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Abstract 
Eye tracking is increasingly being used in Educational Science and so has the interest of the eye 
tracking community grown in this topic. In this study we used eye-tracking technology to investigate 
students’ visual behavior while working with computer simulations. Our goal was to investigate the 
differences between experienced and inexperienced users’ behavior. Four participants were 
examined, two senior undergraduate Physics students that were assigned into the experienced group 
and two 3rd grade of Greek middle-school students that were assigned into the inexperienced group. 
All participants were given two PhET Physics simulations accompanied by the corresponding 
worksheets. The cursor on the screen in the first one was controlled with the mouse movement, while 
in the second one with the iris movement. A GP3 eye tracker was used to record each participant’s 
eye movements. The results reveal that all users found the eye-control method way more interesting, 
even though both have faced difficulties to accurately control the simulation. Also, it seems that the 
experienced users tend to fixate directly on the resulting output right after they change the inputs from 
the control panels, while the inexperienced ones seem to gaze to the represented phenomenon, trying 
to realize the effect that change had. 
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1 INTRODUCTION 
Eye tracking is the process of measuring eye movements to determine where a person is looking, 
what he is looking at, for how long his gaze is in a particular spot, etc. This technique is mainly used 
for collecting data in the context of conducting empirical studies of human perception, cognition, and 
behavior. Over the years, several important advancements in the field of eye tracking have occurred in 
the span of just a few short years [1] and eye-tracking hardware has advanced to the point that the 
instruments are now mobile so that gaze data can be collected not only in research laboratories but 
also in the field. 

Eye tracking technologies have been experiencing an increasing interest in a broad range of 
researchers from different backgrounds. For example, this technique has been used to study expertise 
differences in the comprehension of visualizations [2]. Eye-tracking technology has also been used for 
several decades to measure student visual attention in reading and problem solving [3]. In recent 
years, it has been used in an increasing number of studies on student learning in science, for example 
Chien et al conducted an eye-tracking study on Learning differences and eye fixation patterns in 
virtual and physical science laboratories [4].  

Many researchers have proposed that computer simulations provide enormous potential for improving 
science learning [5]. More specifically, computer simulations offer a virtual environment in which 
students can conduct scientific inquiry, approach related scientific knowledge and acquire skills by 
manipulating input variables and observing the resulting states of outcome variables [6]. 

The purpose of this study is to investigate how learners with different levels of expertise work with 
computer simulations, by paying particular attention to users' eye fixation patterns while conducting 
experiments on simulation-based learning (SBL) environments. 

Our main research questions are: 

• What are the main differences between the visual behavior of experienced and inexperienced 
users on Physics computer simulations? 

• Which control method of the simulation do the participants find more interesting? 
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2 METHODOLOGY 

2.1 Participants and design 
Four participants were examined in this study and were grouped according to their experience in using 
computer simulations and their expertise in Physics. Two senior undergraduate physics students (28 
years old male and 24 years old female) were assigned into the experienced group and two 3rd grade 
of Greek middle-school students (both 14 years old males) were assigned into the inexperienced 
group. The inexperienced group participants received lectures on oscillations a month prior to the 
experiment. 

2.2 Materials and Apparatus 
Two typical PhET physics simulations (Pendulum Lab and Energy Skate Park: Basics) were used, 
accompanied by the corresponding worksheets. In both simulations, the user could set an object 
(pendulum/skater) in motion and observe some Physical quantities (energy, speed, period time, etc.) 
as it performs an oscillatory motion. By manipulating the control panels the user could change the 
object’s mass, the thread length and which quantities to be represented. 

In the Pendulum Lab case, the cursor on the computer screen was controlled with the mouse (mouse-
control), while in the Energy Skate Park case it was controlled by the iris movement (eye-control). 

Also, a GP3 eye tracker (60 Hz system) was used to track the participants’ visual attention while using 
the simulations and completing the worksheets. The data derived, such as the x-y coordinates of the 
fixation point of gaze as a percentage of the screen dimensions, the fixation duration, etc. were 
automatically stored in a Microsoft Office Excel worksheet, so that can be analyzed in the future. In 
addition, the computer screen was being monitored and a real-time video of the user’s actions and 
point of gaze fixation was created. 

2.3 Procedure 
The participants task was to work with both simulation and answer the questions on the corresponding 
worksheets. Each participant completed the two tasks on his own. Since we do not focus on the tasks’ 
learning outcome no pre/post-tests were given. The experiment procedure consists of four phases, as 
outlined in Fig. 1. First, the measurement and calibration of eye movement were explained and carried 
out. Then the first task’s simulation (Pendulum Lab) along with the corresponding worksheet were 
presented to the participants at the same time. The simulation was placed on the left half of the 
computer screen and the worksheet on the right. The participants were encouraged to begin but 
without any specific prompt where to start from. They could spend as much time and perform as many 
trials of the experiments as they wanted. No formal instructions were given during the experiments, 
except technical support whenever needed. After the first task completion, we informed each subject 
about the second simulation’s (Energy Skate Park) new feature (eye control) and the same process 
was followed. At the end of the second task, the participants were interviewed. 

 
Figure 1. The four phases of the experiment. 
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2.4 Worksheets 
All the participants were given the same two worksheets. Since both simulations represented the 
same phenomenon (oscillatory motion), the two worksheets were very similar to each other. In the 
beginning, there were instructions on how to set the simulation and the main body was composed of 
three questions, each one having two false answers and a correct one. To find the correct answer 
students had to interact with the simulations. Initially, the participants had to set the object in motion to 
a specific starting point and were asked to find the value of a motion-related variable (period/speed), in 
order to answer the first question. In the second question, they had to find out in which point of the 
objects’ orbit its Potential Energy becomes minimum/maximum. Lastly, they had to change some initial 
conditions (objects’ mass/skater starting height), observe the resulting outcome and answer the last 
question. 

2.5 Data Analysis 
Based on the videos that were created, showing the computer screen and user’s points of gaze in real 
time, we calculated for both cases (mouse-control/eye-control) the time each participant spent on the 
“familiarization” and “working with simulation” phases. For a more detailed analysis, we further split the 
“working with simulation” phase into three parts (Q1, Q2, Q3), each one dedicated for a worksheet’s 
question and record the time each participant spent on each, for both cases. 

Based on the simulations and worksheets layout, Areas of Interest (AOI) were created for eye 
movement analysis as shown in Figure 2. On the worksheet three main AOI were created, one for the 
instructions, one for each question (Prompt 1,2,3) and one for each answer (Answer 1,2,3). On the 
simulation space, three areas of interest were also created. The first one for the control panel 
(Controls), the second one for the represented phenomenon (Phenomenon) and the last one for the 
represented Physical quantities (Representations) such as energy, speed, periodic time, etc. 

Furthermore, we graphed the participant’s point of gaze fixations on the five areas of interest with 
respect to time, for each question, in order to study which area of interest was visited first, the 
transitions that were made between them, in which one the participants spend more time on, 
differences and similarities between the two groups, etc. 

Lastly, we transcribed the participant’s interviews to see how each one answered in some critical 
questions, such as “Which control method did you find more interesting and would prefer to use, the 
mouse-control or the eye-control?”. 

 
Figure 2. Energy Skate Park Areas of Interest.  
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3 RESULTS 

3.1 Mouse-control vs. Eye-control for experienced / inexperienced users. 
Τhe recorded time each participant spent on the “familiarization” and “working with the simulation” 
phases were compared between the two cases (mouse-control/eye-control), in order to find trends, 
similarities or differences, etc. between the users’ behaviour. 

When students are introduced in a simulation, it seems that they first try to frame the conceptual 
domain and run the simulation in an attempt to explore its affordances and functionality. Similar 
findings were reported by Michaloudis et al, who tracing students’ clicks, have found that when 
students are facing a simulation, they try to explore it in order to understand it, before focusing on the 
problem itself [7].  

Figure 3 shows the amount of time spent by experienced/inexperienced users on the “familiarization” 
and “working with simulation” phases, for the mouse-control case. Clearly, the time spent on “working 
with simulation” is significantly larger than that spent on the “familiarization” phase. Though the latter is 
expected to differ from student to student, depending on the points of interest and type of exploration. 
In our research we do not observe any particular trend between experienced and inexperienced users; 
they both have spent almost the same amount of time on the familiarization phase (37s on average for 
the experienced /40s for inexperienced). However, this result is limited by the small number of our 
observations and should be verified by further research. On the other hand, the amount of time 
students devoted for “working with the simulation” phase clearly depends on their experience: 
experienced students have spent significantly less time (133s on average) as compared to 
inexperienced ones (250s on average). 

 
Figure 3. Time spent on familiarization and working with the simulation phases in Pendulum Lab. 

Figure 4 depicts the amount of time spent by experienced/inexperienced users on the “familiarization” 
and “working with simulation” phases for the eye-control case. Opposite to the mouse-control case, 
eye-control of the simulation is novel to the students, and therefore, the total time devoted to the 
“familiarization” phase was drastically increased (Total average 157s on eye-control case /38s on 
mouse control case). Again, all the participants spent almost the same amount of time on the 
“familiarization” phase (130s the inexperienced – 185s the experienced). Ιn “working with simulation” 
phase the participants all spent about the same time also (151s on average), slightly lower than the 
previous case (191s on average). This was expected as the two tasks were very similar to each other 
and the eye-control was carried out second. In this case, the average times for “familiarization” and 
“working with simulation” phases are similar (155s on average). Furthermore, no clear trend was 
observed for experienced vs. inexperienced users as both types of users have devoted a similar 
amount of time for the “familiarization” and the “working with simulation” phase. 
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Figure 4. Time spent on familiarization and working with simulation phases in Energy Skate Park. 

3.2 Analysis of the tasks (questions) for mouse-control vs. eye-control. 
We further split the “working with simulation” phase into three parts (Q1, Q2, Q3), each one for a 
worksheet question. Then again, we recorded and compared the amount of time the participants spent 
on each worksheet’s question for both control methods. 

Figure 5 depicts the amount of time spent by experienced/inexperienced users on each question in 
“working with simulation” phase, for the mouse-control case. Inexperienced users seem to spend more 
and more time on each question, as they go on completing the worksheet, with the last question taking 
more time than the other two combined. On the other hand, experienced users spent almost the same 
amount of time on all three questions with the second one being the most time-consuming. As we can 
see in the first two questions, both experienced and inexperienced users devoted almost the same 
amount of time (19s on average for experienced /24s for inexperienced in Q1, 71s on average for 
experienced /74s for inexperienced in Q2). Although there is a significant difference in the time 
devoted by the two groups on the third question (42s on average for experienced /152s for 
inexperienced). Experienced users seemed to already know where to look for the result that their 
changes have on the phenomenon and the represented quantities, while the inexperienced needed 
much more time to realize. 

 
Figure 5. Time spent for each question of the 3rd phase in the Pendulum Lab simulation. 
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Figure 6. Time spent for each question of the 3rd phase in the Energy Skate Park simulation. 

Figure 6 depicts the amount of time spent by experienced/inexperienced users on each question in 
“working with simulation” phase for the eye-control case. In this case, both groups spent more time on 
the first question (51s on average) compared to the mouse-control case (22s on average), most likely 
because the users were still trying to get comfortable with the control method. As they go on, both 
groups spent significantly less time on the second question (19s on the eye-control case / 72s on the 
mouse-control case). The inexperienced users also spent less time on the third question too (78s on 
eye-control / 152s on mouse-control), probably due to cognitive processes that took place in the 
previous case. What we notice in this case is that the amount of time spent on each question is similar 
between the two groups and therefore a pattern is created on how they spent their time on each 
question, with the second one being the quickest and the last one the most time-consuming. Again, 
this result is limited by the number of observations and need further research. 

3.3 Gaze transitions between Areas of Interest (AOI) 
With the GP3 eye tracker’s help, we were tracking the x-y coordinates of the participant’s point of gaze 
fixation as a percentage of the screen dimensions during the experiment. Since only a few areas on 
the worksheet and simulation contained useful information, we created the following five areas of 
interest:  

Prompt: The worksheet areas that contained the questions. 

Answer: The worksheet areas that contained the answers to the questions. 

Controls: The control panel on the simulation space. 

Phenomenon: The area that represented the object’s oscillation. 

Representations: The areas representing the Physics quantities (Energy, speed, period). 

Then during each question of the “working with simulation” phase and for both cases, we graphed 
which areas of interest users were gazing at, in order to visualize their behavior and compare between 
the two groups. 

In the first question, after setting the object in motion, the users were asked to find a motion-related 
variable (period/speed). To find the correct answer they had to look at the phenomenon and the areas 
representing the relevant quantities and finally give their answer. Therefore, an expected gaze 
transition sequence between the areas of interest would be Prompt-Phenomenon-Representation-
Answer. 

Figure 7 depicts the areas of interest the inexperienced user 2 and experienced user 1 visited during 
the first question of the Pendulum Lab worksheet. 
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Figure 7. Areas of Interest visited in the 1st question of the Pendulum Lab worksheet  

(Inexperienced 2 – Experienced 1). 

We already knew that the amount of time both users needed to complete the first question was almost 
the same (experienced: 22s / Inexperienced: 27s), but there were also similarities found in the way 
they get to the right answer. First, they both spend a few seconds reading the question (Prompt) then, 
for the most part, they are looking at the object’s motion (Phenomenon) and the represented Physical 
quantities (Representation) and finally they focus on the Answer’s area. As we see the expected 
transition sequences between the areas of interest was followed by both users. The only difference 
between their behavior is that the experienced user made more regressions between the 
Phenomenon and the Representation areas compared to the inexperienced. 

In the second question the users had to find out in which point of the object’s orbit its Potential energy 
becomes minimum/maximum. To do so the users had to do constant regressions between the 
phenomenon and the represented quantities area, before giving their answer. Therefore, the expected 
transition sequence is again Prompt-Phenomenon-Representation-Answer. Similarities can be seen in 
this question too, firstly on the time both groups spent on it (experienced: 71s / inexperienced:74s) and 
secondly on the transitions made between the areas of interest. Again, both participants began with 
reading the question (Prompt), then checked the control panel (Controls) and for the most part were 
gazing and making regressions between the Phenomenon and Representation areas, before 
answering the question. 

 
Figure 8. Areas of Interest visited in the 2nd question of the Pendulum Lab worksheet  

(Inexperienced 2 – Experienced 1). 

Finally, in the third question the users had to make changes on the initial conditions (Pendulum’s 
mass) and figure out how these changes affect the object’s Energy. To do so the users after reading 
the question should visit the control panel and while making changes on the object’s mass, constantly 
regress between the Controls, Phenomenon and Representation areas to see the resulting outcome. 
In this question we see for the first time some major differences between the visual behavior of the two 
group’s participants. We already had a clue from the amount of time each one spent, with the 
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inexperienced user spending significantly more time (experienced: 40s / inexperienced: 120s), but we 
also see some interesting differences on how their visual attention transits between the areas of 
interest. After reading the question, the inexperienced user spent a lot of time gazing at the answer’s 
and represented quantities areas trying to understand. After re-reading the question he focused on the 
controls area and started making changes on the object’s mass while checking its motion 
(phenomenon), but without looking at the represented quantities area (Representations) at all. He did 
not seem to notice the effect his changes had on the object’s energy. Rather he was expecting 
changes on the phenomenon, leading him to choose the wrong answer that his changes had no effect. 
On the other hand, the experienced user after reading the question immediately starts making 
changes and regressing his gaze between the Controls, Phenomenon and Representations areas of 
interest. Consequently, he noticed that by changing the object’s mass its energy also changes but 
without any effect on the object’s motion (Phenomenon). 

 
Figure 9. Areas of Interest visited in the 3rd question of the Pendulum Lab worksheet  

(Inexperienced 2 – Experienced 1). 

3.4 Interviews 
After the participants completed the two tasks, they were interviewed in order to express their thoughts 
on the simulations, the different control methods (eye/mouse control), the difficulties they faced while 
conducting the experiment, etc. 

The most interesting part of the interviews is when the participants were asked about the control 
method they would prefer to use. As we saw previously, the amount of time needed for the eye control 
case was larger, so we expected that they would consider it more difficult and therefore prefer the 
mouse control. Although, the interviews prove quite the opposite. As shown below all the participants 
preferred the eye-control method, despite its difficulty. 

Int.: Which control method did you find more interesting and would prefer to use the mouse-control or 
the eye-control? 

Inexp. 1: The one with the eyes was better but more difficult, while I was looking at the speed the 
mouse wouldn’t go there. 

Inexp. 2: The second one (eye-control), I liked the fact that it was challenging.  

Exp. 1: The eye-control for sure. You needed more time to complete the tasks, but it was more fun. 

Exp. 2: Definitely the eye control was more interesting.  

4 CONCLUSIONS 
In undertaking this study, we explored students' visual behavior while working with Physics computer 
simulations, by using eye tracking techniques. Our main goal was to find similarities or differences 
between experienced and inexperienced users of the simulations. We were mainly focused on how 
much time the participants spent on the experiment’s phases and how their attention transit between 
the simulations' and the worksheets' areas of interest. Furthermore, we provided the participants with 
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two methods of controlling the simulation (mouse/eye control) and sought to find if any of them was 
more difficult or appealing to them. 

The study results indicate that both experienced and inexperienced users spend almost the same 
amount of time on familiarizing with the simulation. The time spent for working with the simulation 
though depends on the users’ expertise. The most significant difference between experienced and 
inexperienced users’ behavior on working with the simulation, emerges when they are asked to predict 
the resulting outcome that a change in the initial condition is going to have on the phenomenon and 
the represented Physical quantities and then conduct an experiment to confirm it. Experienced 
participants tend to fixate directly on the resulting output right after they change the inputs from the 
control panels, while the inexperienced ones seem to gaze to the phenomenon represented in the 
simulation, trying to realize the effect that change had. 

Finally, the fact that participants were unfamiliar with the eye control method, combined with its limited 
accuracy made the task completion very difficult and time-consuming. Although, all the participants 
seem to prefer it when compared to the traditional mouse-control. This points out that finding 
innovative ways to engage students in educational activities can make the whole process more 
appealing. 

We hope the results of this study will contribute to the understanding of learning laboratories and 
therefore help science educators develop laboratory curricula and integrate virtual laboratories and 
simulations. 
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