to
process or the information is difficult to understand, their limited working memory
capacity may be overloaded, resulting in poor comprehension and reduced learn-
ing (Sweller, 1994). Cognitive load may be specific to the learning goal or external
(Sweller et al., 2011). External cognitive load consists of information in working
memory that is unrelated to the instructional task and it is necessary to reduce the
external cognitive load so that students can understand the course content (Mayer &
Moreno, 2003). The skill-based questions used in the current study were created by
integrating text and visuals. Some of the questions were fictionalized from situations
encountered in everyday life. The cognitive load of solving some questions was low
and some was high. The solution of some questions had the potential to increase the
external cognitive load.

1.4 The present study and research questions

The increasing young population in Turkey, the low number of qualified schools and
the fact that these qualified schools accept students with scores have made it manda-
tory for the central exam system. Due to these reasons, students who have passed
from primary to secondary education participated in various exams. The question
styles of these exams have changed over time. The content of today’s high school
entrance exam consisted of questions that measured high-level cognitive skills
such as applying, analyzing, synthesizing and evaluating (Cakir, 2019). MoNE’s
first reports stated that most students did not answer these questions (MoNE, 2018,
2019). According to the results of TIMSS 2019, Turkey’s science literacy score has
increased (MoNE, 2020). The emphasis on the role of knowledge in daily life in
science curricula and including skill-based questions in central exams (high school
entrance exam) contributed to this success. For this reason, in the current study, we
aim to provide an in-depth analysis of students’ solving processes of science ques-
tions at different skill levels, which are asked to measure students’ high-level cogni-
tive skill levels in national central exams and international large-scale exams (e.g.
TIMSS). Revealing students’ processes of solving skill-based science questions will
contribute to teachers’ detailed understanding of why students have difficulty in
these questions and how much time and cognitive effort they spend. It will provide
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teachers with the opportunity to eliminate the knowledge and skill deficiencies nec-
essary to solve the problem that their students are struggling with. The results will
provide an opportunity for revision by drawing attention to skill-based question pre-
parers, the issues that students have difficulty understanding and the cognitive load
of the problem. This research has the potential to make significant contributions
to the relevant literature, as it has demonstrated with concrete evidence that visual
measurement results should be taken into account in the processes of developing
skill-based tests and solving test questions.Item analysis of skill-based questions is
generally done according to Classical Test Theory-CTT (Ozer-Ozkan, 2014). Item
analyzes based on lower and upper groups and correlation analyzes based on item-
total correlation are performed. The purpose of these analyzes is to reveal whether
the test questions distinguish between those who know and those who do not know.
In addition, the difficulty and discrimination levels of the questions and the prefer-
ence of the options are determined by these analyses. However, CTT cannot reveal
where a student focuses most while solving a question, where she spends the most
time, where she has difficulty reading questions with long paragraphs and images,
and what kind of behavior she exhibits when eliminating distractors. This study
revealed visual measurement results of students’ behavior towards solving skill-
based science questions. In this study, students’ processes of solving skill-based sci-
ence questions were recorded using some eye-movement parameters such as, time to
first fixation, duration of first fixation, number of fixations, average duration of fixa-
tion, total duration of fixation, number of visits, average duration of visit and total
duration of visit.

There were many studies in the literature revealing the opinions of teach-
ers, students and parents about high school entrance exams (i.e: Kizkapan &
Nacaroglu, 2019; Erden, 2020). There were studies on the use of eye tracking
technique in educational research (i.e.: Jian, 2021; Tsai et al., 2012). However,
no study was found that revealed visual measurement results of eighth grade stu-
dents’ processes/behaviors towards solving skill-based science questions. In this
respect, it is thought that the research will make significant contributions to the
relevant literature. Students are not familiar with the skill-based science ques-
tions and may have prejudices about the questions (Yigit et al., 2022). Student
perceptions have an impact on course success. Therefore, another focus of the
research was to reveal the relationship between visual measurement results and
student’ perceptions of skill-based science questions. In previous studies, stu-
dents’ science problem solving behaviors were examined according to the partici-
pants’ grade level (Rodemer et al., 2020) and prior knowledge levels (Tsai et al.,
2012). In this research, the processes of solving skill-based science questions of
successful and unsuccessful students were examined.

In the context of the importance of the above-mentioned research, the aim of this
study was to reveal the visual measurement results of eight grade students’ behavior/
processes in solving skill-based science questions by eye tracking technique. The
four research questions are as follows:
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Research questions.

1. What were the visual measurement results of eighth grade students’ processes in
solving skill-based science questions?

2. Did eighth grade students’ the fixation and visit duration or number on skill-based
science questions differ according to gender and 2023 high schools entrance exam
scores?

3. Was there a statistical relationship between students’ practice test scores and
their perceptions towards solving new generation science questions and visual
measurement results?

4. What was the predictive effect of visual measurement results on practice test
scores and students’ perceptions towards solving new generation science ques-
tions?

2 Methodology

Non-experimental quantitative research methods were used in the research. Non-
experimental research methods describe things that have occurred and exam-
ine relationships between things without any direct manipulation of conditions
(McMillan & Schumacher, 2006, p.24). Descriptive research design was used for
the first research question, comparative research design was used for the second
research question, and correlational research designs were used for the third and
fourth research questions. Descriptive research is used to summarize the cur-
rent or past status of something. Comparative research examines the differences
between two or more groups on a variable while correlational research exam-
ines the relationship between two or more variables without interfering with the
variables (McMillan & Schumacher, 2006, p.219). Visual measurement results
revealed by non-experimental research methods were supported by heat maps and
eye splash movements. The research methods are presented in Fig. 1.

For research question 1

»<_Descriptive

v
Non-experimental For research question 2 Visual

E— quatitative Comparative measurement
research methods v '\ results

Research
methods

»< Correlational

For research question 3 and 4

Heat maps and eye supported

splahs movements

Fig. 1 Research methods
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2.1 Research participants

Fifty-six volunteer students participated in the eye tracking application. These stu-
dents were eighth graders. 46.4% of the participants were female and 53.6% were
male students. The students were studying at four different schools. These schools
were located within the borders of a province in the north-west of Turkey. These four
middle schools were in the center of the city and there were approximately 700 stu-
dents in the eighth grade of these schools. It was approximately one third of the 8th
grade students studying in this province. Convenience and purposive sampling tech-
niques were used for participant selection. Limitations in terms of time and labor
were taken into account and the participants were selected from easily accessible
and applicable units. Additionally, participants who were rich in information in the
context of the purpose of the study were selected for in-depth research. According
to Patton (1990), there are different strategies regarding purposive sampling. While
determining the participants, maximum diversity strategy, one of the purposive sam-
pling methods, was used. The first criterion in the selection of participants was their
high school entrance exam performance. For this, participants were divided into
three categories according to their high school’s entrance exam scores and partici-
pants were selected from very good, good and average performers. The other selec-
tion criterion was willingness to participate in the study. Another criterion was the
approval of the parents. The application was carried out in the Human Computer
Interaction Laboratory of a university. This laboratory was approximately 10 km
from the city center and parental permission was required for students to come to the
university. Ethics committee approval and legal approvals were received. Addition-
ally, voluntary participation consent was obtained from them and their parents.

2.2 Data collection tools
2.2.1 Skill-based science test

A test containing skill-based science questions was prepared. This test was within
the scope of the “Matter and Industry” unit. It is a unit for the fall semester of eighth
grade. Many questions are asked from this unit in the high school’s entrance exams.
Initially, 91 questions were determined for the item pool. Twenty-five of these ques-
tions were asked in the high school’s entrance exams between 2018-2022. Sixty-six
of the questions were sample questions published by MoNE. Researchers evaluated
these questions according to paragraph length, presence of unfamiliar vocabulary,
contains visual/graphic, targeted skill level and cognitive domain level and they
determined 30 questions appropriate for the purpose of the research. These ques-
tions were about the periodic table, physical and chemical changes, chemical reac-
tions, acids and bases, and the interaction of matter and heat. Six questions were
determined for each topic.

After, expert opinions were received about Bloom’s cognitive domain level
(remembering, understanding, applying, analyzing, evaluating and creating),
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targeted scientific process skills (basic, causal and experimental) and cognitive load
of the questions. For each topic, five science teachers expressed their opinions about
the skill level, cognitive domain level and cognitive load of the questions. Five ques-
tions were removed from the test with science teacher’s consultation. 25- item test
was applied to 252 ninth grade students and difficulty and discrimination indexes of
the questions were calculated. These students were studying in three high schools,
two of which accepted students with examination and one without examination.
Convenience and purposive sampling techniques from non-random sampling tech-
nique was used at this stage. Participants were selected from volunteers who were
easier accessible. It was prioritized that the participant group of the 25-item test and
the participant group of the eye tracking technique showed similar characteristics.
The sample group for the 25-item test was detailed in Table 1.

Item analyses were performed on the answers of students who had prior knowl-
edge about the “Matter and Industrial” unit. The difficulty and discrimination
indexes of the questions were calculated. For this purpose, each of the lower and
upper groups was determined as 72 participants. After the analysis, statistically sig-
nificant differences were found between the lower and upper groups in most of the
questions [except questions thirteenth (t=-1.346; p<.05) and twenty-fourth (t=-
1.549; p <.05)]. The difficulty and discrimination indexes of each question are pre-
sented in Table 2.

Nine questions were selected from the 25-question test to be used in the eye
tracking technique application. Two questions were selected from each topic field
(the periodic table, physical and chemical changes, chemical reactions and acids
and bases). A question was selected from the topic of the interaction of heat and
matter. These questions were determined according to the difficulty and discrimina-
tion indexes, paragraph length, presence of unfamiliar vocabulary, contains visual/
graphic, targeted skill level and cognitive domain level. Questions’ targeted skill lev-
els and cognitive domain levels are presented Table 3 (The questions were renum-
bered according to the order in Table 2). Three questions each measuring basic,
causal and experimental scientific process skills were included for the eye tracking
technique application. According to the revised Bloom’ cognitive domain level,

Table 1 Sample group for the 25-question test

Gender N Percentage
Female 158 62.7

Male 94 373

Total 252 100

High schools

Science high school (A high school that accepts students with high school’s entrance 84 333
exam score)

Anatolian high school (A high school that accepts students with high school’s entrance 82 32.5
exam score)

Anatolian high school (A high school that accepts students without exams) 86 34.2
Total 252 100
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Table2 The difficulty and

LT Questions Difficulty indexes  Discrimination indexes
discrimination indexes
Question 1 0.84 0.23
Question 2* 0.72 0.43
Question 3 0.74 0.43
Question 4 0.48 0.66
Question 5* 0.58 0.72
Question 6 0.76 0.41
Question 7 0.87 0.25
Question 8 0.36 0.48
Question 9 0.61 0.62
Question 10* 0.46 0.51
Question 11 0.45 0.69
Question 12%* 0.68 0.52
Question 13 0.22 0.09
Question 14* 0.64 0.62
Question 15 0.56 0.50
Question 16 0.42 0.54
Question 17 0.56 0.80
Question 18* 0.65 0.66
Question 19%* 0.31 0.20
Question 20 0.55 0.50
Question 21* 0.47 0.68
Question 22 0.52 0.62
Question 23 0.50 0.51
Question 24 0.17 0.09
Question 25* 0.26 0.16

* Questions used in eye tracking technique

there were two questions for each of the applying, analyzing and evaluating levels.
In addition, three questions were included for the level of understanding. Thus, the
nine-question skill-based science test was prepared for the eye tracking application.

The reliability coefficient of the nine-question test was calculated as 0.63 using
the KR-20 formula. The average difficulty level of the test was 0.53. The optimal dif-
ficulty level for four-choice items is approximately 0.62 (Kaplan & Saccuzzo, 1997).
According to these results, it can be said that the nine-question test is a little difficult
for eighth grade students. Sample questions are presented in the appendix.

2.2.2 Eye tracking device
The researchers aimed to reveal the visual measurement results related to eighth
grade students’ process/behaviors of solving skill-based science questions. A pilot

implementation was carried out by the first author with a different sample group
to gain experience in the use of the eye tracking device before the implementation.
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Before the implementation of current research, participants were informed about the
purpose of the research. After that calibration was performed for each student. Dur-
ing the calibration process, participants were asked to follow the points on the com-
puter screen. Thus, the sensitivity of the participants’ eye movements was revealed
with the eye tracking devices. At this stage, an expert with experience in using the
eye tracking device assisted. Students’ the fixation and visit duration or number
(time to first fixation, duration of first fixation, number of fixations, average duration
of fixation, total duration of fixation, number of visits, average duration of visit, total
duration of visit) on science questions were detected through sensors on eye tracking
devices. Heat maps and eye splash movements were revealed.

2.2.3 Think aloud protocol

Students were asked to solve the questions by thinking aloud. The first author
recorded the steps/process that the participants expressed aloud with a voice
recorder. Voice recordings and researcher’s notes were transcribed together.

2.2.4 Perception scale towards solving new generation science questions

This scale was developed by Yigit et al. (2022). The scale included three subscales:
self-efficacy, attitude and willingness. The self-efficacy sub-dimension includes
items that measure the student’s belief that they can solve new generation science
questions. The attitude sub-dimension measures the student’s attitude towards new
generation science questions. The willingness sub-dimension measures the student’s
willingness to solve new generation science questions. Sample items for each sub-
dimension are given below:

e [ think that I will fail the high schools entrance exam because of the new genera-
tion science questions (for self-efficacy sub dimension).

e Solving new generation science questions activates my sense of curiosity (for
attitude sub dimension).

e [ hate new generation science questions (for willingness sub dimension).

The scale was a five-point Likert type. Permission was obtained from the devel-
opers of the scale. In the current study, this perception scale was used to determine
the participants’ perception levels towards solving new generation science questions.
Thus, the relationship between the participants’ perception levels and visual meas-
urement results was revealed.

2.3 Data analysis

SPSS 22 statistical program was used to analyze quantitative data. Visual measure-
ment data were analyzed with quantitative descriptive analysis techniques and the
results were presented in tables. It was determined by t-tests, one-way ANOVA,
Mann Whitney U test and Kruskal Wallis test whether visual measurements results
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differed according to gender and high schools entrance exam score. The relation-
ships between visual measurement results and practice test scores and perception
levels were revealed using correlation analysis techniques. Finally, the predictive
effects of visual measurement results on the practice test scores and perception lev-
els were determined using regression analysis techniques. Eye tracking device data
were examined using Gaze Viewer software and the results were shown as heat
maps and eye splash movements. Think-aloud protocol data were analyzed with
qualitative descriptive analysis techniques. Qualitative data of heat maps, visuals of
eye movement, and think-aloud protocols were analyzed together by the research-
ers. In the current study, quantitative data regarding the visual measurement results
obtained from the eye tracking device were supported with images of heat maps and
eye splash movements and qualitative descriptive quotes obtained from think-aloud
protocols. Thus, data triangulation was achieved by supporting quantitative data
with qualitative data. The research process is summarized in Fig. 2.

3 Results
3.1 Results for the first sub-problem

The first research question of the study: What are the descriptive results of students’
fixation and visit duration and number on questions? Descriptive results were found
regarding the students’ fixation duration (time to first fixation, duration of first fixa-
tion, average/total duration of fixation) and number of fixations for each question.
Additionally, the duration (average/total duration of visit) and number of visits of
the students to each question were revealed. Descriptive results of visual measure-
ment are presented in Table 4.

It was observed that time to first fixation increased from the first question to the
last question. The first question was about the periodic table, the last question was

1. Create an item pool
2. Expert opinions
3. Pilot application
4. Difficulty and discrimination indexes
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Table 4 Descriptive results for visual measurement

Questions* TFF DFF NF ADF TDF NV ADV TDV
Q1 Mean 95.83 0.17 125.73 0.32 42.21 2.30 24.01 48.89
SD 20.72 0.09 60.92 0.08 27.55 0.93 16.19 30.47
Q2 Mean 145.93 0.12 266.46 0.30 78.57 2.84 40.94 92.19
SD 38.94 0.08 136.70 0.07 41.33 1.81 24.99 47.01
Q3 Mean 239.99 0.21 179.21 0.28 51.21 2.48 31.11 61.63
SD 73.69 0.01 93.73 0.09 31.66 1.48 23.64 35.99
Q4 Mean 303.16 0.18 267.39 0.30 78.26 2.61 45.08 93.29
SD 99.31 0.09 108.90 0.08 34.99 1.81 25.16 39.75
Q5 Mean 398.12 0.18 86.30 0.26 22.53 1.86 16.71 27.18
SD 129.88 0.08 42.64 0.05 13.85 0.77 12.99 15.78
Q6 Mean 426.21 0.20 252.25 0.28 68.68 2.18 47.14 83.50
SD 139.85 0.14 129.44 0.07 33.88 1.19 28.72 39.44
Q7 Mean 511.05 0.19 270.09 0.31 81.51 2.28 50.78 97.05
SD 165.13 0.11 133.60 0.09 42.60 1.45 28.52 46.75
Q8 Mean 609.55 0.20 199.02 0.28 57.40 1.89 42.61 69.89
SD 200.99 0.11 96.94 0.06 34.75 0.73 27.77 38.59
Q9 Mean 680.42 0.18 247.11 0.33 81.01 2.39 51.04 96.66
SD 231.18 0.10 181.37 0.08 57.67 2.84 36.84 68.04

* The questions were renumbered according to the sequence in Table 2

Time to first fixation: TFF; Duration of first fixation: DFF; Number of fixations: NF; Average duration
of fixation: ADF; Total duration of fixation: TDF; Number of visits: NV; Average duration of visit: ADV;
Total duration of visit: TDV

about interaction of matter and heat. Red areas on the heat maps indicate that the
fixation time is too long. Accordingly, when the heat map for the first question was
examined (see Fig. 3), it was seen that the student (student’s code is S,,) fixations
more on option A (correct answer is D) by making an elimination among the options
after reading the question text. For the ninth question, it was observed that after
reading the question text, the student fixation on the table and the options and chose
option B among the options (correct answer is C).

It was found that duration of first fixation were similar for all questions. The dura-
tion of first fixation was minimum for the second question (Mean=0.12; SD =0.08)
and maximum for the third question (Mean=0.21; SD=0.01). Solving the third
question required the use of experimental process skills. When the heat maps were
examined (see Fig. 4), it was found that the students (student’s code is S,¢) had dif-
ficulty eliminating the options I, IT and III in the third question.

The number of fixations for the fifth question was minimum (Mean=86.30;
SD=42.64). This question is a question prepared within the scope of the chemical reac-
tion topic field, at the applying stage of the cognitive field according to the Bloom tax-
onomy, and aims to measure students’ basic scientific process skills (observation skills).
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$9- Saf M sivisi ile saf N katisina ait bilgiler verilmistir.
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Fig.3 Heat maps for Q, and Q,

The number of fixations for the seventh (Mean=270.09; SD=133.60) and fourth ques-
tions (Mean=267.39; SD=108.90) was maximum. Eye splash movements show the
movements between the fixation points of the eye, respectively. Accordingly, the fix-
ation numbers and eye movements are presented in Fig. 5. The fourth question was
about chemical change and in the context of Covid-19. Compared to other questions,
it contained many unknown concepts and pictures for the students. Solving the seventh
question required designing experiments using dependent, independent and control var-
iables. In other words, it required the use of experimental process skills.

The average duration of fixation (Mean=0.26 ms; SD=0.05) and total dura-
tion of fixation (Mean=22.53 ms; SD=13.85) for the fifth question was minimum.
The average duration of fixation for the ninth question (Mean=0.33 ms; SD=0.08)
was maximum. The ninth question was about interaction of matter and heat. In the
think-aloud protocols, “some students stated that they could not answer this question
because it would not appear in the high-school entrance exam and they left it blank”
(student’s code are S5 and S¢). The total duration of fixation for the seventh question
(Mean=281.51 ms; SD=42.60) was maximum. Solving this question required the use
of experimental process skills. Additionally, it was observed that the student was unde-
cided between the options in this question (e.g.: student with code S¢) (Fig. 6).

The number of visits for the fifth question was minimum (Mean=1.86;
SD=0.77). The number of visits for the second question (Mean=2.84; SD=1.81)
was maximum. This question was about the periodic table and solving this ques-
tion required mathematical operation. Therefore, it was found that students made
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many transition movements between pictures and options. According to think-aloud
protocols, it was noted that some students made collection for one of the options.
This question is at the analysis stage of the cognitive field according to Bloom’s
taxonomy and aims to measure students’ causal scientific process skills (inference).
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Finally, the average duration of visit (Mean=16.71 ms; SD=12.99) and total
duration of visit (Mean=27.18 ms; SD=15.78) for the fifth question was minimum.
The average duration of visits for the ninth question (Mean=51.04 ms; SD=36.84)
was maximum. The total duration of visits for the seventh question (Mean=97.05
ms; SD =89.43) was maximum. This result was consistent with the average duration
of fixation and total duration of fixation (Fig. 7).

$9- Saf M sivisi ile saf N katisina ait bilgiler verilmistir.
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3.2 Results for the second sub-problem

The second research question of the study: Do the results of visual measurements
differ according to gender and 2023 high school entrance exam scores? In this con-
text, the research revealed whether the results of visual measurements differ accord-
ing to gender and 2023 high schools entrance exam scores.

3.2.1 Results for visual measurements by gender

First, the skewness and kurtosis values were examined for each item. An independ-
ent sample t-test was performed for items with normal distribution, and Mann Whit-
ney U test was performed for items that did not show normal distribution. In order to
decide on the items with normal distribution, criteria were taken as skewness value
2 and kurtosis value 7 (i.e.: George & Mallery, 2020; Cosguner, 2022). The ques-
tions that provide the assumption of normality are presented in Table 5.

After t-test analysis, no differences were found according to gender. Accord-
ing to Mann Whitney U test results, for the number of visits variable, a difference
was found according to gender in the second question (See Table 6). It was found
that males (Mean=3.40; SD=2.22) visited the second question more than females
(Mean=2.19; SD=0.80). According to this finding, it can be said that male visit
more frequently to solve the second problem prepared within the scope of the peri-
odic table.

Table 5 Questions that provide
the assumption of normality

Variables Questions

Time to first fixation
Duration of first fixation
Number of fixations
Average duration of fixation
Total duration of fixation
Number of visits

Average duration of visit

Total duration of visit

QI1,Q2 and Q3

All questions
Q1,Q3,Q4,Q5,Q7 and Q8
Q1. Q2. Q5. Q6, Q8 and Q9
Q4, Q6, Q7 and Q8

QI1, Q5, Q6 and Q8

Q1, Q2, Q4, Q6, Q7, Q8 and Q9

Q3, Q4, Q5, Q6 and Q7

Q=Question

Table 6 Mann Whitney U test results

Questions Group N The average Thesum U P
of rank of ranks
The number of visits for second question ~ Female 26 23.40 608.50 257.500 0.023*
Male 30 3292 987.50
*p<.05
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3.2.2 Results for visual measurements by 2023 high schools entrance exam scores

Participants were divided into three categories according to their high school’s
entrance exam scores. In the first group, there were students (f=19) with a
score of 450-500. In the second group, there were students (f=19) with scores
of 400-449. In the third group, there were students (f=18) with scores below
400. The significant differences that emerged after one-way ANOVA are pre-
sented in Table 7.

Differences were found in the visual measurement results of participants’
behaviors/processes of solving skill-based science questions according to their
high school’s entrance exam scores. For the eighth question, significant differ-
ences were found in the students’ fixation number, total duration of fixation and
average duration of visit. According to Tukey results from Post Hoc tests, this
difference was in favor of high-scoring students. High-scoring students had less
numbers of fixations (Mean=167.52; SD=57.83) than low-scoring students
(Mean =250.83; SD=122.13), and the difference was statistically significant
(F (2-s3y=4.362; p<.05). Additionally, high-scoring students had less total
duration of fixation (Mean=45.25 ms; SD=18.66) than low-scoring students
(Mean=74.81 ms; SD=35.05), and the difference was statistically signifi-
cant (F ,_s3y=3.954; p<.05). Similarly, high-scoring students had less aver-
age duration of visit (Mean=33.64 ms; SD=17.17) than low-scoring students
(Mean=59.12 ms; SD=36.90), and the difference was statistically significant
(F (2-53y=5.494; p <.05). Comparing the fixation number of students with high
scores (482) and students with low scores (350) in high school entrance exam
for the 8th question, it was seen that high-scoring student’ number of fixations
was 35 (student’s code is S,5), while low-scoring student’ number of fixations
was 282 (student’s code is S;¢) (See Fig. 8). Heat maps for total duration of
fixation and average duration of fixation showed that the result was in favor of
high-scoring students.

Questions that did not meet the normality assumption were analyzed with the
Kruskal Wallis test and results are presented in Table 8. Statistically significant

Table7 One-way ANOVA results

Sum of squares df Mean square F p
Number of fixations for eight Between groups  73053.114 2 36526.557 4362 0.018*
question Within groups ~ 443807.868 53 8373.733
Total 516860.982 55
Total duration of fixation for eight Between groups  8621.427 2 4310.714  3.954 0.025*
questions Within groups ~ 57785.124 53 1090.285
Total 66406.551 55
Average duration of visit for eight Between groups ~ 7285.343 2 3642.672  5.494 0.007*
question Within groups ~ 35141.896 53 663.055
Total 42427.239 55

#p <05
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Fig.8 Eye movements and heat maps according to high school’s entrance exam scores
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Table 8 Kruskal Wallis test results

N Mean The average df x2 p
of rank
Total duration of fixation for three question 19 39.83 20.74 2 6.540 0.038*

19 55.59 32.89
18 58.59 32.06

Total duration of fixation for five question 19 17.10 21.53 2 7.340 0.025*
19 24.69 28.32
18 25.98 36.06

Total duration of visit for eight question 19 56.64 23.11 2 8.170 0.017*
19 66.54 25.42
18 87.41 37.44

*p<.05

differences were found between the students’ total duration of fixation for the third
and fifth questions. The difference was in favor of students with high scores. Stu-
dents with high scores had less total duration of fixation. Additionally, high-scoring
students’ total duration of visit for the eighth question was less. When the heat maps
and eye splash movements of the high-scoring student were examined, it was seen
that the student with a high score was undecided between two similar distractors, but
the low-scoring student looked at all distractors.

3.3 Results for the third sub-problem

The research revealed the relationship between visual measurement results, students’
practice test scores and their perception levels towards solving skill-based science
questions.

3.3.1 Relationship between visual measurement results and practice test scores

First, scatter plot matrixes were examined for binary normality assumptions of each
variable (Kline, 2011, p.65; Tabacnick & Fidell, 2015, p.83). Since the distributions
were close to ellipse, it was seen that the binary normality assumptions were met.
When the descriptive statistics of the test scores were examined, it was seen that the
test scores exhibited a normal distribution (Skewness: —0.62; Kurtosis: —0.37). The
relationship between visual measurement results and practice test scores is presented
in Table 9.

No correlation was found between time to first fixation and duration of first fixa-
tion and practice test scores for all questions. Significant negative relationships were
found between number of fixation and practice test scores for the first (ryg=-0.272;
p<.05) and eighth questions (ryp=-0.386; p<.01). Significant negative relation-
ships were detected between average duration of fixation and practice test scores for
the third (rypp=-0.274; p<.05), fourth (r,pp=-0.356; p <.01), sixth (rppp=-0.321;
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Table9 The relationship between visual measurement results and total test scores

Questions TFF DFF NF ADF TDF NV ADV TDV

Q1 0.068 0.033 -0.272%  -0.213 -0.324% -0300%* -0.032 -0.320%*
Q2 -0.220 -0.102 0.133 -0.239 —0.001 0.182 —-0.046  0.030

Q3 —-0.094 -0.112 -0.096 -0.274%  —0.212 0.114 -0.211 -0.189
Q4 -0.137 -0.042 0.151 —0.356*%* —0.055 —0.041 -0.008 -0.018
Q5 -0.109 -0.016 -0.127 -0.239 -0.171 —0.208 0.011 —0.167
Q6 -0.121 -0.070 -0.146 -0.321* -0.280* —0.009 -0.145 -0.241
Q7 -0.164 -0.232 -0.082 -0313* -0214 -0.233 0.014 —0.164
Q8 -0.175 —0.153 —-0.386%* —0.366%* —0.440** —0.041 —0.330* —0.386**
Q9 -0.217 0.101 -0.227 —0.352%*% -0.323* —-0.371*%* 0.069 —0.283%*

p*<0.05; p**<0.01

p<.05), seventh (rypr=-0.313; p<.05), eighth (rypr =-0.366; p<.01) and ninth
questions (rypg =-0.352; p<.01). These relationships were moderate (there was a
weak relationship for the third question). Additionally, significant negative relation-
ships were determined between total duration of fixation and practice test scores
in the first, sixth, eighth and ninth questions. On the other hand, Table 9 showed
that there were negative significant relationships between number of visits and total
duration of visit and practice test scores for the first and ninth questions. Negative
significant relationships were determined between average duration of visit, total
duration of visit and practice test scores for the eighth question.

In summary, no relationship was found between the practice test score and vis-
ual measurement results for the second and fifth questions. The questions that had
a relationship between at least one visual measurement (average duration of fixa-
tion) and the practice test score were the third, fourth and seventh questions. For the
sixth question, there was a negative relationship between at least two visual meas-
urements (average duration of fixation and total duration of fixation) and the practice
test score. A correlation was found between at least four visual measurements and
practice test scores for the first, eighth and ninth questions. All significant relation-
ships were negative.

3.3.2 Relationship between visual measurement results and perception levels

First, scatter plot matrixes were examined for binary normality assumptions of each
variable (Kline, 2011, p.65; Tabacnick & Fidell, 2015, p.83). Since the distributions
were close to ellipse, it was seen that the binary normality assumptions were met.
When the descriptive statistics of students’ perception levels were examined, it was
seen that the perception levels exhibited a normal distribution (Skewness: —0.69;
Kurtosis: 1.479). The relationship between visual measurement results and percep-
tion levels is presented in Table 10.

Table 10 showed that there was no relationship between duration of first fixa-
tion and average duration of visit and perception levels for all questions. Negative
relationships were found between time to first fixation and perception levels for the
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Table 10 The relationship between visual measurement results and perception levels

Questions TFF DFF NF ADF TDF NV ADV TDV

Q1 -0.077 —0.248 —0.284* —0430*%* —0.434** —0.177 —0.198 —0.423**
Q2 -0.377%% -0.161 0.073 —0.402%*% —0.139 0.187 -0.250 -0.093
Q3 —0.255 -0.073 0.038 —0.492%*%  —0.244 0.008 —0.148 —0.207
Q4 -0.263 -0.181 -0.097 -0418** —-0.351** -0.323* -0.022 -—0.326*
Q5 —0.308*  0.057 -0.266* —-0.172 -0.325% -0.061 -0.254 -0.327*
Q6 -0.323*  0.019 0.074 -0.396*%* —0.113 —-0.106 —-0.088 —0.062
Q7 -0.294*%  —-0.148 0.035 —0.390*%* —0.155 0.025 -0.158 -0.120
Q8 -0.270*  —-0.188 -0.168 —0.381** —0.338* -0.074 —0.177 -0.308*
Q9 -0.287%* -0.063 -0.015 -0.296* —0.112 -0.130  0.050 -0.076

p*<0.05; p**<0.01

second, fifth, sixth, seventh, eighth and ninth questions. The Table 10 showed that
there were significant negative relationships between number of fixation and percep-
tion levels for the first and fifth questions. Additionally, significant negative rela-
tionships were found between average duration of fixation and perception levels for
all questions except the fifth question. There were significant negative relationships
between total duration of fixation and students’ perception levels for the first, fourth,
fifth, and eighth questions. On the other hand, Table 10 showed that there were mod-
erately negative significant relationships between the number of visits and students’
perception levels for the fourth question (ryy=-0.323; p <.05). Negative significant
relationships were found between total duration of visit and perception levels for the
first, fourth, fifth and eighth questions. In summary, significant negative relation-
ships were found between the perception level and at least one visual measurement
results for all questions.

In the study, a three-dimensional scale (self- efficacy, attitude and willingness)
was used to determine eighth grade students’ perceptions towards solving new gen-
eration science questions. It was revealed in the relationships between the partici-
pants’ perception levels in these sub-dimensions and the visual measurement results
regarding the solving of the questions. It was observed that there were almost no
significant relationships between duration of first fixation, the number of fixations,
the number of visits, and the sub-dimensions of perception. Negative relationships
were found between self-efficacy and at least one visual measurement results for all
questions. There were negative significant relationships between average duration
of fixation and self-efficacy (for all questions), attitude (for the first, third and fourth
questions) and willingness (for the first, second, third, fourth and seventh questions)
sub-dimensions. Additionally, negative significant relationships were found between
average duration of visit and total duration of visit and the sub-dimensions of per-
ception. However, these relationships were not at the frequency and level of average
duration of fixation and total duration of fixation. In summary, it was observed that
there were more statistically significant negative relationships between visual meas-
urement results and self-efficacy, one of the sub-dimensions of perception towards
solving new generation science questions, than attitude and willingness.
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3.4 Results for the fourth sub-problem

Researchers revealed the predictive effects of visual measurement results on prac-
tice test scores and perception towards solving next-generation science questions.
First, the assumptions regarding multiple linear regression analysis were tested.
Since the measurement results of duration of first fixation, average duration of fixa-
tion, number of visits and average duration of visits met the assumptions of nor-
mality, multiple linear analyzes were carried out on these variables. In addition,
it was seen that they met the assumption of normality in the descriptive statistical
results of practice test scores and perception levels. First, the correlations between
the predictive variables are presented in Table 11. The highest correlation was
between the number of visits and the average duration of visits (r=—.359; p <.01).
This relationship was moderate, negative and significant. The lowest relationship
was between duration of first fixation and number of visits (r=.010; p >.05). This
relationship was weak, positive and not statistically significant. It was observed that
the VIF values of visual measurements were below 10 and the relationship between
the predictive variables was below 0.90. Therefore, it was decided that there was no
obstacle to multiple linear regression.

3.4.1 Predictive effect of visual measurement results on practice test scores
Multiple linear regression analysis results are presented in Table 12. Visual measure-

ment results together did not show a significant relationship (R=.393, R?=0.155)
with practice test scores (F(y_s;,=2.331; p>.05). Four variables explained 15.5% of

Table 11 Correlations between visual measurement results

Duration of Average duration Number of visits Average
first fixation of fixation duration of
visit
Duration of first fixation 0.332% 0.010 —0.059
Average duration of fixation 0.112 0.234
Number of visits —0.359%%*

Average duration of visit

Pp*<0.05; p**<0.01

Table 12 Predictive effect of visual measurement results on practice test scores

Variables B Std. Error B t P Zero-order (r) Partial (r)
Constant 11.537 1.856 6.216 0.000

Duration of first fixation —4.939 7.185 —0.095 —-0.687 0.495 —0.096 —0.089
Average duration of fixation = —7.607 4.555 —-0.244 —-1.670 0.101 -0.228 -0.215
Number of visits —0.538 0.356 —-0.215 —1.5110.137 -0.207 -0.195
Average duration of visit —0.017 0.018 —-0.140 -0.956 0.343 —-0.133 -0.123
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the total variance in practice test scores. The order of relative importance of visual
measure results on practice test scores was average duration of fixation, number of
visits, average duration of visit and duration of first fixation.

3.4.2 Predictive effect of visual measurement results on perception levels
Multiple linear regression analysis was performed to determine whether variables
had a significant relationship with students’ perception levels towards solving new

generation science questions, and the results are presented in Table 13.

Table 13 Predictive effect of visual measurement results on perception levels

Variables B Std. Error t )4 Zero-order (r) Partial (r)

Constant 5.656 0.505

Duration of first fixation —2.383 1.956 -0.162 - 0229 -0.168 —0.150
1.218

Average duration of fixation —2.799 1.240 -0.315 — 0.028 -0.301 —-0.278
2.257

Number of visits —0.109 0.097 —0.152 — 0267 -0.155 —-0.138
1.122

Average duration of visit —0.006 0.005 -0.172 - 0226 -0.169 -0.151
1.227

Table 14 Predictive effect of visual measurement results on sub-dimensions of perception

Sub-dimensions B Std. Error B t p Zero-order (r) Partial (r)

For self-efficacy sub-dimension

Constant 5951 528 11.267

Duration of first fixation = -1.951 2.044 -117  -954 345 -132 -.109

Average duration of -4.601 1.296 -459  -3.550 .001 —.445 —.405
fixation

Number of visits -.061 .101 -076  -.607 546 —.085 —-.069

Average duration of visit —.007  .005 -.188  -1450 .153 -.199 —.165

For attitude sub-dimension

Constant 5.384  .800 6.732

Duration of first fixation =~ -3.452  3.096 -159 -1.115 270 -.154 -.147

Average duration of —2.298 1.963 -175 1171 247 -.162 —-.155
fixation

Number of visits -.090 .153 -086 -588 559 -.082 -.078

Average duration of visit —.008  .008 -153  -1.019 313 -141 —-135

For willingness sub-dimensions

Constant 5.633  .507 11.104

Duration of first fixation — -1.747 1.963 -125 -809 378 -.124 -.116

Average duration of -1.499 1.245 -178  -1.204 234 -.166 —-.157
fixation

Number of visits -175  .097 -258 -1.796 .078 -244 -.234

Average duration of visit —.003  .005 -082 -550 585 -.077 -.072
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Table 13 showed that visual measurement results together showed a significant
relationship with students’ perceptions of solving new generation science problems
(F_s1,=3.734; p<.05). Four variables explained 22.7% of the total variance in per-
ception levels. Average duration of fixation (f = —0.315, p <.05) was a significant
predictor of students’ perceptions towards solving new generation science problems.

Additionally, multiple linear regression analysis was performed to determine
whether the variables had a predictive effect on self-efficacy, attitude and willing-
ness sub-dimensions (See Table 14). The results showed that four variables together
showed a significant relationship with self-efficacy, which is the sub-dimension of
perception (F4_s5;,=6.475; p<.05). Four variables explained 33.7% of the total
variance on self-efficacy. Average duration of fixation was a significant predic-
tor of self-efficacy towards solving new generation science questions (p = —0.459,
p <.05). On the other hand, it was found that the four variables together did not
show a significant relationship with attitude (F,_s5;,=1.564; p>.05) and willingness
(F4—-s1y=2.012; p>.05), which are the sub-dimensions of perception. The four vari-
ables together explained 10.9% of attitude and 13.6% of willingness.

4 Conclusions and discussion

First, visual measurement results of eighth grade students’ processes of solving
skill-based science questions were presented. According to visual measurement
results, the fifth question had the smallest values in terms of number of fixation,
average/total duration of fixation, number of visits, and average/total duration
of visit. This question was about chemical reactions and was a short and visual
question. Additionally, this question is at the applying level according to Bloom’s
taxonomy and aims to measure observation skills from basic scientific process
skills. The results of the research showed that students easily solving such short
and visual questions (%89.2). Part of the mental model is formed by examining
the picture, and the picture speeds up the understanding of the paragraph (Eitel
et al., 2013). Related literature revealed that students spend more time reading
textual information than graphical information (Ho et al., 2014). It was reported
that young readers’ reading time for images is too short (Jian, 2016; Jian & Ko,
2017). Wu et al. (2021) reported that students solved visuals questions more eas-
ily in terms of reading comprehension and total duration of fixation compared to
long-text questions. The current study revealed that the seventh and ninth ques-
tions had the greatest values in terms of average/total duration of fixation and
average/total duration of visit. In other words, solving these questions required
the most effort. The seventh question was about acid-base, and the ninth question
was about the interaction of matter with heat. The seventh question inquired the
dependent, independent and control variables with an experiment. This question
was at the evaluating level of the cognitive domain according to Bloom’s taxon-
omy, and it aims to measure the ability to create experiments from experimental
scientific process skills. The results of the research showed that students focused
for a long time to understand the questions that required gaining experimental
process skills and there were a lot of eye movements between the options and
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the question text. The possible reason for the higher average and total duration of
fixation may be due to the difficulty level of the question text and the presence of
elements that require visual attention (Cosguner, 2022). It has been stated in many
studies and in the exam reports of MoNE that the skill-based question measures
different high-level skills (Erden, 2020). Karabulut et al. (2022) reported that stu-
dents had difficulty understanding skill-based science questions and said that the
questions were complex and long. Students explained the reason why they could
not focus on skill-based questions was that the questions were long due to tables,
visuals and graphs (Deveci et al., 2023). Negi and Mitra (2020) stated that opera-
tions involving complex tasks give longer measurement results. The ninth ques-
tion was about the interaction of matter and heat. It was also a question involving
graphics. This question was at the understanding level of the cognitive domain
according to Bloom’s taxonomy and aims to measure number and space relations
skills from basic scientific process skills. The authorities announced that there
will be no questions on this topic in the 2023 high schools entrance exam. This
may be the reason why students spend a long time on this question. According
to the think-aloud protocols, the students stated that they did not remember the
topic because it would not appear in 2023 high schools entrance exam. Addi-
tionally, number of fixations for fourth and seventh questions was more than the
other questions. The fourth question was a question about chemical and physical
changes. This question was at the understanding level of the cognitive domain
according to Bloom’s taxonomy and aims to measure inference skills from causal
scientific process skills. The fact that the question contains a detailed explanation
may be the reason why number of fixations is too high. Another reason may be
that the question is in the context of Covid-19. Jian (2021) reported that students
who read a difficult article and practiced had better problem-solving performance
than those who only read the same article. The difficult article contains unfamil-
iar academic language and many words (Snow, 2010; Wellington & Osborne,
2001). Concretizing abstract concepts requires practice (Osborne et al., 2016;
Patterson et al., 2018). Solving the question in the context of Covid-19 required
concretizing abstract concepts about physical and chemical change. Achieving
this depends on solving a lot of practice problems. In the above studies, it was
intended that the sense of touch supports the visual sense in understanding the
phenomenon. Exercising with different types of research problems will contribute
to concretization and learning of the topic. The fact that the participants did not
solve enough research problems may explain the high number of fixations. Expo-
sure to unfamiliar words twice increases vocabulary (Rott, 1999). Another possi-
ble explanation may be that students encounter some of the words in the question
for the first time. In other words, the question may have contained many unfamil-
iar words for the students. On the other hand, when time to first fixation is exam-
ined, it was found that students focused on the first question for the shortest time
and the ninth question for the longest time. The possible explanation was that stu-
dents may have been influenced by the sounds and objects in the environment and
getting bored towards the last question. One of the limitations of studies using the
eye tracking technique is that the student gets excited, bored and anxious while
solving questions in front of the computer (Karaoglan-Yilmaz & Yilmaz, 2019).
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The question with the shortest duration of first fixation was the second question,
and the question with the highest duration of first fixation was the third question.
The question with the more number of visits was the second question. The second
question was a question that contained a visual and long-text about the periodic
table. This question was at the analyzing level of the cognitive domain according
to Bloom’s taxonomy and aims to measure inference skills from causal scientific
process skills. This question involved numerical operations and students made
many transition movements between options and figure. This may be a possible
explanation for the short duration of first fixation and the more number of visits.
It was reported that young readers’ reading time for visuals was very short, but
their referencing behavior between text and image was insufficient (Jian, 2016;
Jian & Ko, 2017). Brief examination of images may not be sufficient for a partial
mental model (Wu et al., 2021). In the current study, the number of visits for the
second question was high, but this question was answered correctly by 57.1% of
the students. Briefly examining the visual may have prevented creating a mental
model to solve the problem. The first result of current research was that the cog-
nitive loads of the questions, supporting the question with visuals, the targeted
skill levels, presence of unfamiliar vocabulary and complexity of options were
effective in the visual measurement results.

Another result of the research was that male students visited the second question
more than female students. The difference was statistically significant. Cosguner
(2022) reported that female students’ average duration of visit for a verbal ques-
tion was less than male students. In the same study, it was found that male students’
total duration of visit was less for a numerical question. If limited time was spent
examining the images in the texts, there was sufficient information in the text, the
text was not containing ambiguity, or the image was not containing extra informa-
tion (Wu et al., 2021). The second question was a question that included a visual
and long explanation about the periodic table. Contrary to the relevant literature
(i.e.: Wu et al., 2021), the visual in this question made a significant contribution to
the understanding and solving of the problem. When the question solving videos
were watched, it was seen that the male students did not read the long paragraph
in the text, but only operated their decision-making processes by looking at the vis-
ual. However, it was observed that they read the question several times when they
realized that they could not solve the question without reading the paragraph. This
explained the reason for the many visits.

It was found that students with high scores in 2023 high schools entrance exam had
less number of fixations, total duration of fixation and average duration of visit for the
eighth question. Additionally, the total duration of fixation of high-scoring students for
the third and fifth questions was less. It was determined that students with higher scores
made shorter visits for the eighth question. Eight question was at the analyzing level of
the cognitive domain according to Bloom’s taxonomy and aims to measure inference
skills from causal scientific process skills. Third question was at the understanding level
of the cognitive domain according to Bloom’s taxonomy and aims to measure decide
skills from experimental scientific process skills. When the heat maps and eye splash
movements of the high-scoring student were examined, it was seen that the student with
a high score was undecided between two similar distractors, but the low-scoring student
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looked at all distractors. The results may be interpreted as that successful students in
2023 high school entrance exam perform better on questions that require using decide
skills from experimental scientific process skills and inference skills from causal scien-
tific process skills. It was reported that students with prior knowledge were integrated
text and graphic information, and students without prior knowledge had difficulty inte-
grating scientific diagrams with explanatory texts (Ho et al., 2014). Questions men-
tioned above involved figures and their solving required the use of causal and experi-
mental process skills. High score students solve many problems and gain practicality
while preparing for the exam. Jian (2021) reported that the participants who read the
article and performed the practice wrote the solution of the problem in a short time.
According to the theory of embodied cognition, practice can facilitate the task (Shapiro,
2011). Successful problem solvers have high-level cognitive strategies. They can recog-
nize and focus on relevant cues when solving problems. Unsuccessful problem solvers
have difficulty separating relevant factors from irrelevant, grasping purpose, and focus-
ing on relevant factor (Tsai et al., 2012).

No correlation was found between time to first fixation and duration of first fixation
and the practice test scores for all questions. However, negative significant relationships
were determined between all other visual measurement results and practice test scores.
According to this result, it may be said that students with high scores in the test focus
and visit less to solve the questions. Additionally, no relationship was found between the
practice test score and visual measurement results for the second and fifth questions. The
questions that had a relationship between at least one visual measurement (average dura-
tion of fixation) and the practice test score were the third, fourth and seventh questions.
For the sixth question, there was a negative relationship between at least two visual meas-
urements (average duration of fixation and total duration of fixation) and the practice test
score. A correlation was found between at least four visual measurements and practice test
scores for the first, eighth and ninth questions. All significant relationships between the
results of visual measurements and practice test scores are negative. These results were
consistent with Cogguner (2022)’s study results. Jian (2021) reported that participants
who read the easy article spent longer on the application (preparing the pulley system).
Researchers found that university students studying in upper grades had better perfor-
mance when making quick decisions in mental problem-solving processes (Lindner et al.,
2014; Rodemer et al., 2020). It was determined that these students frequently transitioned
between images related to reaction mechanisms (Rodemer et al., 2020). The results of the
current study revealed that students who had prior knowledge, prepared for the exam, and
solved different skill-based question types spent less time and cognitive effort when mak-
ing quick decisions in problem-solving processes.

No correlation was found between duration of first fixation and average dura-
tion of visit and perception levels for all questions. However, significant negative
relationships were found between the perception level and at least one visual meas-
urement results for all questions. It was determined that as the level of perception
towards solving high schools entrance exam questions increased, students’ the fixa-
tion and visit duration or number decreased. Another result of the study was that
negative significant relationships were found between average duration of fixation
and self-efficacy, one of the sub-dimensions of perception, for all questions. A
similar relationship existed between attitude and willingness sub-dimensions and
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average duration of fixation. However, this relationship was for some questions,
not for all questions. On the other hand, there were negative significant relation-
ships between average/total duration of visit and the sub-dimensions of perception.
However, these relationships were not at the level of average/total duration fixation.
Not every student may have access to the solution codes of skill-based science ques-
tions that require more time and cognitive effort. This situation negatively affects
students’ self-efficacy, attitude and willingness towards solving skill-based science
questions. Karabulut et al. (2022) reported that students were more willing and had
higher perceptions of success when solving acquisition-based questions, and their
perception of failure was higher when solving skill-based questions.

Finally, it was revealed that visual measurement results together did not have a
predictive effect on practice test scores. However, it was found to have a predictive
effect on perception and self-efficacy, one of perception sub-dimensions. Average
duration of fixation was a significant predictor of students’ perceptions towards solv-
ing skill-based science problems. Cosguner (2022) reported that time- and count-
oriented measures (average duration of fixation, time to first fixation and number
of fixation) were significant predictors of practice test scores. Kragten et al. (2015)
found that successful/less successful students who learned process diagrams differed
in various learning activities. Additionally, the results showed that understanding the
process arrows and the average duration of fixation on the core field was predictive
of students’ understanding levels.

5 Implications

This study revealed visual measurement results of students’ processes of solving
skill-based science questions. It was revealed with concrete evidence that the cogni-
tive loads of the questions, supporting the question with visuals, the targeted skill
levels, presence of unfamiliar vocabulary and complexity of options were effective
in the visual measurement results. Item analyses of skill-based questions are based
on classical test theory and item response theory. The difficulty and discrimination
levels of the questions and the functionality of the options are determined by these
analyses. It is suggested that visual measurement results may be taken into account
in addition to classical test theory and item response theory in the evaluation of test
items. It is thought that the results will make significant contributions to science
teachers and science educators.

The current research revealed eighth grade students’ processes of solving skill-
based science questions with visual measurements. Visual measurement results were
compared according to gender and 2023 high schools entrance exam. However, in
these comparisons, each question was considered as a whole. Future studies might
examine visual measurement results for parts of each question (options, question
root, explanatory text and images).

The current study found negative significant relationships between visual meas-
urement results and practice test scores and perception levels (for self-efficacy, atti-
tude and willingness). Solving skill-based science questions requires more time and
cognitive effort than acquisition comprehension questions. The results suggested

@ Springer



Education and Information Technologies

that students should be willing to solve these questions, have a positive attitude, and
have a high level of self-efficacy. It is expected from science teachers to increase the
level of student perception towards solving skill-based science questions.

Research results showed that visual measurements together did not have a predic-
tive effect on practice test scores, but had a predictive effect on perception and self-
efficacy, one of the sub-dimensions of perception. This hypothesis may be tested in
future studies with more participants.

The length and complexity of skill-based questions can reduce students’ interest
and motivation in the questions and therefore in the course. It is recommended to
design questions that are free of external cognitive load, taking into account the cog-
nitive load caused by the length and complexity of skill-based questions.

Appendix: Sample questions

Q1. Elements in the periodic table, some of which are given in the figure; They are
shown by scanning with different patterns according to their status as metal, non-
metal, semi-metal and noble gas.

bR =
W I PR KO8 O
Wtk 7)1 8 AR

Triple groups are formed with an element selected from the periodic table and
two neighboring elements in the same group and period as this element.

Accordingly, which of the following three groups does not meet this
condition?

A) | Semi-metal B) | nonmetal
metal Semi-metal metal metal
C) | Semi-metal | nonmetal D) noble gas
Semi-metal metal noble gas

(2020 high school entrance exam)
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QS. During a chemical reaction, new bonds are formed or existing bonds are bro-
ken between atoms or molecules.

Accordingly, which of the models below does not show the chemical reaction?
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oo
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(2018 high school entrance exam)

Q7. They want to conduct an experiment to observe the effect of acid rain on plants.

In this experiment, two mechanisms are prepared by selecting suitable plants and
materials as shown in the figure. The selected liquids are given to the plants from above
with a watering can, like rain, and the observation results are compared.

Accordingly, which of the following plants and materials were used in the
mechanisms?

A) L plant and same K plants, bleach, mixture consisting of equal amounts of H,SO,
and NaOH, glass jar

B) K plant, M plant, NaOH solution, pure water
C) Same K plants, H,SO, solution, pure water

D) L plant, M plant, equivalent amount of H,SO, solution, mixture consisting of pure
water and NaOH, thermometer, glass bell jar

(2018 high school entrance exam)
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