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Abstract 

 

Over the past few years, researchers are showing interest to study the level of cognition with 

the modern eye tracking technologies which can accurately measure gaze movements. Rise 

of the eye tracking technology encouraged researchers to use cognitive load as another 

measurement in the field of Human-Computer Interaction as well.  

In this thesis, we use an eye tracking technology as a tool to assess the influence of the display 

size on the cognitive load in visual search tasks. We designed and conducted an empirical 

study with 35 participants to investigate if the display size has any effect on the level of 

cognition. First, we analysed how gaze measurements were affected while changing the level 

of cognition in two different sized displays. Later, we investigated if the display size had any 

influence on the gaze measurements. Using this knowledge, we discussed how the display 

size influenced the level of cognition in visual search tasks.  

During the experiment, we collected not only the gaze measurement, but also the level of 

performance and users’ subjective thoughts about their mental effort.  

Our objective and subjective analysis shows that display size has an influence on the 

cognitive state and there is a tendency for the large display leading to a higher cognitive load 

in visual search tasks. 
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1. Introduction 

 

In addition to the usability measurements such as effectiveness, efficiency and satisfaction, 

the cognitive load became another measurement to assess human task performance [1].  

Electroencephalography (EEG) and magnetoencephalography (MEG) are traditional 

methods to measure cognitive state of the human. However, one needs to have guidance from 

neuroscientist to use these methods. The eye-tracking technology, on the other hand, allows 

the researchers not only from neuroscience but from different areas to assess the cognitive 

state of the human.   

Choosing the right display size to create efficient visual interface to support users’ cognitive 

ability is an important issue in HCI. Thanks to the modern technology, we can also assess the 

level of cognition in frame of HCI and design cognitively less demanding interfaces. 

Based on aforementioned, we come up with an idea to analyse the influence of the display 

size on the cognitive load and defined following research question: 

How does the Display Size Influence Cognitive Load in Visual Search Tasks? 

Many researchers investigated the influence of the display size on the users’ performance 

and their cognitive state for different tasks. However, there is no research conducted to 

investigate the influence of the display size on the cognitive load using eye-tracking 

technology.  

The lack of research on this direction motivated us to design a study, conduct an experiment 

and analyse the influence of the display size on the cognitive load in visual search tasks using 

eye-tracking technology. 
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1.1 Thesis outline 
 

In Chapter 2, we present the theoretical background related to our thesis. First, we will define 

and discuss the cognitive load and its measurement methods. In the next section, we will 

introduce eye tracking technology and its different measurements. 

In chapter 3, we present related works conducted to assess the cognitive load with eye 

tracking technology and the influence of the display size in HCI. 

In chapter 4, we define the research question and research sub-questions which will help us 

to answer our main research question. 

In chapter 5, we describe the pilot study conducted before the large-scale experiment. We 

mentioned the shortcomings of our initial study design and this will help us to improve our 

experimental design.  

Chapter 6 covers the large-scale experimental design. We will present the task description 

and implementation, apparatus which are used during the experiment, participants and the 

whole procedure to conduct the experiment. 

Chapter 7 provides detailed information about the data analysis. We will describe the 

collected data and applicability of the different methods to analyze our data.  

In chapter 8, we present the results of the analysis for each independent variable separately.  

Chapter 9 covers the discussion of the results presented in Chapter 8. We will discuss the 

applicability of different gaze event to assess the level of cognition in different displays and 

the influence of the display size on the cognitive load.  

In Chapter 10, we present the conclusion of the research and new ideas for the future 

investigations.  
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2. Theoretical background 

 

In this thesis, we measure the influence of the display size on the cognitive load during the 

visual search and make use of eye-tracking technology to conduct our research. The cognitive 

load and eye-tracking are the main terms which will be used throughout the thesis. Therefore, 

in this chapter, we will briefly introduce these terms.  

In the first section, we will define the cognitive load, its types and the methods to assess it. 

In the second section, we will discuss the different eye-tracking technologies, gaze 

movements and the gaze events which are relevant to our research.  

 

2.1  Cognitive load 
 

Cognitive load is the amount of the mental effort used in the working memory [2]. Working 

memory is the cognitive system and its main mission is to hold information for processing 

[3]. Baddeley et. al [4] proposed the model of the working memory. Their theory claims that 

the working memory has three components: the central executive, the phonological loop, and 

the visuospatial sketchpad.  

The phonological loop stores the phonological information such as the sound of the spoken 

language. If one calls the phone number with a high number of digits out several times, then 

the phonological loop stores this information [5]. On the other hand, visuospatial sketchpad 

stores the visual information. The central execute coordinates these two components and it 

is responsible for directing the attention of each component to the relevant information.  

Cognitive load is sometimes called a mental effort or a task load to describe the mental state 

during problem-solving [6].  

The capacity of the working memory is limited, accordingly the ability to process the 

information is restricted [7]. Therefore, in HCI it is important to provide the information in 

such a way that users’ task performance is improved. 
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Measuring cognitive load is an important issue of the cognitive theory. 

Electroencephalography (EEG) and magnetoencephalography (MEG) are traditional 

methods to measure the cognitive load. [6]. These methods are used to measure the brain 

activity. Very sensitive electrodes or magnetometers are placed on the human scalp and these 

receivers can detect electrical or magnetic fields produced by the neurons of the brain [8][9]. 

However, these methods are expensive and need a professional assistance.  

Furthermore, the cognitive load can be measured by methods such as blood pressure, heart 

rate, facial expressions and gaze movements [10]. In our research, we use the gaze 

movements and pupillary responses to measure the cognitive load.  

 

2.2 Eye tracking 
 

Eye tracking describes the process of capturing the eye activity. An eye tracker is a device 

which is measuring the position of eye movements and records different gaze events. Most 

modern eye trackers use infrared technology to reflect the light on the cornea which is called 

pupil center corneal reflection (PCCR) [11](see Figure 1). Additionally, this kind of eye 

trackers uses high-resolution cameras to track the eye movements [12].  

 

 

Figure 1. The reflection of the infrared light on the cornea [13].  

There are two types of eye trackers: screen based-eye trackers (sometimes are called remote 

eye tracker) and mobile eye trackers.  Screen-based eye trackers are usually suited in front 
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of the monitor and record the eye movements within certain limits [12] and during the eye 

tracking process, the user cannot freely move around. Mobile eye trackers, on the other hand, 

gives an advantage of moving around. These kind of eye trackers are useful if the experiment 

has to be conducted in the natural environment.  

For our experiment, we used an eye-tracking glasses which belong to the mobile eye tracker 

category.  

Gaze events can be categorized into two groups: voluntary and involuntary eye movements. 

In the following, we will describe the eye movements which are related to our research [14].  

Fixation is a voluntary eye movement which is the collection of 20 to 50 gaze points based 

on specified area and timespan. These gaze points are recorded between 200 and 300-

millisecond timespan. During the fixation event eyes remain still. Common metrics for 

fixations are the number of fixations, the duration of the fixation and the position of fixation 

as x-and y- coordinates in pixel. As we will discuss in the next chapter, there is a relation 

between the gaze event fixation and cognitive load.  

Saccade is a voluntary eye movement from one fixation to another. It lasts 30 to 80 

milliseconds which is the fastest movement the human body can perform. Common metrics 

for saccade are the distance which it travels, duration and the number of saccades per second.  

Blink is the rapid closing of the eyelid and it is an involuntary eye movement. Human has 

partial control over this gaze event and sometimes blinking are described as a voluntary eye 

movement. Blinking is important to keep the eyes moisten and protect them.  

Pupil dilation is a type of the pupillary response and it is involuntary eye movement. Pupil 

dilation can have several causes such as response to the light, sexual stimulation, or interest 

to the subject [15]. The task-invoked pupillary response is the type of the pupillary response 

caused by a cognitive load [16]. Pupil dilation is the most widely studied eye movement 

which has a direct relation to the cognitive load.  
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3. Related work 

 

In this chapter, we will review related works which are relevant to our research. We will 

discuss previous works which are related to the measuring cognitive load with eye-tracking 

technology and the display size in HCI and its effects.  

 

3.1  Eye tracking and cognitive load 
 

The task-invoked pupillary response was and still is the most reliable and most studied eye 

movement which has a direct relation to the cognitive load [17]. However, modern eye 

tracking technologies enable to study the relation between the cognitive load and different 

gaze events such as fixation, saccade, and blinks. During the last years, there have been many 

researches which investigate the relation between eye tracking and cognitive state. In this 

section, we will review the most relevant researchers done on this topic.  

Peysakhovich et. al [18] investigated the relation between the pupil diameter and the 

cognitive load. During the experiment, authors used simple piloting task with an auditory-

visual interference paradigm. The participants were controlling an imaginary aircraft with 

the joystick. The working memory was manipulated by increasing the complexity of the task. 

Authors concluded that the task difficulty has significant effect on pupil diameter: the higher 

cognitive load leads to a larger diameter. Their results show that there is a significant relation 

between the cognitive state and pupil dilation. 

Nourbakhsh et. al [19] used the blink rate and galvanic skin response (GSR) to measure 

cognitive load in real time. During the experiment, they used arithmetic task with 4 difficulty 

level. Authors showed that using GSR and eye tracking technology together the accuracy of 

the assessment of cognitive load can be improved. Additionally, they showed that the number 

of blinks has relation with the task difficulty: higher cognitive load leads to a decrement of 

the number of blinks.  

Chen et. al [20] used eye-tracking technology to assess the mental effort in HCI. They 

conducted the experiment with basketball players who had to play games on the tablet. 
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During the experiment, eye activities such as blinks, pupil dilation, saccade, and fixation 

were recorded with the help of head mounted (mobile eye tracker) eye tracker. Authors found 

significant relation between the cognitive state and eye movements. They concluded that 

increasing number of fixations indicate more attention and decreasing number of blinks 

indicate higher cognitive load.  

One of the most recent research on this topic conducted by Barreras [10]. The author used 

eye-tracking technology to assess the cognitive load in visual search. During the experiment, 

mobile eye tracking was used to measure eye movements such as fixation, saccade, blinks 

and pupil dilation. The author investigated the influence of the cognitive load to each gaze 

measurements and discussed how each gaze measurement can help to measure cognitive 

load. The results of this work show that number of fixations and saccades are increasing 

while increasing the cognitive load and the higher diameter of the pupils indicates higher 

cognitive state.  

 

3.2 Display size in HCI 
 

Larger displays become more affordable and gain more interest because of its capability 

holding more information. However, choosing the right display size to increase users’ 

performance has been the research topic in HCI.  

Karam [21] investigated the effects of the mobile device display size and the text orientation 

on the learning, cognitive load, and user perception. For the experiment, laptops and mobile 

devices were used to investigate the influence of the display size in a chemistry course. 

Authors concluded that learning outcome and cognitive load were unaffected by changing 

the display size.  

Lischke et. al [22] used six different sized displays to measure the influence of the size on 

the users’ performance. Authors used the visual search task to investigate how the task 

completion time depends on the large display size. Nasa TLX questionnaire was also used as 

a measurement. Authors concluded that larger displays do not always support users’ 

performance. 
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Jain [23] investigated the influence of the display size on spatial memory. For the experiment, 

two different displays with different sizes (10 inches and 55 inches) and four different tasks 

which are related to the spatial memory were used. The author concluded that participants 

performed faster on the small display, however, on the large display the accuracy was 

significantly higher.  

 

3.3 Summary 
 

Through the literature research, we gained a deeper understanding of the relation between 

cognitive load and eye movements. Furthermore, we have learned that how the level of 

cognition effects the gaze measurements.  

In the second part of the literature search, we have learned that choosing the right display 

size is one of the important topics in HCI and researchers aim to improve the interaction 

between the users and the systems by improving output modalities. Additionally, we saw that 

the size of the display has an effect on the users’ performance depending on the task. 

We will use the knowledge gained through the literature search for our researcher to 

understand the impact of the display size on the cognitive load using eye-tracking technology.   
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4. Research question 

 

There are few researches conducted to investigate the influence of the display in HCI. 

Throughout the literature review, we saw that most works are done using traditional usability 

metrics such as effectiveness, efficiency and satisfaction. This was our first motivation to use 

cognitive load as a metric to assess the influence of the display size.  

Additionally, new methods to measure cognitive load with the eye-tracking technology, 

especially the research done by Barreras [10] motivated us to investigate the influence of the 

display size on the cognitive load  using eye-tracking technology.  

Using the knowledge from the related work, we come up with the following research 

question:  

 

 How does the Display Size Influence Cognitive Load in Visual Search Tasks? 

To answer our research question, we use an eye-tracking technology. We collect 

different gaze measurements, such as fixation, saccade, blink and pupil dilation. These 

measurements are collected for two different display sizes. For simplicity, we will 

name those displays Large and Small displays. Additionally, we use the user’ 

performance which is the number of correct answers and NASA TLX questionnaire 

as a measurement. NASA TLX questionnaire is used to investigate the influence of 

the display size more in a subjective way.  

In order to answer to our main research question, we will answer the following 

research sub-questions: 

  
1. How do changes in Cognitive Load influence fixations in Large and Small displays?  

2. How do changes in Cognitive Load influence saccades in Large and Small displays?  

3. How do changes in Cognitive Load influence blinks in Large and Small displays?  

4. How do changes in Cognitive Load influence pupil dilation in Large and Small displays?  
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5. How do the number of correct answers and results of NASA TLX questionnaire 

correlate with the results gained with the help of eye-tracking technology?  
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5. Pilot study 

 

In this section, we will summarize the pilot study which is conducted before the main 

experiment. Haralambes et.al [24] mention that before conducting the large-scale quantitative 

study, many researchers conduct a pilot study to avoid time and money being wasted because 

of poorly designed study.  

A “pilot study” is a small-scale preliminary study conducted before the main research in 

order to check the feasibility or to improve the design of the research [25]. 

We also conducted a pilot study to test the lab settings, selected task, and other necessary 

procedures for our design.  The pilot study included all steps of the experimental design and 

in this chapter, we will report the first experience and improvements which had to be done 

to conduct the real large-scale experiment effectively.  

 

5.1  Task 

 

Task selection was a critical issue for our experiment. We had to choose the visual search 

task in such way that with its help we could increase participants’ cognitive load.  In visual 

search tasks, participant looks for a target item among other items. We call those items 

distractors. Our task selection based on the previous work done by Barreras [10]. We will 

explain the description and implementation of the task, as well as the reason behind choosing 

this task in section 6.1 in detail. In this section we will cover the main aspects of the task.  

On the initial task, participants had to find the blue circle among distractors. Distractors can 

be triangle and squares in any colour, and circles in any colour except blue. Figure 2 shows 

the target element, which is the blue circle in our task and all possible distractors. The task 

has 10 runs, and each run contains 3 laps. After each lap, all elements are randomly located. 

The number of distractors increases linearly after each run by 10 %. This makes the task 

more difficult to solve after each run. However, all 3 laps within one run have the same 

difficulty level. Which means all laps within each run has the same number of distractors. 
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The reason for having 3 laps for a run is to collect more representative data for each level of 

difficulty. 

 

Figure 2. Target element – blue circle and all possible distractors. Figure is taken from [10] 

 

Duration of the lap is 12 seconds, and there is a pause between each lap for 2 seconds. 

Duration of the whole task is 420 seconds, calculated as follows: 

(𝐿𝑎𝑝𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 + 𝑃𝑎𝑢𝑠𝑒𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛) · 𝑁°𝐿𝑎𝑝𝑠 · 𝑁°𝑅𝑢𝑛𝑠 

As an independent variable, we chose the display size. We used 2 different sized displays. 

We will call these displays Large and Small displays. Display size is the condition in our 

experiment.  Each participant performed the task on both displays.  

Gaze events such as fixation, saccade, blink and pupil dilation are chosen as dependent 

variables. We collected these measurements using Eye-Tracker technology. With the help of 

dependent and independent variables, we can collect meaningful data and conduct the 

analysis.  

 

5.2  Setting 
 

We conducted the experiment in a controlled lab environment. As a large display, we used 

Microsoft Perceptive Pixel 55", as a small display we used Iiyama ProLite 23". It is important 

to keep the resolution of both screens the same, to avoid any possible influence of the 

different screen resolution on the cognitive load. Both displays have the same 1920x1080p 

resolution.  

As an eye-tracker, we used SMI Eye-Tracking Glasses 2. To record the gaze events, we used 

Lenovo Yoga Tablet 2.  
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Participants performed the task while sitting on the chair. A desk placed in front of the 

participant and to interact with displays a mouse placed on the desk. The position of both 

displays, desk, and chair have been kept in the exact same position during the study to provide 

the same environment for all participants.  

Another critical issue was to keep the luminance of the room stable. Pupil dilation is a 

dependent variable in our experiment. We want to study changes in the pupil dilation caused 

by changes in the cognitive load. However, there are several reasons for the pupillary 

response, and the light is one of them [15]. For this reason, we had to keep luminance stable. 

Daylight intensity is changing depending on the daytime and the season. In this regard, we 

kept the blinds of the room tightly closed and ensured that no daylight enters from the 

windows, and switched the lights of the lab on.  

 

5.3  Participants 
 

For the pilot study, we recruited 4 participants, 2 females and 2 males. They all were master 

students (3 participants from Computer Science, 1 participant from Political Sciences 

department) of the University of Konstanz. The average age of the participants was 25.25 

years (min. 23 years, max. 30 years, STD=3.202). None of them had experience with eye 

tracking before. As they reported in Demographic Questionnaire, none of them had a vision 

problem (they were not wearing eye-glasses and they had no colour-blindness). However, 

one participant had an obvious vision problem, as he was squeezing his eyes to see the screen 

better. Squeezing eyes causes low tracking ratio since eye-tracker cannot detect pupils. 

Because of very low tracking ratio, we could not analyse the data from this participant.  

 

5.4  Procedure 
 

Our experiment contains several steps and sequence of these steps are important. It was useful 

for us to create a script and follow it for each participant to make sure, that we do not miss 

any step.  The procedure of the experiment contains following steps: 
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1. Participant is welcomed, and declaration of consent introduced to the participant to 

read and sign.  

2. Demographic questionnaire filled in by participant.  

3. Eye-tracker introduced to participant and study adviser made sure that participant is 

comfortable with wearing it.  

4. Eye-tracker calibrated, and participant started to perform the task on the first display.  

5. Participant finished the task on the first display and filled in NASA TLX 

questionnaire.  

6. Participant performed the task on the second display and filled NASA TLX 

questionnaire.  

7. Participant took the eye-tracking glasses off and filled in post-questionnaire.  

 

In the pilot study participant did not receive compensation for their help.  

Detailed description of the procedure as well as the documents used during the experiment 

will be explained in the following chapter. 

 

5.5  Lessons learned 
 

As we mentioned earlier the idea behind conducting a pilot study is to detect shortcomings 

of the research design and improve them for the large-scale experiment to avoid waste of 

effort, time and money. We also faced many difficulties and pilot study helped us to improve 

our design for better results. In this section, we will discuss these shortcomings.  

 

Selection of the chair 
 

The first problem in our design was the selection of the chair, where the participant is sitting 

while performing the task. We placed displays in determined places and adjusted the height 

of displays according to the average height of participants and we could not change the height 

of the displays for individual participants. We also wanted to ensure that all participants view 



15 
 

the display from the same visual angle, however, this was difficult to maintain because of the 

significant differences in the participants’ height (We will discuss experimental set up in 

chapter 6.3 in details). Therefore, for the large-scale experiment, we decided to use height 

adjustable chair.  

 

Explanation of the task 
 

The second problem was the explanation of the task. The task includes some necessary steps, 

which participants should enact. These steps are essential later in our analysis. Therefore, we 

had to make sure that all participants perform the task in a correct way. When participants 

enter the lab, we introduced them the Welcome letter and explained the proper ways to 

perform the task in a written form. Later, these rules explained to the participants verbally as 

well and asked if they have any questions regarding the task. Even if participants notified 

that all rules are clear, and they are ready to perform the task, we could observe that the task 

is not totally clear to them. In some cases, it was clear from participants’ facial expressions 

that they do not know what to do now: if the run is finished and they can already start the 

next run, or they should wait until the next run starts even though they found the right answer. 

Additionally, we could inspect the participants’ gaze movements while they perform the task 

and we could observe that in some cases, their gazes are not fixated on the right area, although 

we explained it before starting the task. For this reason, we decided to explain the task 

practically as well, viz. to perform few runs of the task until participants understand every 

detail.  

 

Calibration process 
 

The third challenge in our design was the calibration process of eye-tracker. This process is 

important for the data collection. This process is usually done only one time for each 

participant. However, this may not be enough for eye-tracker to detect pupils. In some cases, 

eye-tracker needs more time to detect pupils properly or study adviser must calibrate the 

device more than once. The long calibration process is highly dependent on the physiognomy 
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of eyes. This process is time-consuming and sometimes can be frustrating for the participant, 

however, poorly calibrated eye-tracker causes offsets during the recording.  

 

Duration of the task 
 

The last challenge we faced in our initial study was the duration of the task. In the pilot study 

duration of each lap was 12 seconds. In earlier runs, where the difficulty of the task is not 

high, 12 seconds was fairly enough to find the right answer. However, starting from the 4th 

run most participants had difficulties to find the right answer on time and they were 

complaining about very limited time. For this reason, we decided to increase the duration of 

the lap from 12 to 15 seconds, and reduce the additional stress caused by limited time. 

Likewise, we increased the duration of the pause between laps from 2 to 3 seconds. In some 

cases, 2 seconds was not enough for participants to notice that the task is over, they should 

stop looking for the element and wait until the next lap starts.  

The pilot study was helpful for us to consider aforementioned issues and improve them. 

These challenges helped us to redesign our study and conduct the large-scale experiment 

effectively.  
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6. Experimental Design 
 

In this chapter, we will discuss the large-scale experiment in detail. Based on the pilot study, 

we redesigned our study and took relevant actions to improve shortcomings for better data 

collection process.  

This chapter covers detailed description of the task, apparatus which had been used, 

participant recruitment and whole procedure to conduct the study.  

 

6.1  Task description and implementation 
 

Visual search tasks usually involve active scanning of the stimuli 1 to find the target element 

among other elements (distractors) [26]. Visual search tasks are part of our everyday life. We 

are often looking for relevant items: book in the library, food in the grocery store etc. 

However, there are special search tasks which are designed to conduct experiments. These 

tasks are mainly divided into two categories: feature search task (disjunction) and 

conjunction search task. In feature search tasks, distractors differ from the target element 

only by one feature, such as colour, shape, size, orientation. However, in conjunction search 

tasks, distractors differ from target element by more than one feature [27]. Figure 3 illustrates 

examples for both search categories. 

 

                                                           
1 A stimulus is any visual content, which participant is looking at during the eye-tracking experiment.    
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Figure 3. In feature search task, distractors are circles only and they differ from the target by color. In 

conjunction task distractors are circles in different colours and shapes in color blue, they differ from the 

target by color and shape respectively.  

 

Selection of the task to use in our experiment is based on the previous study conducted by  

Barreras [28]. She proposed a new way to measure cognitive load in the visual search task. 

In her study, she used eye-tracking technology to measure gaze events. As a visual search 

task, she used 3 different tasks: 

• Condition colour: distractors differ from the target by their colour (feature search 

task) 

• Condition shape: distractors differ from the target by their shape (feature search task) 

• Condition colour & shape: distractors differ from the target by their shape and colour 

(conjunction search task) 

After analysing collected data, Barreras showed that 3rd condition (colour&shape) is more 

suitable to measure cognitive load with eye-tracking technology, as the gaze events were 

changing significantly while increasing difficulty of the task, which leads to an increment on 

the cognitive load. In this regard, we decided to use the search task where the participant is 

looking for a blue circle among triangles and square in any colour, and a circle in any colour 

except blue (See Figure 2).   
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The visual search task is implemented by Barreras[10]. To implementation the task 

JavaScript2  programming language, and for the interface HTML53, and CSS34 have been 

used. The task has two main screens: log screen and a task screen.  

Settings of the task can be configured on the log screen (see Figure 4). Before participant 

starts the task, study adviser can input the id number of participant, the task mode – 

colour&shape in our design, the number of runs, and the number of laps. After inputting all 

necessary data, participants can start the task by clicking on the “Start Experiment” button 

located on the bottom-left corner of the screen. Once participants start the experiment the 

task screen appears. Task screen contains distractors and the target element. When the 

participant finds the target element and clicks on it beep sound generated to confirm that the 

click was on the target element.  

 

Figure 4. The log screen of the task with the configuration panel. 

                                                           
2 https://www.javascript.com 
3 https://www.w3.org/html 
4 https://www.w3.org/Style/CSS/Overview.en.html 
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The size of elements set to 20px. Elements placed on a grid with 75 columns and 36 rows. 

The maximum number of elements can fit to screen is 75 · 36 = 2700.  

The number of elements is increasing linearly after each run. We set the number of runs to 

10, which means the number of distractors increases by 10 % after each run, calculated as 

follows: 

𝐼𝑡𝑒𝑚𝑠 𝑖𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡 =  
𝑀𝑎𝑥 𝑁°𝑖𝑡𝑒𝑚𝑠

𝑟𝑢𝑛𝑠
=

2700

10
= 270 

Only in the first run this number is 269, to reserve a place for the target element. In the last 

run, the number of elements reaches its maximum and covers the whole screen. Figure 5 

illustrates various stages of the task. 

 

 

Figure 5. The Task screen on 3 different stages: Run 1, Run 5 and Run 10. 

 

In a quantitative experiment, it is important to collect enough sample to make the data more 

representative. For this reason, each run of the task contains 3 laps. All 3 laps within one run 

have the same number of distractors, as shown in Figure 6.  

 

Figure 6. Structure of the runs and laps with difficulty level. 
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As we already discussed in the pilot study, initially the duration of the task was 12 seconds 

and finding the target item within 12 seconds was very challenging for participants starting 

from the 4th run. For the main experiment, we decided to increase this duration from 12 to 15 

seconds to provide participants with more time. After 15 seconds the lap is over, and it is not 

possible to click on the target element anymore. On this time the resting screen appears (see 

Figure 7). Purpose of the resting screen is to redirect gaze movements to the middle of the 

screen and make sure that every participant starts the next lap from the same position. 

However, the main objective of the resting screen is to collect gaze movements while the 

participant is not in active search. We will discuss details of the gaze data collected during 

the task and during the resting state in the next chapter.  

 

Figure 7. Resting screen with the circle in the middle to redirect participants' gaze movements. 

 

The resting screen visually does not differ from the previous task screen. To notify the 

participant that the task is over, a small circle appears in the middle of the screen. At this 

point, the participant should stop looking for the element, bring the mouse pointer inside of 

the circle and concentrate to the middle of the screen. In the pilot study, we observed that in 

some cases, 2 seconds were not enough for participants to recognize the circle and stop 

looking for the target element. For this reason, we increased the duration of the resting state 

as well. The idea behind keeping the stimuli in the resting state the same as in the task 
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duration (active state) is to keep luminance the same. Changing the whole stimuli for the 

resting state would easy for participants to recognize, however, this might change the 

intensity of the light coming from the screen and lead pupillary response.  

Additionally, if participants found the right answer within 15 seconds, we asked them to 

bring the mouse pointer to the middle of the screen and concentrate to the middle of the 

screen until the lap is over and resting state appears.  

In the end of the task log file is created. The log file contains the necessary information for 

the analysis of the collected data. The log file contains the following information: 

• Participant ID 

• Mode (colour&shape in our experiment) 

• Number of runs and laps 

• Number of elements added after each run (270 in our experiment) 

• Target element (blue circle in our experiment) 

• Start and end time of the task in HH:MM:SS:MS format 

• Number of wrong clicks 

• Current run 

• Current lap 

• Start and end time of the current lap in HH:MM:SS:MS format 

• Time of the click in the HH:MM:SS:MS format 

This information will help us to analyse the data efficiently.  

 

6.2  Independent and dependent variables 
 

There are two types of variables in the experimental analysis: independent and dependent 

variables. Independent variables – variables that are controlled by the examiner. Dependent 

variables – variables that are measured during the experiment. In the analysis, researchers 

assume that independent variables have an effect on the dependent variables [29].  
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To answer our research question with the help of eye-tracking technology, we have chosen 

following gaze events as the dependent variables: 

• Fixation 

• Saccade 

• Blink 

• Pupil dilation 

As we already discussed in the literature review section, there is a relation between these eye-

tracking measurements and the level of cognitive load and these measurements will help us 

to answer to our research question in an objective way. Additionally, we included two more 

dependent variables to assess the cognitive load. These variables are the performance which 

is the number of right answers given on each display and the NASA TLX5 questionnaire. We 

used NASA TLX questionnaire to assess the influence of the display size on the cognitive 

load more in subjective way.   

NASA TLX is a rating procedure that includes six subjects to rate overall workload score 

[30]. These subjects are the followings: 

• Mental demand: How much mental and perceptual demand, such as thinking, 

deciding, remembering, searching, etc. required for the participant to solve the task? 

• Physical demand: How much physical activity, such as pushing, pulling, turning etc. 

required for the participant to solve the task? 

• Temporal demand: How limited was the given time to solve the task on time?  

• Performance: How successful did participant complete the task? 

• Effort: How mentally and physically challenging was the task to perform? 

• Frustration: How insecure, irritated, annoyed etc. did participant feel while 

performing the task? 

 

As we already discussed in the research question, we want to study the impact of the display 

size on the cognitive load. For this reason, we used the display size as an independent variable 

                                                           
5 Nasa Task Load Index. https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20000021488.pdf 
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and we assume that the display size (independent variable) has an effect on the cognitive load 

which is measured with the help of gaze events (dependent variables).  

For our experiment, we used 2 different sized displays (large and small displays). All 

participants performed the task in both displays. Selection of the displays will be discussed 

in the following chapter.  

 

Figure 8. Structure of the necessary steps to answer our research question.   

  

Figure 8 illustrates our dependent and independent variables on the different stages of the 

experiment.   

• A. There is a relation between cognitive load and gaze events as we have seen in the 

literature review. 

• B. While performing the visual search task, we collect measurements of four gaze 

events, on both, large and small displays.  

• C. 1st phase of analysis: we analyse these gaze event for each screen. Changes on the 

gaze measurements depending on the level of cognition are taken into account. To be 

specific, we analyse how the gaze events change during the active search (higher 

cognitive load) and during the resting state (lower cognitive load). We investigate if 
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the level of cognition influenced the eye-tracking measurements in the same way for 

both displays.  

• D. 2nd phase of analysis. We make a comparison between gaze events collected on 

large and small displays to study how do gaze events change between displays. 

• E. With the knowledge gained in C (how the cognitive load influence gaze 

measurements) and D (how gaze measurements change depending on the display 

size), we discussed how the display size affect the level of cognition. 

  

6.3  Apparatus 

 

We conducted the experiment in the controlled lab environment. In this kind of environment, 

we could minimize the factors which might influence the dependent variables. For instance, 

the non-stable intensity of the light may cause to the pupillary response, for this reason, we 

had to keep the luminance of the room stable by closing the blinds and switching the lights 

of the lab on. To avoid distraction, we also closed the door of the lab and made sure that no 

one can enter the lab while the participant is performing the task.  

For the display choice, we decided to select devices that are used in our real life. The large 

screen which is used in public places, such as airports, train stations to check the timetable 

and small screen which is mostly used for the desktop computers. As a large display we have 

selected Microsoft Perceptive Pixel 55"6 and as a small display Iiyama ProLite 23"7.  

Table 1. Technical characteristics of selected displays 

Name Resolution Display Area Aspect ratio Luminance 

Perceptive Pixel 55" 1920×1080 47.6 × 26.8 inches 

121 × 68.1 cm 

1.78 400 nits 

Iiyama ProLite 23" 1920×1080 20 × 11.3 inches 

51 × 28.7 cm 

1.78 225 nits 

 

                                                           
6 http://www.perceptivepixel.com/ 
7 https://www.iiyama-monitors.co.uk/categories/monitors/iiyama-23-and-24-inch-Monitor.aspx 
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We want to know how the size of the display affects the cognitive load, for this reason, we 

have to keep other characteristics of the displays the same except the size. As described in 

table 1, displays have the same resolution and aspect ratio to avoid any possible influence of 

these factors to the level of cognition. However, the luminance level of the displays differs 

400 nits for the large, 225 nits for the small display. Microsoft Perceptive Pixel has the 

adjustable brightness from 1 to 32 [31]. For this reason, we decreased the brightness of the 

large display from the level 32 to the level 16 during our experiment, to ensure that both 

displays have the same luminance level.  

As we discussed in the pilot study, for the main experiment we decided to use height 

adjustable chair to ensure that all participants’ gazes centered to the middle of the displays 

while sitting and they view the display from the same visual angle.  

The height of the screens are adjusted as follows: We defined that the average distance from 

the floor to the eye level (while the participant is sitting) is 130 cm. This means, the distance 

from the floor to the middle of both displays is 130 cm as well. The height of the large screen 

is 80 cm and the small screen is 33 cm. The distance from the floor to the top of the screens 

have been calculated as follows: 

  For the large screen:            130 + 
80

2
= 170 𝑐𝑚  

  For the small screen:             130 + 
33

2
= 146.5 𝑐𝑚 

We kept these adjustments the same for all participants. Additionally, we could change the 

height of the chair to ensure that participants’ gazes centered to the middle of the displays.   

To maintain the same visual angle for both screens we have done some calculation as 

shown in Figure 9.  Our aim was to keep the visual angle for small display  ∠β1 the same 

as the visual angle for the large display ∠β2.   

First, we defined the distance to view the small display. We decided that 80 cm between the 

participant and the small display is comfortable to perform the task (𝑆 = 80 𝑐𝑚). After this, 

we could calculate the visual angle for the small display, ∠β1. For this, we used the display 

area of the screen (Table 1), which is ℎ𝑆 = 28.7 𝑐𝑚 and calculated ∠β1 as follows: 
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tan β1 =
𝑆

ℎ𝑆

2

=
80

28.7
2

=
80

14.35
≈ 5.57 

β1 = arctan 5.57 ≈ 80° 

The visual angle for the small screen is ∠β1 =80°, which means the visual angle for the large 

screen ∠β2 must be 80° as well. Using the height of the large display, ℎ𝐿 = 68.1 𝑐𝑚, from 

Table 1, we can calculate the distance from the large screen to the participant (𝐿): 

 

Figure 9. Placement of the displays. A - Large display, B - Small display 

 

𝐿 =
ℎ𝐿

2
∙ tan β2 =

68.1

2
∙ 5.57 ≈ 190 𝑐𝑚 

Once we have the height of each display and the distance from the participant to each display, 

we can set up the lab (see Figure 10).  
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Figure 10. Replacement of the displays. For demonstration purposes, both displays are on. Eye-tracker 

and the mouse placed on the desk. 

 

For the experiment, we used SMI Eye-Tracking Glasses 28. These are remote eye-tracking 

glasses, which is an advantage for our experiment: during the recording, participants can 

move their head without stopping the recording process. This is especially important while 

filling the NASA TLX questionnaire (details are explained in the following section). Eye-

tracking glasses were connected to the smart recorder, Lenovo Yoga Tablet 29. SMI Iview 

ETG 3.7 software was installed on the smart recorder. With the help of this software, study 

adviser can configure eye-tracker.  

Eye-tracking glasses are operating at 60 HZ and recording one video and one audio file for 

each participant. After finishing recording process, collected data transferred to the laptop to 

process the data, with the help of Begaze 3.7 software (Details are discussed in the following 

chapter). 

 

6.4  Participants 
 

Participants were recruited using Doodle poll10 online scheduling. We prepared flyers with 

basic information related to the experiment, such as name, date, location, doodle link and the 

amount of compensation for the help.  

                                                           
8 https://www.smivision.com/ 
9 https://www3.lenovo.com/us/en/tablets/lenovo/yoga-tablet-series/yoga-tablet-2-win-10/ 
10 https://doodle.com/de/ 
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We recruited those participants who do not wear eyeglasses. Eye-tracking glasses does not 

work properly when it is worn over the eyeglasses. However, using eye-tracking glasses with 

contact lenses were acceptable for the experiment. Another vision problem which was not 

acceptable for the experiment was the colour blindness. Our task involves many colours and 

we wanted participants to clearly distinguish all colours. 

In the eye-tracking experiment, it is important to conduct the experiment with a higher 

number of participants than planned for analysis. Our aim was to analyse the data from at 

least 30 participants. For this reason, we conducted the experiment with 35 participants to 

ensure that in case of erroneous data resulted by device failure or significant outliers, we can 

exclude those data from the analysis and still have enough data to analyse.  

18 females and 17 male participants took a part in the experiment. We did not control the 

participant selection by their gender, however, it is an advantage of the experiment to have 

an almost equal number of female and male participants.  The average age of the participants 

was 24.8 (min. age 19, max. age 31, STD = 3.21) and they all were students from Konstanz 

University (12 participants bachelor, 18 participants master, 5 participants Ph.D.). 

Educational background of the participants was diverse, such as Computer Science. Life 

Sciences, Politics and Public Administration, Literature, Linguistics, Sociology, Psychology 

etc. A wide range of backgrounds of participants makes out study more representative. 

Average height of the participants was 171.12 cm (min. 153cm, max.188cm, STD = 10.31). 

6 out of 35 participants were using contact lenses during the experiment. 17 participants had 

no experience with eye-tracker before, 8 participants used only once, 10 participants involved 

in an eye-tracking experiment more than once.  

We opted to use the within-subject design for our experiment. In a within-subject design, all 

participants are assigned to both conditions. The most important advantage of this design is 

that we do not need a large number of participants to collect enough data [32]. All 35 

participants performed the task on both displays. However, there is also disadvantages of this 

design: performing the task in one condition may affect the performance in other condition. 

This is called a learning effect, which can cause a bias in the research. To prevent learning 

effect, we used a Latin square to counterbalance the conditions: if the current participant 

starts performing the task on the large display and continues with the small display, then the 
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next participant starts performing the task on the small display and continues with the large 

display.  

 

6.5  Procedure 
 

It is important to have a formal procedure during the experiment. It helps researchers to 

follow the same instruction for every participant, and make sure that all participants have the 

same experience and knowledge about the study [33]. We also created a script and included 

all the necessary steps to ensure that we conduct the experiment in exactly the same for all 

participants.  

According to Hornbæk [34], it is very important to treat participants with respect, consider 

their feelings, needs and well-being. He also described key principals of ethical issues. This 

was very important for our experiment as well, and we will discuss these key principals in 

the frame of our study:  

• Voluntary participation and informed consent. Participants should decide if they 

want to participate or not, and they can change their decision anytime. The 

experimenter has to give all necessary information before starting the experiment, so 

participants can still stop the experiment if they do not want to continue. In our 

experiment, we gave all necessary information about the task in the Welcome letter 

(see Appendix A), additionally we mentioned that we will collect gaze measurements 

including the pupil size. However, in the Letter of Consent (see Appendix A), we 

asked participants’ understanding that before performing the task and collecting 

measurements we cannot give detailed information about our purpose and 

expectations.  However, at the end of the experiment, we were happy to explain our 

study in detail and answer all questions related to study. Explaining the study before 

collecting gaze movements would lead to a biasing in the results since participants 

could imitate their voluntary gaze movements. At the end of the experiment, 

participants still had rights to ask us to remove their data from the experiment. 

• Protection from harm. Participants in HCI experiment should be protected from 

harm. Like most electronic devices, eye-tracking glasses produce some heat after long 
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usage. We made sure that after the experiment with each participant, we switch the 

eye-tracker off and let it cool down. Before wearing eye-tracker, we informed 

participant about it. We explained that after some time, it is normal for glasses to heat 

and they can take the glasses off if they do not feel comfortable. During the whole 

experiment, we did not have any problem regarding this and all participants were 

feeling comfortable with the temperature of the device.  

• Privacy. Collected data must be kept anonymous. During the publishing, the 

experiment participants should be anonymous as much as possible. Researchers have 

to be careful while using pictures and videos of participants where the faces are 

recognisable, or including names should be avoided. In the letter of consent, we 

declared that the collected data will be anonymized and will completely be used for 

research purposes within the framework of the study.  

• Contact to researchers. Participants should be able to contact to study adviser after 

the experiment for any reason. We were sending confirmation emails to each 

participant while inviting them to the experiment. And ensured that all participants 

have our contact Email address.  

 

In the following, the whole procedure of the experiment is explained.  

The study adviser prepares the room by closing the blind and putting “do not disturb” sign 

on the door. All necessary documents for the experiment are prepared. The display which the 

participant will perform the task first with switched on. For simplicity, we implied that the 

participants with odd id number will start the task by performing it on the large display, 

otherwise on the small display. Eye-tracker and the mouse placed on the desk.  

When the participant enters the lab, examiner welcomes the participant and introduces 

himself. Examiner starts a small talk to create a friendly environment and reduce the stress. 

After the participant sits on the chair, examiner gives brief information about the study and 

introduces the Welcome letter. If the participant has no more questions regarding the 

procedure, examiner hands out the Letter of Consent (see Appendix A) to the participant to 

read and sign. Additionally, the participant has to fill demographic questionnaire (see 

Appendix A) before starting the task.  
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Examiner introduces both displays and eye-tracker to the participants which they will use 

during the experiment. As we discussed in the pilot study, we decided to explain the task to 

the participants not only in written form and orally, as well as practically. We concluded that 

the most effective way of explaining the task is performing the task for participants and 

explaining all details in practice. Examiner starts performing the task for two to three laps 

and at the same time explaining all details which has to be done correctly while recording 

process, such as concentrating to the middle of the screen after finding the target element or 

stop looking for the element after recognizing the circle in the middle of the screen and locate 

the mouse pointer inside of it. As long all details are explained to the participant, we finish 

the training procedure.  

Once the participant has no more question about the task we can proceed to the next step: 

wearing and calibrating the eye-tracker. With the help of examiner, participant wears the eye-

tracker. Examiner makes sure that participant feels comfortable with eye-tracking glasses on. 

Now the eye-tracker can be calibrated. Calibration is the process where the eye-tracker 

detects the pupils and reflects the position of the gaze the same as in the real world. As we 

already discussed in the pilot study, the calibration process may take longer depending on 

the physiognomy of eyes and may be frustrating for the participant. However, we had to 

spend enough time on this process to calibrate the device as accurate as possible and ensure 

that we will gather correct data. We chose 3-point calibration, which means participants will 

have to concentrate on three different points while we calibrate the eye-tracker (see Figure 

11).  

 

Figure 11. Calibration points for the Large (left) and the Small (right) displays. For the large display 

“Start the experiment” button, the Microsoft sign and the top right corner of the display are selected as 

calibration points. For the small display “Start the experiment” button, the word “Settings” on the top 

left corner of the display and the top right corner of the display are selected as calibration points.  
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After the successful calibration process, examiner starts the recording process. From now 

eye-tracker is gathering all the necessary gaze measurements. Participants are informed that 

they can start the task whenever they feel ready.  

After the completing the task for one condition, participant fills the NASA TLX 

questionnaire (see Appendix A).  We asked participants not to take the eye-tracker off. 

Taking the glasses off would prolong the experiment, since we would have to stop the 

recording after performing the task on the first display and calibrate the eye-trackers again 

for the second display. While participant fills the questionnaire with eye-tracking glasses on, 

examiner prepares the other display (see Figure 12).  

Now participant can start performing the task on the other display. After completing the task 

on the second display, examiner stops the recording process. The participant takes the glasses 

off and fills second NASA TLX questionnaire.  

 

 

Figure 12. Left: Performing the task on the large display while the small display placed aside. Right: 

Performing the task on the small display while the large display is switched off.  

 

After finishing the task on both displays, participants fill one last questionnaire related to 

their experience on both displays and they can also make their comments verbally.  

In the end, the examiner asks participants some open-ended questions (see Appendix A). 

Duration of the whole experiment with each participant was approximately 45 to 55 minutes.  

Finally, we thanked the participants for their help and they received monetary compensation 

for their time.  
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7. Analysis 

 

In this section, we will summarize the data preparation and the data analysis process. After 

collecting a large amount of quantitative data, analysis part is one of the most time-

consuming section of the research. 

In the data preparation section, we will discuss every step of transforming the raw data and 

make it ready for analysis. After finishing data preparation part, we will conduct several 

statistical analyses to answer our research question.  

 

 

7.1  Data preparation 
 

After recording the data with the help of SMI Iview ETG 3.7 software, data has to be 

extracted and all necessary measurements need to be obtained. Iview ETG software records 

one audio and one video file for each participant. To extract these data, SMI provides another 

software called BeGaze (Behavioural and Gaze Analysis) which is fully integrated with 

Iview ETG.  

BeGaze software provides the list of all recorded data for each participant and basic 

information for each data, such as length, recording time, number of samples (including the 

number of each gaze event gathered during the recording process) and most importantly the 

tracking ratio (see Figure 13). Tracking ratio indicates the quality of the recorded data, the 

higher the information ratio the better quality. In our experiment the average tracking ratio 

was 98.70 % (min. 91.40%, max. 100%, STD = 1.77).  

Furthermore, the software allows examining the recorded file frame by frame. It is important 

to check if the eye-tracker had offsets during the recording process. If there is an offset, the 

with the help of offset correction function the problem can be solved.  
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The metric export functionality of the BeGaze software exports the necessary information 

selected for each participant. To analyse the collected data, we exported following data for 

each participant: 

 

Figure 13. Main screen of the BeGaze software. It provides the list of all recorded files and basic 

information for each file. 

• Participant: the id number of the participant. 

• Category: the name of the gaze event, such as fixation (described as visual intake in 

the software), saccade and blink. 

•  Event Start Video Time [ms]: starting time of the gaze event. The time started from 

the beginning of the recording, e.g.: “event start video time” of the visual intake is 

00:00:00:083 means that the event was measured 85 milliseconds after the starting 

recording (see Figure 14).  

• Event End Video Time [ms]: ending time of the gaze event. 

• Visual Intake Average pupil diameter [mm]. The size of the pupil recorded during 

the fixation (visual intake) event.  
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                            Figure 14. Extracted raw data for participant id=12. 

The log file, obtained at the end of the task contains start and end time of each lap in real 

time. Our aim in the data preparation process is to synchronise the raw eye-tracking data and 

the log file. For this, we did several steps which we will explain in this section.  

For each participant, we collected two log files (one for each condition) and one gaze data. 

To automatize the process, we used Java programming language for data preparation. Java 

project with all used classes is submitted in electron version on the submission of this thesis.  

To ensure that we do not miss any gaze event during the participant performs the task, we 

started the recording process before the participants start the task, and finished the recording 

after participant finishes the task.  

First, we changed the timestamps in the log files. As in the eye-tracking data, we converted 

all timestamps of the lap to the video starting time. To do this, we found the differences 

between the real time in the log file and the real time of the beginning of the recording process 

and assigned the new values to the corresponding timestamp in the log file, e.g.: if the starting 

time of the lap is 10:06:30:881 and the starting time of the recording process is 10:06:05:059, 

then the new value for starting time of the lap is 10: 06: 30: 881 − 10: 06: 05: 059 =

00: 00: 25: 822 .This is done with the help of ChangeTime.java class.  

We want to analyse the eye-tracking measurements recorded while the participant performs 

the task and while the participant is in the resting state. In this regard, we defined OnRun 

and OffRun time intervals: 
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When the participant found the target element and clicked on it: 

• OnRun: duration which starts from the beginning of the lap and lasts until the 

participant clicks on the target element.  

• OffRun: duration which starts from the finishing point of the OnRun interval and 

lasts until the end of the lap. 

When the participant did not find the target element: 

• OnRun: duration which starts from the beginning of the lap and lasts 15 seconds 

(duration of one lap). 

• OffRun: duration which starts from the finishing point of the OnRun interval and 

lasts 3 seconds (duration of one pause).  

 

Defining intervals for each log file is done with the help of DefineIntervals.java class. 

Figure15 summarises the transformation of the log file. 

 

 

 

 

 

 

 

After transforming the log files, with the help of GazeData class, we synchronised the 

log files with the eye-tracking data. The program reads the transformed log file, and the 

corresponding file with gaze measurements and creates another file containing the 

average number of gaze events per second for each run on the OnRun and OffRun period. 

Gaze events which are taking place between two intervals, e.g.: if the saccade starts on 

Figure 15. a) The original log file created in the end of the task. b) log file with converted timestamps, from the 

real time to the video starting time. c) Log file with the timestamps for the beginning and the end of the OnRun 

and OffRun periods. 
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the OnRun period and finishes on the OffRun period, are excluded from the analysis, (see 

Figure 16).  

 

Figure 16. Red colored gaze events are excluded from the analysis  since they cross the border between 

OnRun and OffRun. 

After the synchronization process, we obtain two files for each participant (one file for the 

large, one file for the small display). Each file contains the average number of gaze events 

per second for each category (fixation, saccade, blink, pupil diameter) during on and off run 

period (see Figure 17). 

 

Figure 17. An example of the file for participant 12 in condition Large display. 

 Finally, to make the data ready for statistical analysis, we rearranged the data with the help 

of NewArrange.java class. After this step, we obtained eight files: one file per gaze event for 

both displays. Each file contains the average number of the gaze event per second for each 

participant per run (on and off duration). Additionally, we added one column for each run 

called 𝑅𝑖𝑑𝑖𝑓𝑓 which is the difference between the values of the on and off periods (see Figure 

18). 
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Figure 18. An example of the rearranged file for the statistical analysis. Gaze event Fixation, condition 

Large Display 

 

7.2 Analysis 
 

To understand the influence of the display size on the cognitive load we will answer to our 

research sub-questions:  

1. How do changes in Cognitive Load influence fixations in Large and Small displays? 

2. How do changes in Cognitive Load influence saccades in Large and Small displays? 

3. How do changes in Cognitive Load influence blink in Large and Small displays? 

4. How do changes in Cognitive Load influence pupil dilation in Large and Small 

displays? 

5. How do the number of correct answers and results of NASA TLX questionnaire 

correlate with the results gained with the help of eye-tracking technology?  

First, we will investigate how the changes in the cognitive load influence each eye-tracking 

measure on the large and on the small displays. For this, we will observe the differences 

between the measures recorded OnRun period (where the participant is looking for the 

element, higher cognitive load) and measures recorded OffRun period (where the participant 

is in resting state, lower cognitive load). Later, we will investigate the differences between 
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the eye-tracking measures recorded on the large display and measures recorded on the small 

display. Finally, we will discuss how the display size affects the cognitive load.  

Differences between two related groups, such as the differences between gaze measures 

recorded during OnRun and OffRun, and the differences between gaze measurements 

recorded for the large and small displays have been investigated using dependent T-Test.  

The dependent T-Test is a statistical test and compares the means between two related groups. 

It is a parametric test which means that before conducting the test, one has to check the 

requirements for the data and make sure if the dependent t-test is a right choice.  

Dependent T-test has four assumptions which the collected data has to fulfill [35]:  

• Assumption 1: The dependent variable should be measured on a continuous scale. 

This means the data is measured either interval or ratio level. The gaze events are 

measured in interval level and fulfill the first assumption. 

• Assumption 2: The independent variable should consist of the two related groups 

and the same subjects are presented in both groups. In the first phase of the analysis, 

we will study the differences of gaze measurements between OnRun and OffRun 

periods, which means that for both periods we collected the same gaze measurement 

(number of fixations, number of saccades, number of blinks and pupil dilation) from 

the same population. In the second phase of the analysis, we will study the differences 

of gaze measurements recorded on the large and on the small displays. We collect the 

same gaze measurements for both displays and from the same population. Our data 

fulfills the second assumption. 

• Assumption 3: There should be no significant outlier in the differences between the 

two related groups. An outlier is a data point which is different from the rest of the 

data. This assumption is important since the outlier can affect the distribution of the 

data and lead to the invalid results. However, defining the significant outlier may be 

subjective and depend on the study. 

Outliers can be mild and extreme [36]. We interpreted the phrase in Assumption 3 - 

significant outlier to the extreme outlier, which means that our data should not 
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contain any extreme outlier.  We used boxplot11 to define the outlier in our data. First, 

we calculated the differences for the related groups as follows: 

 

𝐷𝑖𝑓𝑓𝑅𝑢𝑛𝑖 = 𝑅𝑢𝑛𝑖𝑂𝑁 − 𝑅𝑢𝑛𝑖𝑂𝐹𝐹                                                            𝑖 ∈ {1,10} 

 

𝐷𝑖𝑓𝑓𝑅𝑢𝑛𝑖 = 𝑅𝑢𝑛𝑖𝐿𝑎𝑟𝑔𝑒𝐷𝑖𝑠𝑝𝑙𝑎𝑦 − 𝑅𝑢𝑛𝑖𝑆𝑚𝑎𝑙𝑙𝐷𝑖𝑠𝑝𝑙𝑎𝑦                    𝑖 ∈ {1,10} 

  

The mild outlier is the outlier which is located between the inner and outer fence of 

the boxplot on either side [37]. Inner and outer fences of the boxplot calculated as 

follows: 

Lower inner fence:  𝑄1 − 1.5 ∙ 𝐼𝑄 

Upper inner fence:  𝑄3 + 1.5 ∙ 𝐼𝑄 

              Lower outer fence:   𝑄1 − 3 ∙ 𝐼𝑄     

               Upper outer fence:  𝑄3 + 3 ∙ 𝐼𝑄       

 

 

 

 

 

From the Figure 19, one can see that the data has an outlier. The outlier is investigated 

as follows:    

                                                           
11 Boxplot is method for graphically describing the numerical data through their quartiles.   

Figure 19. Boxplot of the differences of the related groups for Run 9. Metric 

fixation, Condition Small display. Mild outlier is the data collected from the 

participant id=33. 
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 Upper inner fence:   1.3 + 1.5 ∙ (1.3 − 0.56) = 2.41 

             Upper outer fence:  1.3 + 3 ∙ (1.3 − 0.56) = 3.52 

 

Data point 2.42 is a mild outlier since it is between the upper inner fence and upper 

outer fence. 

It is also important to investigate the reason for the occurrence of an outlier. The most 

common reasons are missing factor during data collection, errors while data entry, 

incorrect data preparation process and naturally occurring outliers [38]. It is not 

uncommon that collected data from the eye-tracking experiment contains the outliers. 

Our data contains outliers as well, however, they all are mild outliers. We collected 

the data in the same circumstances for all participants and conducted data processing 

process the same for all data with the help of programming language. Which means 

that all mild outliers in the data set are naturally occured. For this reason, we decided 

to keep them in the dataset. 

• Assumption 4.  The distribution of the differences in the dependent variable between 

two related groups should be approximately normally distributed. As in Assumption 

3, we had to check if the DiffRun is normally distributed.  

As a normality test, we used Shapiro-Wilk test. The null-hypotheses for this test is 

that the data is normally distributed. If the p-value is lower than the chosen alpha, 

then the null-hypotheses is rejected, which means the data is not normally distributed. 

If the p-value is higher than the chosen alpha, then the null-hypotheses cannot be 

rejected, which means the data is normally distributed [39]. We have chosen the alpha 

as 𝛼 = 0.05.  

Normality can be tested with the graphical method such as Q-Q plot (Quantile-

Quantile plot) as well. However, graphical methods are an informal way of assessing 

the normality. 

In Q-Q plot, if the points follow a linear pattern then the data is normally distributed 

and if the data points follow a non-linear pattern then the data is not normally 

distributed (see Figure 20).  
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In a real-world quantitative data analysis, it is common that in some cases the last assumption 

of the T-Test is violated. In this case, instead of T-Test, another statistical test has to be used 

which does not require the data to be normally distributed.  

For the analysis, we used Wilcoxson signed-rank test which is used to compare means of two 

related groups as well. Before using this test, it is important to check if the data fulfills the 

assumptions of the test. Wilcoxson signed-rank test has three assumptions [35]. The first two 

assumptions are the same as the Assumption 1 and Assumption 2 of the dependent T-Test. 

Therefore, we will only discuss the last assumption of the Wilcoxson signed-rank test: 

 

 

 

Figure 20. Q-Q Plot of the differences of the related groups in Run5 and the Run3, metric 

fixation, condition small display. Run5Diff is normally distributed (Shapiro-Wilk: p=0.821). 

Run3Diff is not normally distributed (Shapiro-Wilk: p=0.035).  

 

• Assumption 3. The distribution of the differences between the two related groups 

needs to be symmetrical in shape. We used skewness to measure the degree of the 

symmetry. Distribution can be symmetric, skew to the right and skew to the left. If 

the skewness is near to zero, then the distribution is symmetric. If the skewness is 

smaller than zero then the distribution is skew to the left, otherwise to the right. It can 

be considered that the skewness higher than one in absolute value is highly skew, 
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skewness between 0.5 and 1 is moderately skew, and the skewness between 0 and 0.5 

is fairly symmetric [40]. In our analysis, we considered the distribution with the 

absolute skewness between 0 and 0.5 as symmetrical in shape.  

Symmetricity can be tested with a graphical method such as boxplot. However, these 

methods are an informal way of testing the symmetricity (see Figure 21). 

 

 

Figure 21  a) Boxplot visualization of the difference of the related groups in Run 3. Metric: fixation. 

Condition: small display. One can observe asymmetrical distribution. Skewness: -1.087 – highly skew.  

b) Boxplot visualization of the difference between the related groups in Run 5. Metric: blink. Condition: 

large display. With the boxplot visualization, it is difficult to observe if the distribution is fairly symmetric 

or skew. Skewness: -0.677 – moderately skew. c) Boxplot visualization of the differences of the related 

groups in Run 2. Metric: fixation. Condition: small display. One can observe symmetrical distribution. 

Skewness: -0.092 – fairly symmetric.  

 

In the real-world data, it is not unlikely that the assumption about the symmetricity is 

violated. In this case, differences between related groups can be calculated with the help of 

non-parametric test such as Sign test.  

Sign test has four assumptions [35]. First two assumptions are the same as the Assumption 1 

and Assumption 2 of the T-test, therefore, we will discuss Assumption 3 and Assumption 4 

of the Sign test: 

 

• Assumption 3: The paired observations for each participant need to be independent, 

that is, the value of one participant must not influence the value of the other 

participant. In our experiment, each participant had own time slot for participation 
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and the data from each participant prepared separately. The values from one 

participant did not influence the values of the other participants. The data fulfills this 

assumption. 

• Assumption 4. The differences between two related groups are from a continuous 

distribution. The DiffRun can take any value and it is continuous. The data fulfills this 

assumption.  

 

In the following section, we will present the result of the analysis. Although we conduct the 

experiment with 35 participants, we analyzed the data from 34 participants. The data 

collected from the participant id=4 contained a large amount of missing values and the eye-

tracker did not collect the size of pupil throughout the experiment. In this regard, we excluded 

the data from this participant from the analysis.  
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8. Results 

 

In this section, we will present the results gained with the help of eye-tracking technology, 

the results gained through the NASA TLX questionnaire and the performances of the 

participants. We assume that by increasing the number of distractors after each run the 

cognitive load increases. Our goal is to understand how does the number of gaze events 

change when the cognitive load increases. We will investigate the differences between the 

gaze events during the active search (OnRun period – higher cognitive load) and resting state 

(OffRun – lower cognitive load). After this, we will investigate the difference between gaze 

events collected on the large display and small display. 

Additionally, we will discuss how the objective results (results obtained with the eye-tracking 

technology), the performance of the participant and subjective results (results obtained 

through the NASA TLX questionnaire) match.  

Results for each measurement, such as fixation, saccade, blink and pupil dilation are reported 

separately.  

 

8.1  Fixation 
 

Many researchers have been investigating the relation between fixation and cognitive state 

[20] [10] and they showed higher load in working memory leads to an increment in the  

number of fixation. And we want to know if the fixation can help us to detect the influence 

of the display size on the cognitive load.  

In this section, we will answer to our 1st research sub-question: How do changes in Cognitive 

Load influence fixation in Large and Small displays? In order to answer to this question, we 

will study how the number of fixations per second changes from OnRun period, where 

participant is looking for the target element (higher cognitive load) to OffRun period, where 

participant has already found the target element (or the lap duration is over) and waiting for 

the next lap to start. We will present results for each condition separately.  
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Large Display 
 

We used dependent T-Test to compare OnRun and OffRun periods. Before conducting this 

test, one has to check if the differences between the two related groups are normally 

distributed. We tested normality using Shapiro-Wilk test. Table 2 presents the results of 

dependent T-Test in run level. For each run, we ran a T-Test for the average values of 

fixations per second. These values are averaged by participants recorded during OnRun and 

OffRun periods. In our tables, we used colours according to the relevance. Green colour 

means that the data does not violate the assumption of the corresponding statistical test. Blue 

colour means that the data is statistically significant, otherwise, the result of the statistical 

test has a red background. We will follow this colouring schema in all tables where we 

conduct the statistical test. 

Additionally, tables present descriptive statistics, such as a mean number of gaze events and 

standard deviation.  

Data is normally distributed if the p-value of Shapiro-Wilk test is 𝑝 ≥ 0.05 (green 

background) and not normally distributed if p-value is 𝑝 < 0.05. Data is statistically 

significant if the p-value of dependent T-Test (as well as Wilcoxson signed-rank test and 

Sign test) is 𝑝 ≤ 0.5  (blue background) and not statistically significant if the p-value is 𝑝 >

0.05 (pink background). 

Observing Table 2, we can see that p-value of Shapiro-Wilk test is 𝑝 ≥ 0.05 for every run, 

which means that the data is normally distributed. This allows us to conduct dependent T-

Test. The results of dependent T-Test are statistically significant for every run, which means 

that the gaze event fixation differs significantly between OnRun and OffRun periods.  

Additionally, a positive number of t-values indicate a higher number of fixations per second 

in the OnRun period. This is the result of the higher cognitive load where participants have 

to focus on more items and move eyes more repeatedly during the active search. 
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Table 2.  Results of the dependent T-Test for the gaze event Fixation, condition Large Display.             

Normality is checked with the Shapiro-Wilk test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Studying Table 2, we can conclude that the number of fixations is higher in OnRun periods 

(𝑡 > 0) and these differences are statistically significant for all runs. Based on these results, 

we can say that the fixation is an indicator of the level of cognition in condition Large display.  

 

 

No Fixation/s 

-Large display 

Descriptive 

Statistic 

Shapiro-

Wilk 

Test 

Dependent T-

Test 

Mean No 

Fix/s 

Std. 

Deviation 

 

 p-value 

 

t-value 

 

p-value 

 

Pair 1 

 

R1on 2.387 0.510  

0.305 

 

8.697 

 

0.000 
R1off 1.241 0.704 

 

Pair 2 

 

R2on 2.696 0.479  

0.539 

 

9.337 

 

0.000 
R2off 1.402 0.712 

 

Pair 3 

 

R3on 2.843 0.477  

0.878 

 

10.535 

 

0.000 
R3off 1.715 0.831 

 

Pair 4 

 

R4on 2.985 0.405  

0.790 

 

12.282 

 

0.000 R4off 1.662 0.715 

 

Pair 5 

 

R5on 2.954 0.344  

0.554 

 

9.772 

 

 

0.000 
R5off 1.805 0.811 

 

Pair 6 

 

R6on 2.941 0.431  

0.220 

 

7.544 

 

0.000 
R6off 1.886 0.764 

 

Pair 7 

 

R7on 2.913 0.436  

0.805 

 

10.986 

 

0.000 
R7off 1.746 0.736 

 

Pair 8 

 

R8on 2.860 0.385  

0.885 

 

9.006 

 

0.000 
R8off 1.770 0.677 

 

Pair 9 

 

R9on 2.820 0.426  

0.475 

 

8.324 

 

0.000 R9off 1.752 0.754 

 

Pair 10 

 

R10on 2.757 0.417  

0.368 

 

8.408 

 

0.000 
R10off 1.916 0.608 
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Small Display 
 

For condition small display we have followed the same procedure as for condition large 

display. Normality is checked with Shapiro-Wilk test. If the data is normally distributed, we 

conducted dependent T-Test to compare two related groups. If the data is not normally 

distributed, we conducted an alternative statistical test which does not require the data to be 

normally distributed. For this case, we used Wilcoxson signed-rank test. This test requires 

the data to be symmetrical in shape. We checked the symmetricity by calculating the 

skewness of the data, as we already discussed in the previous chapter. If the skewness is 

|𝑠𝑘𝑒𝑤𝑛𝑒𝑠𝑠| ≤ 0.5, we can conduct Wilcoxson signed-rank test. However, if the data violets 

this requirement, we conducted non-parametrical Sign test to compare two related groups.  

From Table 3, we can observe that except Run 2 and Run 3 the data is normally distributed, 

which allows us to conduct dependent T-Test. For Run 2 we conducted Wilcoxson test, as 

the skewness of the data is |𝑠𝑘𝑒𝑤𝑛𝑒𝑠𝑠| ≤ 0.5 (fairly symmetrical). For Run 3, we conducted 

Sign test, since the data violated the assumptions of the dependent T-Test and Wilcoxson 

signed-rank test. 

Table 3 shows that the number of fixations per second is higher in OnRun period than the 

OffRun period (𝑡 > 0, 𝑧 > 0) and this difference is statistically significant for all runs.  

From condition Large display and Small display, we have learned that the difference between 

the data collected during the OnRun period (higher cognitive load) and OffRun (lower 

cognitive load) period is statistically significant. Positive t-values and z-score show that the 

number of fixations per second is higher on the OnRun period. Using this knowledge in the 

next section, we will conduct the statistical analysis to understand how the display size 

influence the level of cognition.  
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Table 3. Results of the dependent T-Test, Wilcoxson test and Sign test for the gaze event Fixation, 

condition Small Display. Normality is checked with the Shapiro-Wilk test.  

 

 

 

 

 

 

 

No Fixation/s 

-Small display 

Descriptive 

Statistic 

Shapiro-

Wilk 

Test 

Dependent 

T-Test 

Sym-

met-

ricity 

Wilcoxson  

Test 

Sign 

Test 

Mean 

No 

Fix/s 

Std. 

Deviation 

 

  

 p- 

value 

 

 t-

value 

 

 p-

value 

 

Skew 

ness  

 

 z-

score 

 

 p-

value 

 

 p-

value 

 

Pair 1 

 

R1on 2.519 0.474  

0.497 

 

9.540 

 

0.000 

    

R1off 1.375 0.719 

 

Pair 2 

 

R2on 2.491 0.452  

0.021 

 

 

 

 

 
-0.092 

 

 
4.873 

 

 

0.000 

 

 
R2off 1.424 0.644 

 

Pair 3 

 

R3on 2.805 0.469  

0.035 

  

 

 

-1.087  
 

   

0.000 
R3off 1.693 0.682 

 

Pair 4 

 

R4on 2.708 0.421  

0.396 

 

9.394 

 

0.000 

    

R4off 1.699 0.715 

 

Pair 5 

 

R5on 2.912 0.433  

0.821 

 

 9.386 

 

 

0.000 

    

R5off 1.803 0.805 

 

Pair 6 

 

R6on 2.744 0.407  

0.221 

 

10.322 

 

0.000 

    

R6off 1.659 0.592 

 

Pair 7 

 

R7on 2.829 0.422  

0.113 

 

9.240 

 

0.000 

 

    

R7off 1.858 0.697 

 

Pair 8 

 

R8on 2.854 0.452  

0.683 

 

9.621 

 

0.000 

    

R8off 1.803 0.739 

 

Pair 9 

 

R9on 2.836 0.317  

0.504 

 

9.244 

 

0.000 

    

R9off 1.858 0.676 

 

Pair 10 

 

R10on 2.821 0.330  

0.134 

 

8.881 

 

0.000 

    

R10off 1.943 0.565 
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Large vs. Small display 

 

As we already discussed, fixation can be used as an indicator of the level of cognition in both 

conditions. And we concluded that higher cognitive load leads to a higher number of fixations 

per second. Based on these findings, we can conduct another test to understand if there is a 

difference in cognitive load while participant performing the task on the large and small 

displays.  

In this regard, we will compare the mean values of the fixations per second between the large 

and small displays. We will do this comparison for the data collected only in the OnRun 

period. Since we are interested in the differences in the higher cognitive load.  

Table 4 shows the results of the comparison between the large and small displays. Except 

Run 9 (Shapiro-Wilk test: 𝑝 = 0.035) all data is normally distributed, and we are allowed to 

conduct the dependent T-Test. For the Run 9, we conducted Sign test, since the data is 

moderately skew (𝑠𝑘𝑒𝑤𝑛𝑒𝑠𝑠 = −0.876).  

Except Run 4 and Run 6, the differences between the number of fixations per second are not 

statistically significant. Which means, not every participant had a higher number of fixations 

on the large display than the small display or vice versa.  

Additionally, from the t-values of the dependent T-Test one can observe that only for Run 1 

and Run 10 the value is negative. This means that the number of fixations per second is higher 

on the small display for Run 1 and Run 10. For the rest of the runs, performing the task on 

the large display produced more fixation than the small display.  

Although, the number of fixations is higher on the large display except the Run 1, Run 9 

(regarding the mean values) and Run 10, these differences are statistically significant only 

for Run 4 and Run 6. Therefore, we cannot conclude that performing the task on the large 

display yields more number of fixations than on the small display for each difficulty level of 

the task (for each run). Thus, the display size has no significant influence on the cognitive 

load at the run level for the measurement fixation.   
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Table 4. Results of the dependent T-Test and Sign test for the gaze event Fixation, Large vs. 

Small display comparison. Normality is checked with the Shapiro-Wilk test.  

 

 

 

However, it is interesting to study the difference of the number of fixations between the large 

and small display not for every run, but for the whole task. Table 5 shows the comparison of 

the number of fixations per second between the large and small displays.  

 

No Fixation/s 

-Large vs. Small 

display 

Descriptive 

Statistic 

Shapiro-

Wilk 

Test 

Dependent 

T-Test 

Sym-

met-

ricity 

Wilcoxson  

Test 

Sign 

Test 

Mean 

No 

Fix/s 

Std. 

Deviation 

 

  

 p- 

value 

 

 t-

value 

 

 p-

value 

 

Skew 

ness  

 

 z-

score 

 

 p-

value 

 

 p-

value 

 

Pair 1 

 

R1L 2.387 0.510  

0.698 

 

-1.160 

 

0.254 

    

R1S 2.519 0.474 

 

Pair 2 

 

R2L 2.696 0.479  

0.299 

 

1.974 

 

0.057 

    

R2S 2.491 0.452 

 

Pair 3 

 

R3L 2.843 0.477  

0.457 

 

0.385 

 

0.703 

    

R3S 2.805 0.469 

 

Pair 4 

 

R4L 2.985 0.405  

0.741 

 

4.037 

 

0.000 

    

R4S 2.708 0.421 

 

Pair 5 

 

R5L 2.954 0.344  

0.603 

 

0.475 

 

0.638 

    

R5S 2.912 0.433 

 

Pair 6 

 

R6L 2.941 0.431  

0.879 

 

2.061 

 

0.047 

    

R6S 2.744 0.406 

 

Pair 7 

 

R7L 2.913 0.436  

0.770 

 

1.016 

 

0.317 

    

R7S 2.829 0.422 

 

Pair 8 

 

R8L 2.860 0.385  

0.496 

 

0.058 

 

0.954 

 

 

   

 
R8S 2.854 0.452 

 

Pair 9 

 

R9L 2.820 0.426  

0.035 

 

 

 

 

 

-0.876 

   

0.392 R9S 2.836 0.317 

 

Pair 10 

 

R10L 2.758 0.417  

0.291 

 

-0.899 

 

0.376 

    

R10S 2.821 0.330 
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Table 5. Results of the dependent T-Test for the gaze event Fixation averaged for the whole 

task. Large vs. Small display comparison. Normality is checked with the Shapiro-Wilk test. 

 

 

 

 

 

 

From Table 5, we can observe that the data is normally distributed, and we can conduct the 

dependent T-Test. The t-value is positive which means the mean number of fixations per 

second in condition Large display is higher than in condition Small display. However, the 

difference is not statistically significant. Therefore, using the measure fixation, we cannot 

conclude that performing the task on the Large display yields higher cognitive load.  

 

8.2  Saccade 
 

There have been many investigations to study relation between the cognitive load and 

saccade and the result of the researches show that higher cognitive load leads to an increment 

in the number of saccades [41][10]. However, we want to know if the saccade can be used as 

an indicator to measure cognitive load in different sized display and how this eye movement 

can help us to understand the influence of the display size on the cognitive load.  

In this section, we will answer to our 2nd research sub-question: How do changes in Cognitive 

Load influence saccade in Large and Small displays? In order to answer to this question, first 

we will study how the number of saccades per second changes from OnRun period, where 

participant is looking for the target element (higher cognitive load) to OffRun period, where 

participant has already found the target element (or the lap duration is over) and waiting for 

 

Ʃ o Fixation/s 

-Large vs. 

Small display 

 

Descriptive 

Statistic 

Shapiro-

Wilk Test 

Dependent T-Test 

Mean No 

Fix/s 

Std. 

Deviation 

      

   p-value 

 

t-value 

 

p-value 

Large Display 2.816 0.248  

0.051 

 

1.659 

 

0.107 
Small Display 2.754 0.237 
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the next lap to start (lower cognitive load). We will present results for each condition 

separately.  

 

Large display 
 

For condition Large display, we conducted dependent T-Test to understand how the number 

of fixations differs between OnRun and OffRun periods. Before conducting the statistical 

test, we checked the normality of the data with the Shapiro-Wilk test.  

Table 6 shows the result of the comparison between OnRun and OffRun periods. For every 

run the data is normally distributed which allows us to conduct the dependent T-Test. The 

difference between the number of saccades per second of the OnRun and OffRun period is 

statistically significant for every run.  

Additionally, the number of positive t-values show that the number of fixations is higher 

during the OnRun period than an OffRun period. This is the result of the higher cognitive 

load where participants need to move eyes more intensively while active search.  

Studying Table 6, we can conclude that the number of saccades is higher in the OnRun period 

(𝑡 > 0) and this difference is statistically significant for all runs. Based on these results, we 

can say that the saccade is an indicator of the level of cognition in condition Large display.  
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Table 6. Results of the dependent T-Test for the gaze event Saccade, condition Large Display.             

Normality is checked with the Shapiro-Wilk test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Small display 
 

For condition Small display, we followed the same procedure as for condition Large display. 

Normality is checked with Shapiro-Wilk test. If the data is normally distributed, we 

conducted dependent T-Test to compare two related groups.  

 

No Saccade/s 

-Large display 

Descriptive 

Statistic 

Shapiro-

Wilk 

Test 

Dependent T-

Test 

Mean No 

Sacc/s 

Std. 

Deviation 

 p-value t-value p-value 

 

Pair 1 

 

R1on 2.527 0.506  

0.124 

 

13.344 

 

0.000 
R1off 1.051 0.635 

 

Pair 2 

 

R2on 2.747 0.539  

0.313 

 

11.713 

 

0.000 
R2off 1.234 0.682 

 

Pair 3 

 

R3on 2.845 0.495  

0.940 

 

11.737 

 

0.000 
R3off 1.561 0.822 

 

Pair 4 

 

R4on 2.989 0.425  

0.952 

 

14.826 

 

0.000 R4off 1.541 0.695 

 

Pair 5 

 

R5on 2.970 0.351  

0.933 

 

10.372 

 

 

0.000 
R5off 1.753 0.816 

 

Pair 6 

 

R6on 2.909 0.500  

0.096 

 

8.718 

 

0.000 
R6off 1.734 0.724 

 

Pair 7 

 

R7on 2.918 0.470  

0.247 

 

11.932 

 

0.000 
R7off 1.670 0.767 

 

Pair 8 

 

R8on 2.837 0.411  

0.612 

 

8.970 

 

0.000 
R8off 1.690 0.717 

 

Pair 9 

 

R9on 2.810 0.473  

0.326 

 

8.872 

 

0.000 R9off 1.692 0.777 

 

Pair 10 

 

R10on 2.725 0.486  

0.351 

 

8.569 

 

0.000 
R10off 1.786 0.663 
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Table 7.  Results of the dependent T-Test for the gaze event Saccade, condition Small Display.             

Normality is checked with the Shapiro-Wilk test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From Table 7, we can observe that the data is normally distributed for every run, which 

allows us to conduct the dependent T-Test. The results of the dependent T-Test are 

statistically significant for every run. This means that the number of saccades is significantly 

different between OnRun and OffRun periods.  

 

No Saccade/s 

-Small display 

Descriptive 

Statistic 

Shapiro-

Wilk 

Test 

Dependent T-

Test 

Mean No 

Sacc/s 

Std. 

Deviation 

 p-value t-value p-value 

 

Pair 1 

 

R1on 2.614 0.504  

0.690 

 

12.771 

 

0.000 
R1off 1.149 0.649 

 

Pair 2 

 

R2on 2.573 0.483  

0.543 

 

14.262 

 

0.000 
R2off 1.198 0.637 

 

Pair 3 

 

R3on 2.804 0.514  

0.096 

 

10.480 

 

0.000 
R3off 1.532 0.652 

 

Pair 4 

 

R4on 2.691 0.419  

0.162 

 

10.781 

 

0.000 R4off 1.533 0.689 

 

Pair 5 

 

R5on 2.902 0.487  

0.062 

 

10.690 

 

0.000 
R5off 1.651 0.805 

 

Pair 6 

 

R6on 2.736 0.459  

0.572 

 

13.119 

 

0.000 
R6off 1.505 0.534 

 

Pair 7 

 

R7on 2.781 0.484  

0.673 

 

9.083 

 

0.000 
R7off 1.778 0.718 

 

Pair 8 

 

R8on 2.819 0.509  

0.869 

 

9.207 

 

0.000 
R8off 1.754 0.772 

 

Pair 9 

 

R9on 2.799 0.363  

0.929 

 

8.867 

 

0.000 R9off 1.817 0.662 

 

Pair 10 

 

R10on 2.781 0.400  

0.291 

 

8.500 

 

0.000 

 
R10off 1.802 0.616 
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Furthermore, positive t-values show that the number of saccades is higher in the OnRun 

period than the OffRun period. This is the result of the need to move eyes more intensively 

while active search (higher cognitive load). 

Studying Table 7, we can conclude that the number of saccades is higher in OnRun periods 

(𝑡 > 0) and these differences are statistically significant for all runs. Based on these results, 

we can say that the number of saccades is an indicator of the level of cognition in condition 

Small display.  

From the results of the condition Large display and Small display, we have learned that the 

differences between the data collected during the OnRun period (higher cognitive load) and 

OffRun period (lower cognitive load) are statistically significant. Positive t-values show that 

the number of saccades per second is higher on the OnRun period. Using this knowledge in 

the next section, we will conduct the statistical analysis to understand how the number of 

saccades per second change between the large and small displays and if the display size has 

any effect on the cognitive load.  

 

Large vs. Small display 
 

As we discussed in previous sections, saccade can be used as an indicator of the level of 

cognition in both conditions. And we concluded that higher cognitive load leads to a higher 

number of saccades. Based on these findings, we can conduct another test to understand if 

there is a difference in cognitive load while participant performing the task on the large and 

small displays.  

In this regard, we will compare the mean values of the saccades per second between the large 

and small displays. For comparison, we will use the data collected only in the OnRun period.  

Table 8 shows the results of the comparison between the large and small displays. Except 

Run 6, the data is normally distributed, and we can conduct the dependent T-Test. For the 

Run 6, we conducted Sign test, since the data violates the assumption of symmetricity of the 

Wilcoxson signed-rank test. 
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Table 8. Results of the dependent T-Test and Sign test for the gaze event Saccade, Large vs. 

Small display comparison. Normality is checked with the Shapiro-Wilk test. 

 

 

Except Run 4, the differences between the number of saccades per second are not statistically 

significant. Additionally, from the t-values of the dependent T-Test one can observe that only 

for Run 1 and Run 10 the value is negative. This means that the number of saccades per 

second is higher on the small display for Run 1 and Run 10. For the rest of the runs, 

performing the task on the large display produced more saccades than the small display.  

 

No Saccades/s 

-Large vs. Small 

Display 

Descriptive 

Statistic 

Shapiro-

Wilk 

Test 

Dependent 

T-Test 

Sym-

met-

ricity 

Wilcoxson  

Test 

Sign 

Test 

Mean 

No 

Sacc/s 

Std. 

Deviation 

 

  

 p- 

value 

 

 t-

value 

 

 p-

value 

 

Skew 

ness  

 

 z-

score 

 

 p-

value 

 

 p-

value 

 

Pair 1 

 

R1L 2.527 0.506  

0.831 

 

-0.824 

 

0.416 

    

R1S 2.614 0.504 

 

Pair 2 

 

R2L 2.748 0.539  

0.217 

 

1.618 

 

0.115 

    

R2S 2.573 0.483 

 

Pair 3 

 

R3L 2.845 0.495  

0.358 

 

0.402 

 

0.690 

    

R3S 2.804 0.514 

 

Pair 4 

 

R4L 2.989 0.425  

0.640 

 

4.543 

 

0.000 

 

    

R4S 2.691 0.419 

 

Pair 5 

 

R5L 2.970 0.351  

0.058 

 

0.824 

 

0.416 

    

R5S 2.902 0.487 

 

Pair 6 

 

R6L 2.909 0.500  

0.039 

 

 

 

 

 

0.844 

   

0.121 
R6S 2.736 0.459 

 

Pair 7 

 

R7L 2.918 0.470  

0.636 

 

1.599 

 

0.119 

    

R7S 2.781 0.484 

 

Pair 8 

 

R8L 2.837 0.411  

0.050 

 

0.194 

 

0.484 

    

 
R8S 2.819 0.509 

 

Pair 9 

 

R9L 2.810 0.473  

0.160 

 

0.163 

 

0.872 

    

R9S 2.799 0.363 

 

Pair 10 

 

R10L 2.725 0.486  

0.239 

 

-0.818 

 

0.419 

    

R10S 2.781 0.400 



59 
 

Although, the number of fixations is higher on the large display except the Run 1, Run 6 

(regarding the mean values) and Run 10, these differences are statistically significant only 

for Run 4. Therefore, we cannot conclude that the size of the display has any influence on 

the cognitive load at each difficulty level of the task. 

It is interesting to study the difference of the mean number of saccades between the large and 

small display not for every run, but for the whole task. Table 9 shows the comparison of the 

number of saccades per second between the large and small displays.  

 

 Table 9. Results of the Sign test for the gaze event Saccade averaged for the whole task. Large 

vs. Small display comparison. 

 

 

From Table 9, we can observe that the data is not normally distributed (𝑝 = 0.003) and 

highly skew (𝑠𝑘𝑒𝑤𝑛𝑒𝑠𝑠 = 1.451), and we cannot conduct the dependent T-Test and 

Wilcoxson signed-rank test. Therefore, we conducted non-parametric Sign test.  The result 

of the Sign test is statistically significant, which means that the number of saccades between 

the large and small displays differs significantly.  

Additionally, regarding the mean values from the Table 9, we can conclude that the number 

of saccades produced on the large display is significantly higher than on the small display. 

Using gaze event fixation, we could not find the statistically significant difference between 

our two conditions on a different level of cognition (for every run of the task). However, the 

mean number of the saccade for the whole task differs significantly between the large and 

small displays. Thus, performing the task on the large display produces more saccades than 

 

Ʃ o Saccade/s 

Large vs. Small 

displays 

 

Descriptive 

Statistic 

Shapiro-

Wilk 

Test 

Dependent 

T-Test 

Symmet

-ricity 

Wilcoxson 

Test 

Sign 

Test 

Mean No 

Saccade/s 

Std. 

Deviation 

  

  p-value 

 

t-

value 

 

p-

value 

 

Skewness  

 

z-

score 

 

p-

value 

 

p-

value 

Large Display 2.828 0.407  

0.003 

   

1.451 

   

0.000 
Small Display 2.750 0.322 
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on the small display. Respectively, using the measure saccade, we can conclude that large 

display yields higher cognitive load at the task level. 

 

8.3 Blink 
 

Many researches show that the number of blinks has a direct relation to the cognitive load 

and the higher cognitive load leads to the lower number of blinks [20][41]. We want to 

investigate how the number of blinks change while increasing the cognitive load on both 

large and small displays and can we use the blink rate to detect the influence of the display 

size on the cognitive load.  

In this section, we will answer to our 3rd research sub-question: How do changes in Cognitive 

Load influence blink in Large and Small displays? To answer to this question, we will study 

how the number of blinks per second changes from OnRun period, where participant is 

looking for the target element (higher cognitive load) to OffRun period, where participant 

has already found the target element (or the lap duration is over) and waiting for the next lap 

to start (lower cognitive load). We will present results for each condition separately.  

 

Large display 
 

For condition Large display, we conducted statistical tests to compare two related groups. 

Normality is checked with the Shapiro-Wilk test. If the data is normally distributed, we 

conducted dependent T-Test. If the data is not normally distributed but fairly symmetric, we 

conducted Wilcoxson signed-rank test. If the data violates conditions of both parametric tests, 

non-parametric Sign test is used to compare two related groups.  

Table 10 shows the results of the comparison between OnRun and OffRun periods for the 

condition Large display. The data is not normally distributed except in Run 8, Run 9 and Run 

10. For the last three runs, we conducted dependent T-Test. The data in Run 3 is fairly 

symmetrical in shape and we are allowed to conduct Wilcoxson signed-rank test. For the rest 

of the runs, we conducted the Sign test.  
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Table 10. Results of the dependent T-Test, Wilcoxson signed-rank test and the Sign test for the 

gaze event Blink, condition Large Display.  Normality is checked with the Shapiro-Wilk test. 

 

 

 

The results of the tests are statistically significant for all 10 runs. This means that the data 

collected OnRun and OffRun periods differ significantly.  

 

 

No Blink/s 

-Large display 

Descriptive 

Statistic 

Shapiro-

Wilk 

Test 

Dependent T-

Test 

Symmet

-ricity 

Wilcoxson 

Test 

Sign 

Test 

Mean 

No 

Blink/s 

Std. 

Deviation 

  

  p-value 

 

t- 

value 

 

p-

value 

 

Skewness  

 

z-

score 

 

p-

value 

 

p-

value 

 

Pair 1 

 

R1on 0.063 0.142  

0.001 

   

-1.404 

   

0.000 
R1off 0.242 0.219 

 

Pair 2 

 

R2on 0.085 0.155  

0.004 

   

-1.218 

   

0.000 
R2off 0.233 0.188 

 

Pair 3 

 

R3on 0.090 0.157  

0.033 

   

0.111 

 

-3.867 

 

0.000 

 

R3off 0.216 0.173 

 

Pair 4 

 

R4on 0.090 0.143  

0.008 

   

-1.384 

   

0.000 R4off 0.276 0.224 

 

Pair 5 

 

R5on 0.089 0.149  

0.034 

   

-0.677 

   

0.000 
R5off 0.232 0.211 

 

Pair 6 

 

R6on 0.108 0.171  

0.006 

   

-1.064 

   

0.000 
R6off 0.288 0.241 

 

Pair 7 

 

R7on 0.089 0.150  

0.012 

   

-1.204 

   

0.000 
R7off 0.255 0.236 

 

Pair 8 

 

R8on 0.095 0.146  

0.120 

 

-4.509 

 

0.000 

    

R8off 0.272 0.271 

 

Pair 9 

 

R9on 0.109 0.169  

0.948 

 

-4.933 

 

0.000 

    

R9off 0.237 0.195 

 

Pair 10 

 

R10on 0.096 0.131  

0.415 

 

-6.116 

 

0.000 

    

R10off 0.284 0.194 
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Additionally, negative t-values and z-scores, and the differences in the mean values show 

that the number of blinks is higher in the OffRun period than the OnRun period. This is the 

result of the need to keep eyes open as much as possible during the active search to find the 

target item and blink to moisten the eyes during the resting the resting state.    

Studying Table 10, we can conclude that the number of blinks during the active search 

(OnRun) is lower than during the resting state (OffRun) and this difference is statistically 

significant for all runs. Based on these results, we can say that the number of blinks is an 

indicator of the level of cognition in condition Large display.  

 

Small display 
 

For condition Small display, we followed the same procedure as for condition Large display. 

We conducted dependent T-Test and Sign test to compare two related groups. Normality is 

checked with Shapiro-Wilk test. The data collected for the Run 1, Run 3, Run 4, Run 7, Run 

8 are normally distributed, accordingly, we can conduct dependent T-Test. The data collected 

for the rest of the runs violates the assumption of the symmetricity of the Wilcoxson signed-

rank test, therefore we conducted Sign test to compare OnRun and OffRun periods.  

Table 11 shows the result of the tests for condition Small display. Except the Run 9, the 

results are statistically significant. This means that the number of blinks collected OnRun 

and OffRun periods differ significantly. Additionally, negative t-values of the dependent T-

Test and mean values from the descriptive statistics show that the number of blinks is higher 

in OffRun period than in OnRun period and these differences are statistically significant for 

all runs except Run 9. Although, from the mean values of the Run 9, we can see that number 

of blinks in OffRun period is higher, however, this was not enough for the threshold alpha of 

the Sign test (𝛼 = 0.05, 𝑝 = 0.071), accordingly, the difference in Run 9 is not statistically 

significant.  

Studying Table 11, we can conclude that the number of blinks during the active search 

(OnRun) is lower than during the resting state (OffRun) and this difference is statistically 
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significant for all runs. Based on these results, we can say that the number of blinks is an 

indicator of the level of cognition in condition small display.  

 

Table 11. Results of the dependent T-Test and Sign test for the gaze event Blink, condition 

Small display. Normality is checked with the Shapiro-Wilk test. 

 

 

 

 

No Blink/s 

-Small display 

Descriptive 

Statistic 

Shapiro-

Wilk 

Test 

Dependent 

T-Test 

Symmet-

ricity 

Wilcoxson 

Test 

Sign 

Test 

Mean 

No 

Blink/s 

Std. 

Deviation 

  

  p-value 

 

t-

value 

 

p-

value 

 

Skewness  

 

z-

score 

 

p-

value 

 

p-

value 

 

Pair 1 

 

R1on 0.080 0.127  

0.325 

 

-5.490 

 

0.000 

    

 
R1off 0.292 0.245 

 

Pair 2 

 

R2on 0.095 0.167  

0.013 

 

 

  

-1.284 

   

0.000 
R2off 0.302 0.236 

 

Pair 3 

 

R3on 0.112 0.148  

0.842 

 

-5.575 

 

 

0.000 

    

R3off 0.281 0.222 

 

Pair 4 

 

R4on 0.108 0.172  

0.060 

 

-4.498 

 

0.000 

    

R4off 0.249 0.178 

 

Pair 5 

 

R5on 0.107 0.150  

0.013 

 

 

  

-1.198 

   

0.000 
R5off 0.259 0.238 

 

Pair 6 

 

R6on 0.103 0.141  

0.014 

   

-1.266 

   

0.000 
R6off 0.277 0.254 

 

Pair 7 

 

R7on 0.134 0.185  

0.421 

 

-3.502 

 

0.001 

    

R7off 0.251 0.196 

 

Pair 8 

 

R8on 0.106 0.123  

0.065 

 

-4.625 

 

0.000 

    

R8off 0.249 0.206 

 

Pair 9 

 

R9on 0.093 0.110  

0.001 

   

-1.702 

   

0.071 R9off 0.206 0.215 

 

Pair 10 

 

R10on 0.100 0.139  

0.039 

   

-0.907 

   

0.000 
R10off 0.282 0.236 
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From the results of the condition Large display and Small display, we have learned that the 

differences between the data collected during the OnRun period (higher cognitive load) and 

OffRun period (lower cognitive load) are statistically significant and the number of blinks 

per second is higher on the OffRun period. Using this knowledge in the next section, we will 

conduct the statistical analysis to understand how the number of blinks changes between the 

large and small displays.  

 

 

Large vs. Small display 

 

As we already discussed, the number of blinks can be used as an indicator of the level of 

cognition. And we concluded that higher cognitive load leads to a lower number of blinks. 

Using this knowledge, we can conduct another test to understand if there is a difference in 

cognitive load while participant performing the task on the large and small displays. 

 In this regard, we will compare the mean values of the blinks per second between the large 

and small displays. For comparison, we will use the data collected only in the OnRun period.  

Table 12 shows the results of the comparison of the number of blinks per second collected 

during the OnRun period between the large and small displays. Except Run 3 and Run 6, the 

data is not normally distributed, accordingly, we conducted dependent T-Test for Run 3 and 

Run 6. The data collected in Run 10 is symmetrical in shape (𝑠𝑘𝑒𝑤𝑛𝑒𝑠𝑠 = 0.296) which 

allows us to conduct Wilcoxson signed-rank test. For the rest of the runs, we conducted non-

parametric Sign test.  

Except for Run7, the results of the tests are not statistically significant. Positive t-value of 

the dependent T-Test for Run 6 and the mean values of the descriptive statistics for Run 9 

show that performing the task on the large display produced more blinks than the small 

display. For the rest of the runs, the number of blinks is higher in the condition small display. 

However, this difference is statistically significant only for the Run 7.  

Studying Table 12, we cannot conclude that the display size has any influence on the 

cognitive load at the run level. 



65 
 

Table 12. Results of the dependent T-Test, Wilcoxson signed-rank test and Sign test for the gaze 

event Blink, Large vs. Small display comparison. Normality is checked with the Shapiro-Wilk 

test. 

 

 

 

However, it is interesting to study the difference between the mean number of blinks of the 

large and small display not for every run, but for the whole task. Table 13 shows the 

 

No Blink/s 

-Large vs. Small 

Display 

Descriptive 

Statistic 

Shapiro-

Wilk 

Test 

Dependent 

T-Test 

Symme

tricity 

Wilcoxson  

Test 

Sign 

Test 

Mean 

No 

Blink/s 

Std. 

Deviation 

 

  

 p- 

value 

 

 t-

value 

 

 p-

value 

 

Skew 

ness  

 

 z-

score 

 

 p-

value 

 

 p-

value 

 

Pair 1 

 

R1L 0.064 0.142  

0.000 

   

1.034 

   

0.238 
R1S 0.080 0.127 

 

Pair 2 

 

R2L 0.085 0.155  

0.000 

   

-0.974 

   

0.824 
R2S 0.096 0.167 

 

Pair 3 

 

R3L 0.090 0.157  

0.069 

 

-0.961 

 

0.344 

    

 
R3S 0.112 0.148 

 

Pair 4 

 

R4L 0.090 0.143  

0.000 

   

1.442 

   

0.122 R4S 0.108 0.172 

 

Pair 5 

 

R5L 0.089 0.149  

0.001 

   

1.303 

   

0.150 
R5S 0.107 0.150 

 

Pair 6 

 

R6L 0.108 0.171  

0.100 

 

0.279 

 

0.782 

 

 

   

R6S 0.103 0.141 

 

Pair 7 

 

R7L 0.089 0.150  

0.002 

   

-1.430 

   

0.005 
R7S 0.134 0.185 

 

Pair 8 

 

R8L 0.095 0.146  

0.002 

 

   

0.936 

   

0.122 
R8S 0.106 0.123 

 

Pair 9 

 

R9L 0.109 0.169  

0.000 

 

   

1.890 

   

1.000 R9S 0.094 0.110 

 

Pair 10 

 

R10L 0.096 0.131  

0.027 

   

0.296 

 

-0.167 

 

0.868 

 

R10S 0.100 0.139 
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comparison of the number of saccades per second collected for the whole task between the 

large and small displays.  

From Table 13, we can observe that the data is not normally distributed (𝑝 = 0.023) and we 

cannot conduct dependent T-Test. The data is fairly symmetric (𝑠𝑘𝑒𝑤𝑛𝑒𝑠𝑠 = 0.418) and we 

are allowed to conduct Wilcoxson signed-rank test.  

 

Table 13. Results of the Wilcoxson signed-rank test for the gaze event Blink averaged for the whole task. 

Large vs. Small display comparison. 

 

 

The result of the Wilcoxson signed-rank test is statistically significant, which means that the 

number of blinks for the whole task differs significantly between the large and small displays. 

The negative z-score of the Wilcoxson signed-rank test shows that the number of blinks 

produced on the small display is higher than the number of blinks produced on the large 

display and this difference is statistically significant.  

Using gaze event blink, we could not find the statistically significant difference between our 

two conditions at the different level of cognition (for every run of the task). However, the 

mean number of the blinks for the whole task differs significantly between the large and 

small displays. Respectively, using the measure blinks, we can conclude that large display 

yields higher cognitive load at the task level. 

 

 

 

Ʃ o Blink/s 

Large vs. Small 

Display 

Descriptive 

Statistic 

Shapiro-

Wilk 

Test 

Dependent T-

Test 

Symmet-

ricity 

Wilcoxson 

Test 

Mean No 

Blink/s 

Std. 

Deviation 

  

  p-value 

 

t-value 

 

p-value 

 

Skewness  

 

z-score 

p-

value 

Large Display 0.091 0.139  

0.023 

   

0.418 

 

-2.126 

 

0.033 
Small Display 0.104 0.128 
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8.4 Pupil dilation 
 

Pupil dilation is the most investigated eye movement and it has been shown that higher 

cognitive load leads to an increment of the pupil diameter [20][18][10]. But we want to know 

how the pupil dilation change while increasing the cognitive load in visual search and if these 

changes follow the same pattern for the large and small displays.  

In this section, we will answer to our 4th research sub-question: How do changes in Cognitive 

Load influence pupil dilation in Large and Small displays? To answer to this question, we 

will investigate how the pupil dilation changes from the OnRun period, where the participant 

is in active search (higher cognitive load) to OffRun period, where the participant is in resting 

state (lower cognitive load). We will present results for each condition separately.  

 

Large display 
 

For the condition Large display, we conducted statistical tests to compare the pupil dilation 

recorded in OnRun and OffRun periods. If the data is normally distributed, we conducted 

dependent T-Test. If the data is not normally distributed but fairly symmetric, we conducted 

Wilcoxson signed-rank test. If the data violates the assumptions of both statistical tests, we 

conducted Sign test.  

Table 14 shows the results of the comparison for the large display. The data collected in the 

Run 2, Run 3, Run 6, Run 7, Run 8 and Run 10 are normally distributed and we can conduct 

dependent T-Test. The data from the Run 1 and Run 9 are fairly symmetric which allows us 

to conduct Wilcoxson signed-rank test. For the rest of the runs, we conducted non-parametric 

Sign test.  

The results of the tests are statistically significant for the Run 3, Run 6, Run 7 and Run 8. For 

the rest of the runs, the difference of the pupil dilation between our two conditions is not 

statistically significant.  
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Table 14. Results of the dependent T-Test, Wilcoxson signed rank-test and Sign test for the gaze event 

Pupil dilation, condition Large display. Normality is checked with the Shapiro-Wilk test. 

 

 

The positive z-score of the Wilcoxson test for the Run 1 indicates larger pupil diameter in the 

OnRun period. Although, t-values of the dependent T-Test and mean values from the 

descriptive statistics show that the average diameter of the pupil was larger during the OffRun 

period than the OnRun period for all runs except Run 1, these differences are statistically 

significant only for 4 runs.  

 

Pupil dilation 

-Large display 

Descriptive 

Statistic 

Shapiro

-Wilk 

Test 

Dependent T-

Test 

Symmet-

ricity 

Wilcoxson 

Test 

Sign 

Test 

Mean 

diam. 

pupil 

Std. 

Deviation 

  

  p-value 

 

 t- 

value 

 

p-

value 

 

Skewness  

 

z-score 

 

p-

value 

 

p-

value 

 

Pair 1 

 

R1on 2.593 0.361  

0.028 

 

 

  

-0.086 

 

1.556 

 

0.120 

 

R1off 2.571 0.371 

 

Pair 2 

 

R2on 2.483 0.348  

0.245 

 

-0.421 

 

 

0.676 

    

R2off 2.492 0.366 

 

Pair 3 

 

R3on 2.484 0.320  

0.186 

 

-4.098 

 

 

0.000 

    

R3off 2.538 0.347 

 

Pair 4 

 

R4on 2.528 0.342  

0.000 

  

 

 

-1.995 

   

0.058 R4off 2.579 0.371 

 

Pair 5 

 

R5on 2.545 0.363  

0.000 

   

2.795 

   

0.059 
R5off 2.563 0.388 

 

Pair 6 

 

R6on 2.528 0.342  

0.093 

 

-4.034 

 

0.000 

    

R6off 2.593 0.366 

 

Pair 7 

 

R7on 2.527 0.354  

0.167 

 

-2.965 

 

0.006 

    

R7off 2.584 0.389 

 

Pair 8 

 

R8on 2.532 0.358  

0.218 

 

-2.311 

 

0.027 

    

R8off 2.580 0.398 

 

Pair 9 

 

R9on 2.517 0.356  

0.003 

 

 

  

0.477 

 

-1.573 

 

0.116 

 

R9off 2.535 0.391 

 

Pair 10 

 

R10on 2.524 0.357  

0.522 

 

-0.436 

 

0.666 

    

R10off 2.532 0.386 
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From Table 14, we can study that the size of the pupil is larger during the OffRun period than 

the OnRun period. However, after conducting statistical tests, we cannot conclude that higher 

cognitive load leads to a decrement of the pupil diameter on condition Large display.  

 

Small display 
 

For the condition Small display, we followed the same procedure as for the condition Large 

display. Table 15 shows the results of the statistical tests. Except Run 4, Run 7 and Run 10, 

the rest of the data are normally distributed which allows us to conduct dependent T-Test. 

For the Run 10, we conducted Wilcoxson signed-rank test, since the data is symmetrical in 

shape (𝑠𝑘𝑒𝑤𝑛𝑒𝑠𝑠 = −0.127). For the Run 4 and Run 7, the Sign test was conducted.  

Except the Run 1, the results of the tests are statistically significant which means that the 

average diameter of the pupil recorded in the OnRun and OffRun periods differ significantly. 

The positive t-value of the dependent T-Test for the Run 1 indicates larger pupil diameter for 

the OnRun period. However, negative t-values, negative z-score and mean values of the 

descriptive statistics show that for the rest 9 runs the average diameter of the pupil for the 

OffRun period is higher than the average diameter of the pupil for the OnRun period and 

these differences are statistically significant for all 9 runs.  

Studying Table 15, we can conclude that in contrast to the condition Large display, in 

condition Small display the pupil dilation is an indicator to the level of cognition and higher 

cognitive load leads to a decrement of the pupil diameter.  

In the condition Large display, we could not conclude that higher cognitive load leads to a 

decrement of the pupil diameter, however, from the descriptive statistics, we saw that pupil 

diameter recorded during the OnRun period (higher cognitive load) is lower than the 

OffRun period (lower cognitive load).  
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Table 15. Results of the dependent T-Test, Wilcoxson signed rank-test and Sign test for the gaze event 

Pupil dilation, condition Large display. Normality is checked with the Shapiro-Wilk test. 

 

 

 

It is worth to mention that only for the Run 1 the average pupil diameter for the OnRun 

period is larger than the OffRun period on both conditions. In the beginning of the task, 

pupils are very sensitive to the light produced on the displays. Due to this pupillary 

 

Pupil dilation 

-Small display 

Descriptive 

Statistic 

Shapiro

-Wilk 

Test 

Dependent T-

Test 

Symmet

-ricity 

Wilcoxson 

Test 

Sign 

Test 

Mean 

diam. 

pupil 

Std. 

Deviation 

  

  p-value 

 

t-value 

 

p-

value 

 

Skewness  

 

z-

score 

 

p-

value 

 

p-

value 

 

Pair 1 

 

R1on 2.816 0.428  

0.818 

 

1.008 

 

0.321 

    

R1off 2.788 0.483 

 

Pair 2 

 

R2on 2.688 0.437  

0.991 

 

-2.863 

 

0.007 

    

R2off 2.740 0.449 

 

Pair 3 

 

R3on 2.716 0.414  

0.082 

 

-2.383 

 

0.023 

    

R3off 2.760 0.437 

 

Pair 4 

 

R4on 2.680 0.396  

0.003 

 

 

 

 

 

-1.491 

   

0.024 R4off 2.751 0.431 

 

Pair 5 

 

R5on 2.707 0.419  

0.391 

 

-2.698 

 

0.011 

    

R5off 2.749 0.453 

 

Pair 6 

 

R6on 2.711 0.419  

0.395 

 

-4.532 

 

0.000 

    

R6off 2.777 0.446 

 

Pair 7 

 

R7on 2.694 0.414  

0.004 

 

 

 

  

0.929 

   

0.001 
R7off 2.750 0.462 

 

Pair 8 

 

R8on 2.702 0.420  

0.468 

 

-2.802 

 

0.008 

    

R8off 2.750 0.442 

 

Pair 9 

 

R9on 2.677 0.404  

0.211 

 

-2.679 

 

0.011 

    

R9off 2.720 0.432 

 

Pair 10 

 

R10on 2.688 0.418  

0.025 

   

-0.127 

 

-2.992 

 

0.003 

 

R10off 2.7355 0.458 
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response in the first run the size of the pupil is higher. For later runs, pupils adjust to the 

light of the display.  

From the results of the condition Small display, we have learned that the differences between 

the data collected during the OnRun period (higher cognitive load) and OffRun period (lower 

cognitive load) are statistically significant and the average diameter of the pupils is higher 

on the OffRun period. For the condition Large display, we could not find the statistical 

differences between these two periods, however, using the mean values from the descriptive 

statistics, we can argue that higher cognitive load leads to a decrement of the pupil diameter.   

Using this knowledge in the next section, we will conduct the statistical analysis to 

understand how the pupil dilation changes between the large and small displays.  

 

Large vs. Small display 
 

As we already discussed, pupil dilation can be used as an indicator of the level of cognition. 

And we concluded that higher cognitive load leads to a decrement of the pupil diameter. 

Using this knowledge, we can conduct another test to understand if there is a difference in 

cognitive load while participant performing the task on the large and small displays. 

In this regard, we will compare the mean values of the pupil diameter between the large and 

small displays. For comparison, we will use the data recorded only in the OnRun period.  

Table 16 shows the results of the comparison between two conditions. For all 10 runs the 

data is normally distributed and we are allowed to conduct dependent T-Test. The results of 

the test are statistically significant in every run. It means that the average pupil diameter 

recorded in two different conditions differ significantly. The negative t-values of the 

dependent T-Test indicate the larger pupil diameter for the condition Small display.  

Using gaze event pupil dilation, we found the statistically significant difference between our 

two conditions on a different level of cognition (for every run of the task). Respectively, 

display size has an influence on the cognitive load at the run level. Therefore, we do not see 

the necessity to conduct the statistical test to compare the average pupil diameter for the 

whole task between our two conditions.  



72 
 

Table 16.  Results of the dependent T-Test. The gaze event Pupil dilation, Large vs. Small 

display comparison. Normality is checked with the Shapiro-Wilk test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pupil dilation 

-Large vs. Small 

Display 

Descriptive 

Statistic 

Shapiro-

Wilk 

Test 

Dependent T-

Test 

Mean 

diam. of 

pupil 

Std. 

Deviation 

 

 p-value 

 

t-value 

 

p-value 

 

Pair 1 

 

R1L 2.593 0.361  

0.250 

 

-6.633 

 

0.000 
R1S 2.816 0.428 

 

Pair 2 

 

R2L 2.483 0.348  

0.171 

 

-6.311 

 

0.000 
R2S 2.688 0.437 

 

Pair 3 

 

R3L 2.484 0.320  

0.094 

 

-7.778 

 

0.000 
R3S 2.716 0.414 

 

Pair 4 

 

R4L 2.528 0.342  

0.240 

 

-6.541 

 

0.000 R4S 2.680 0.393 

 

Pair 5 

 

R5L 2.545 0.363  

0.273 

 

-6.248 

 

0.000 
R5S 2.707 0.419 

 

Pair 6 

 

R6L 2.528 0.342  

0.324 

 

-6.782 

 

0.000 
R6S 2.711 0.419 

 

Pair 7 

 

R7L 2.527 0.354  

0.189 

 

-6.889 

 

0.000 
R7S 2.694 0.414 

 

Pair 8 

 

R8L 2.532 0.358  

0.901 

 

-5.984 

 

0.000 
R8S 2.702 0.420 

 

Pair 9 

 

R9L 2.517 0.356  

0.881 

 

-6.060 

 

0.000 R9S 2.677 0.404 

 

Pair 10 

 

R10L 2.524 0.357  

0.993 

 

-6.843 

 

0.000 
R10S 2.688 0.418 
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8.5  NASA TLX and the level of performance 
 

In this section, we will discuss the results of Nasa TLX questionnaire and the performance 

of the participants. The idea behind using NASA TLX questionnaire is to assess the influence 

of the display size on the cognitive load more in a subjective way. Additionally, using the 

number of correct answer given by participants as measurements will help us to investigate 

the influence of the display size on the level of cognition.  

In the next chapter, we will discuss how the objective results gained with the help of eye-

tracking technology correlate with the results of the NASA TLX questionnaire and the 

performance of the participants.  

 

Nasa TLX 
 

NASA TLX questionnaire is a rating procedure to rate overall workload score [30]. The 

questionnaire includes six subjects: mental demand, physical demand, temporal demand, 

performance, effort and frustration. Each subject has 20 scales to rate. Each scale is rated 

with 5 points. The minimum point that each subject can be ranked is 5, the maximum is 100.  

Table 17 shows the results of the comparison between the large and small displays. The data 

is normally distributed only for the subject Performance and we conducted dependent T-Test 

for this data. For the rest of the subjects, we conducted Sign test, since the data did not fulfill 

the requirements of the Wilcoxson signed-rank test as well.  

From Table 17, we can observe that the results of the tests are not statistically significant. 

However, from the mean values of the descriptive statistics, we can see that except the subject 

Performance, for the rest of the subjects, condition Large display has higher points than the 

condition Small display. However, none of these differences are statistically significant. The 

negative t-value of the dependent T-Test for the subject Performance shows that participants 

rated their performance higher on the small display, however, this result is statistically not 

significant either.  
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Table 17. Results of the dependent T-Test and Sign test for the dependent variable Nasa TLX, Large vs. 

Small display comparison. Normality is checked with the Shapiro-Wilk test. 

 

 

 

Performance 
 

As we discussed in the experimental design, implemented visual search task creates the log 

file at the end of the task. This file contains the real time of the clicks on the target item. 

Using this information, we counted the number of correct clicks for all participants on the 

large and small display. In this section, we will compare the performance of the participants 

while performing the task on the large and small displays.    

Table 18 shows the results of the statistical tests for the number of correct answers. Except 

Run 9, the data is not normally distributed. For the Run 9, we conducted dependent T-Test. 

The data from the Run 5, Run 7 and Run 10 are moderately skew, which means the non-

parametric Sign test can be conducted. For the rest of the runs, we conducted Wilcoxson 

signed-rank test.  

 

Nasa TLX 

-Large vs. Small 

Display 

Descriptive 

Statistic 

Shapiro

-Wilk 

Test 

Dependent T-

Test 

Symmet

-ricity 

Wilcoxson 

Test 

Sign 

Test 

Avera

ge 

rank 

Std. 

Deviation 

  

  p-value 

 

t-value 

 

p-

value 

 

Skewness  

 

z-

score 

 

p-

value 

 

p-

value 
Mental 

demand 

 

Large 13.353 5.039  

0.007 

   

1.189 

   

0.701 
Small 12.500 4.568 

Physical 

demand 

 

Large 7.265 5.744  

0.000 

   

1.861 

   

0.832 
Small 6.382 5.211 

Temporal 

demand 

 

Large 13.471 4.350  

0.048 

   

0.686 

   

0.362 
Small 12.324 4.036 

Performan

ce 

 

Large 10.147 3.332  

0.173 

 

-1.011 

 

0.320 

 

 

   

 Small 10.971 3.973 

 

Effort 

 

Large 14.471 3760  

0.005 

   

1.291 

   

0.860 
Small 13.765 4.171 

 

Frustration 

 

Large 9.735 5.976  

0.006 

   

0.680 

   

0.832 
Small 9.529 5.780 
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Table 18. Results of the dependent T-Test, Wilcoxson test and Sign test for the dependent variable 

Performance, Large vs. Small display comparison. Normality is checked with the Shapiro-Wilk test. 

 

 

Except the Run 6, the results of the tests are not statistically significant. Additionally, from 

the mean values of the descriptive statistics, we can observe that for the Run 1, Run 8 and 

Run 9 the number of correct answers given on the large display is higher. For the rest 7 runs, 

 

No Correct Answers 

Large vs. Small 

displays 

 

Descriptive 

Statistic 

Shapiro-

Wilk 

Test 

Dependent 

T-Test 

Symmet-

ricity 

Wilcoxson 

Test 

Sign 

Test 

No 

Correct 

answers 

Std. 

Deviation 

  

  p-value 

 

t-

value 

 

p-

value 

 

Skewness  

 

z-

score 

 

p-

value 

 

p-

value 

 

Pair 1 

 

R1Large 2.941 0.239  

0.000 

   

0.309 

 

 

0.277 

 

0.782 

 

R1Small 2.912 0.288 

 

Pair 2 

 

R2Large 2.618 0.604  

0.000 

   

0.186 

 

-0.806 

 

0.420 

 

R2Small 2.735 0.448 

 

Pair 3 

 

R3Large 2.118 0.978  

0.005 

   

-0.098 

 

-0.653 

 

0.513 

 

R3Small 2.235 0.781 

 

Pair 4 

 

R4Large 1.735 0.898  

0.016 

   

-0.276 

 

-1.125 

 

0.260 

 

R4Small 1.971 0.834 

 

Pair 5 

 

R5Large 1.412 0.925  

0.003 

   

0.628 

 

 

  

0.383 
R5Small 1.441 0.927 

 

Pair 6 

 

R6Large 1.147 0.784  

0.027 

   

-0.153 

 

-2.225 

 

0.026 

 

R6Small 1.706 1.001 

 

Pair 7 

 

R7Large 1.059 0.952  

0.003 

   

-0.646 

   

0.523 
R7Small 1.088 0.866 

 

Pair 8 

 

R8Large 1 0.739  

0.004 

   

-0.375 

 

0.900 

 

0.368 

 

R8Small 0.824 0.797 

 

Pair 9 

 

R9Large 0.882 0.913  

0.052 

 

0.423 

 

0.675 

 

 

   

R9Small 0.794 0.914 

 

Pair10 

 

R10Large 0.794 0.729  

0.006 

   

-0.605 

   

1.000 
R10Small 0.853 0.821 
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the number of correct answers given on the small display is higher. However, these 

differences are statistically significant only for the Run 6. 
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9. Discussion 

 

In this chapter, we will discuss the results presented in the previous chapter. In the results 

chapter, we conducted statistical tests to understand the effect of the cognitive load on each 

eye tracking measurement and investigated the influence of the display size on each eye 

tracking measurement which have direct relation to the cognitive load. Thus, we investigated 

the influence of the display size on the cognitive load.  

We will discuss how each gaze event is applicable to answer our main research questions:  

How does the display size influence cognitive load in visual search tasks?  

Additionally, the correlation between the results of the objective and subjective data analysis 

will be presented.  

 

9.1  Fixation 
 

With the statistical tests conducted for the gaze event fixation, we can answer to our 1st 

research sub-question: How do changes in Cognitive Load influence fixation in Large and 

Small displays?  

In the 1st phase of the analysis, the results of the tests were statistically significant for both 

conditions. And we found that higher cognitive load leads to a higher number of fixations.  

This finding is in line with the previous work done by Barreras [10].  

However, in the second phase of our analysis, we did not find any statistically significant 

differences between the number of fixation of the large and small displays. First, we 

conducted a test to compare the number of fixation on each run. Only in two runs the results 

were statistically significant, thus, the large display was cognitively demanding.  

Additionally, we conducted the statistical test not on each run but for the whole task. Again, 

we did not find any statistically significant differences between our two conditions.  
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Figure 22 illustrates the average number of fixations recorded during the active search on 

every run. Observing the figure, we can see that except the 1st, 9th, and 10th run, the number 

of fixations recorded on the large display is slightly higher.   

 

Figure 22. Comparison between the mean values of the number of fixations recorded for each run on the 

large and small displays. Data recorded during OnRun period (active search). 

 

Additionally, Figure, 23 shows the average number of fixations recorded during the OnRun 

period for the whole task. As we can see, performing the task on the large display produced 

slightly higher number of fixations which is the indicator of the higher cognitive state.  

 

 

Figure 23. Average number of fixations recorded during the active search (OnRun) for the whole task.  
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However, based on the statistical analysis, we did not find statistically significant differences 

between our conditions using the measure fixation. Analysing mean values shows that there 

is a tendency for the large display to lead higher cognitive load, however, we will conclude 

that, the display size has almost no influence on the cognitive load in visual search task. 

 

9.2  Saccade 
 

In this section, we can answer to our 2nd research sub-question based to our statistical 

analysis: How do changes in Cognitive Load influence saccade in Large and Small displays?  

In the 1st phase of the analysis, the results of the tests were statistically significant for both 

conditions. And we found that higher cognitive load leads to a higher number of saccades.  

This finding is in line with the previous work done by Barreras [10].   

In the second phase of the analysis, we conducted the tests to compare the mean number of 

saccades between the large and small displays.  Statistical tests conducted for each run of the 

tests shows that there are not statistically significant differences between our conditions 

except Run 4. Additionally, we conducted another test to compare the number of saccades 

for the whole task and we found statistically significant differences between the large and 

small displays.  

Figure 24 illustrates the average number of saccades recorded on the large and small displays. 

From the figure, we can observe that except the first and last runs, the number of saccades 

produced on the large display is higher.  

Additionally, from the Figure 25, one can see that the average number of saccades recorded 

for the whole task is higher on condition Large display.  

As for the measurement fixation, for the measurement saccade we can see that there is a 

tendency for the large display leading to a higher cognitive load. Additionally, in the previous 

chapter, we found statistically significant difference between the large and small displays. 

Thus, performing the on the large display produces higher number of saccades.  
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Based on our statistical analysis, we can conclude that large display leading to a higher 

cognitive load.  

 

 

Figure 24. Comparison between the mean values of the number of saccades recorded for each run on 

the large and small displays. Data recorded during OnRun period (active search). 

 

 

 

 

Figure 25. Average number of fixations recorded during the active search (OnRun) for the whole task. 
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9.3 Blink 
 

Based to the statistical analysis, we will answer to our 3rd research sub-question: How do 

changes in Cognitive Load influence blinks in Large and Small displays?  

In the 1st phase of the analysis, the results of the tests for the condition Large display were 

statistically significant for all runs. For the condition Small display except one run, we also 

found the statistically significant differences. And we concluded that higher cognitive load 

leads to a lower number of blinks.  This finding is in line with the previous work done by 

Barreras [10].   

In the second phase of the analysis, we conducted the tests to compare the mean number of 

blinks between the large and small displays. First, we conducted statistical tests for each run.  

Except Run 7, we did not find statistically significant differences between our two conditions. 

Additionally, we conducted another test to compare the number of blinks for the whole task 

and we found statistically significant differences between the large and small displays.  

Figure 26 illustrates the average number of blinks recorded during the active search on every 

run. Observing the figure, we can see that except the 6th and 9th run, the number of blinks 

recorded on the small display is higher.  

 

 

Figure 26. Comparison between the mean values of the number of blinks recorded for each run on the 

large and small displays. Data recorded during OnRun period (active search). 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

1 2 3 4 5 6 7 8 9 10

Large display Small display



82 
 

Additionally, from Figure 27, we can observe that the average number of blinks recorded for 

the whole task is significantly higher for the condition Small display.  

 

Figure 27. Average number of blinks recorded during the active search (OnRun) for the whole task. 

 

Based to the results, we can conclude that performing the task on the large display is more 

cognitively demanding. 

 

9.4  Pupil dilation 
 

Pupil dilation is the most investigated gaze event which has a direct relation to the cognitive 

load. And many researches show that higher cognitive load leads to an increment of the pupil 

diameter [10][20]. However, our findings with this gaze event are in contrast with other 

researches.  

Based to the statistical analysis, we will answer to our 4th research sub-question: How do 

changes in Cognitive Load influence blinks in Large and Small displays?  

In the first phase of the analysis, the results of the test for condition Small display were 

statistically significant, except the 1st run. And the average diameter of the pupil recorded for 

the OnRun period (higher cognitive load) was significantly lower than OffRun (lower 

cognitive load) period. This finding is in contrast with previous researches investigated the 

relation between pupil dilation and cognitive load.  
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For the large display, however, only in 4 runs we found statistically significant differences. 

Additionally, from the Figure 28, we can observe that for most of the runs the average pupil 

diameter for the OffRun period is higher. Therefore, we can conclude that in frame of our 

research, higher cognitive load leads to a decrement of the pupil diameter.  

 

Figure 28. Comparison between the mean values of the pupil diameter recorded for each lap on the large 

display.  

In the second phase of the analysis, we conducted the statistical test to compare the average 

pupil diameter recorded on the large and small displays. The results of the statistical tests 

were significant for every run. And we concluded that the pupil diameter of the participants 

was larger on the condition Small display.  

 

 

Figure 29. Comparison between the mean values of the pupil diameter recorded for each lap on the 

large and small displays. Data recorded during OnRun period (active search). 
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Additionally, from Figure 29, one can observe that the average pupil diameter for the 

condition Large display is lower for every lap of the task.   

As in the first phase of the analysis, we concluded that higher cognitive load leads to a 

decrement of the pupil diameter in the visual search task, for the second phase of the analysis 

we can say that performing the task on the large display produces higher cognitive load. 

Even though the finding in the first phase of analysis are contrast with the previous works, 

the finding in the second phase of analysis supports our results of the other gaze events.  

Therefore, using pupil dilation, we can conclude that the large display produces higher 

cognitive load in visual search task. 

 

9.5 NASA TLX and performance 
 

In this subsection, we will answer to our 5th research sub-question: How do the results of 

NASA TLX questionnaire and the users’ performance correlate with the results gained with 

the help of eye-tracking technology?  

As we described in the previous chapter, we did not find any statistically significant 

differences between the subjective data of the large and small displays. However, will not 

rely on the strict statistical analysis as for gaze event. For the results of the NASA TLX 

questionnaire and the number of right answers we will discuss the differences of the mean 

values.  

From Figure 30, we can see that except the subject Performance, for the rest subjects the 

mean values are higher for condition Large display. On the subject Performance, participants 

rated the small display higher than the large display.  

Observing the result of the NASA TLX questionnaire, we can conclude that the large display 

required more mental and physical effort to perform the task which is in line with our finding 

using the gaze events.  
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Figure 30. The results of the NASA TLX questionnaire. 

 

To assess the influence of the display size on the performance of participants, we will follow 

the same procedure. In the previous chapter, we did not find statistically significant 

differences between the number of right answers of the large and small displays. Therefore, 

we will discuss the mean values of the number of right answers.  

 

 

Figure 31. The mean numbers of the right answers for each run. 
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As we can see from Figure 31, the number of right answers for both conditions are decreasing 

while increasing the task complexity and except the 8th and 9th run, the number of right 

answers are higher on the condition Small display.  

 

 

Figure 32 Average number of right answers given on each condition for the whole task. 

 

Additionally, from Figure 32, we can see that the average number of correct answers given 

on the condition Small display is slightly higher.  

Although, we did not find statistically significant differences between our two conditions 

using NASA TLX questionnaire and the level of performance, we can still conclude that 

there is a tendency for the large display leading to a higher cognitive load.  

 

9.6  Summary 
 

In this section, we concluded that cognitive load has a direct influence on each gaze 

movement in the visual search task. Furthermore, changes on the level of cognition leads to 

the changes on the gaze measurements in the same way for both – small and large displays.  

Conducting the analysis, we were able to answer to our main research questions: 

How does the display size influence cognitive load in visual search tasks? 
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We answered to our research question using gaze measurements, NASA TLX questionnaire 

and the performance rate of the participants.  

Using the metric fixation, we showed that display size does not influence the cognitive load 

in visual search task and performing the task on the large and small displays yields almost 

the same cognitive load. However, using the gaze measurements saccade, blinks and pupil 

dilation, we showed that display size has a little influence on the cognitive load, thus, 

performing the task on the large display tends to produce higher cognitive load.  

Additionally, the result of the analysis of performance rate and NASA TLX questionnaire 

are in line with the aforementioned findings.  

In our research, we found unexpected results related to the pupil dilation. However, with the 

help of pupil dilation, we were able to answer to our main research question. And the results 

for this gaze event was in line with the results of other dependent variables.  

Furthermore, in the end of our experiment, we asked a direct question to the participants in 

the post-questionnaire (see Appendix A): Which screen did you find most difficult to work 

with?   

18 out of 34 participants found the large display and 15 participants the small display difficult 

to work with. One participant believed that display size did not affect her performance.  
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10. Conclusion and future work 

 

In this thesis, we conducted an empirical analysis to understand how the display size 

influence the cognitive load in visual search tasks. Through the literature review, we have 

learned that the level of cognitive state has a direct influence on the eye movements and using 

eye-tracking technology the level of cognition can be estimated. Therefore, we also used the 

eye tracking technology as a tool to measure the cognitive state.  

After the first phase of our analysis, we have also concluded that it is possible to measure 

cognitive load in visual search tasks using measurements such as fixation, saccade and blinks 

and these findings are in line with the findings of the research conducted by Barreras [10]. 

Additionally, we showed that these findings are valid not for one display, but for different 

sized displays.  

However, for the gaze event pupil dilation, our findings are in contrast with the previous 

findings on the relation the level of cognition and the pupillary response. One possible 

explanation for this could be the different way of analysing the data. We used statistical tests 

to analyse the pupil dilation, namely, we compared the average pupil diameter collected on 

the high and low level of the cognitive states. However, in the previous work, Barreras [10] 

analysed the pupil dilation using not statistical tests, but the time series analysis.  

Although, our result for the gaze event pupil dilation does not match with the previous works, 

we have found significant differences between the data collected during the higher and lower 

cognitive load.  

After finishing the first phase of our analysis, we answered to each research sub-questions 

and we have learned how the changes in cognitive load influence each gaze measurement on 

the large and small displays.  

After finishing the second phase of our analysis, we were able to answer to our main research 

question and we concluded that large display leads to a slightly higher cognitive load in visual 

search tasks. 
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Additionally, using gaze measurements fixation, saccade and blinks, we showed that 

difference between the cognitive load for two displays are not detectable for short period of 

time. Thus, at the run level, we did not find any statistically significant differences between 

our two conditions. However, the difference was detectable only at the task level (longer 

period of time) and using these gaze measurements, we showed that there is a tendency for 

the large display leading to a slightly higher cognitive load.  

As a future work, it would be interesting to conduct an experiment not in the controlled lab 

environment, but investigate the influence of the display size during the real search activities, 

e.g. searching the number of the lecture room on the large and small displays or checking the 

timetable using different sized displays. However, one has to be careful with the 

measurement pupil dilation while conducting the field study, since lights from the 

environment can cause a pupillary response.  

Additionally, investigating the relation between the cognitive load and other gaze 

measurements such as fixation duration, saccade velocity and even the complex measurement 

scanpath can be suggested as a future work.  
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Appendix B 
 

Content of the USB flash drive 

• This thesis as pdf file 

• The visual search task 

• Programmed Java project for the data preparation 

• Log files generated by the visual search task and log files after each transformation 

phase 

• The raw data exported using eye-tracking software and gaze measurement after 

each step of data preparation 

• Demographic information in Excel file 

• Documents which were used during the experiment 


