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ABSTRACT 

Eye trackers have enabled users to interact with computers for a long time. Yet, there are still many challenges left to be 

solved to make the interaction easy for users with development disabilities. Especially, when it comes to setup eye tracking 

where calibration of the eye tracker is important to get accurate estimation of where users are looking. 

This paper presents a study in which three modified versions of a calibration interface for eye trackers has been designed and 

evaluated by nine participants with development disabilities. These calibration interfaces used regions that were aware of 

when a user gazed at them, gaze-aware regions, and varied in the speed of which a stimulus moved during the calibration and 

how quickly the regions around the stimulus grew. Data was collected for each interface about interaction with the gaze-

aware regions, time to complete a calibration, how many calibration points that were completed and gaze offset from the 

stimulus. No statistically significance was found between the modified interfaces for its efficiency, effectiveness and 

accuracy. However, a stimulus moving quicker and a gaze-aware region growing faster indicated a more effective and 

efficient calibration method without loss in accuracy. Also, if only screen engagement is involved using smooth-pursuit 

calibration could improve the calibration process. 

 

 Användning av regioner medvetna om blicken inom 
kalibrering av ögonstyrning för personer med låg 

fokuseringsförmåga 
REFERAT 

Ögonstyrning har under en längre tid möjliggjort interaktion för användare. Dock är det fortfarande många utmaningar för att 

göra interaktionen lätt för användare med intellektuella funktionsnedsättningar. Framförallt när det kommer till inställningar 

för ögonstyrning, där kalibrering har visat sig vara viktigt för att ge en noggrann uppskattning vart användarna fokuserar. 

Denna rapport presenterar en studie där tre modifierade versioner av ett kalibreringsgränsnitt för ögonstyrning har blivit 

designat och utvärderat av nio deltagare med låg fokuseringsförmåga. Dessa gränssnitt använde regioner som var medvetna 

när en användare tittade inom dom, så kallade blickmedvetna regioner, och varierade i vilken hastighet ett stimuli rörde sig 

och hur snabbt regionerna runt ett stimuli växte. Data samlades in för varje gränssnitt om interaktionen med de 

blickmedvetna regionerna, tiden för att genomföra kalibreringen, antal avklarade kalibreringspunkter och avståndet mellan 

användarnas blick och stimuli. Ingen statistisk signifikans hittades mellan de modifierade gränssnitten mellan tidseffektivitet, 

effektivitet och noggrannhet. Däremot indikerades en mer tidseffektiv och effektiv kalibreringsmetod, utan minskad 

noggrannhet, genom användningen av ett stimuli som rör sig snabbare med blickmedvetna regioner som växer. Dessutom 

skulle kalibreringsprocessen kunna förbättras om enbart engagemang med skärmen används genom smooth-pursuit 

kalibrering   
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ABSTRACT 

Eye trackers have enabled users to interact with computers 

for a long time. Yet, there are still many challenges left to 

be solved to make the interaction easy for users with 

development disabilities. Especially, when it comes to setup 

eye tracking where calibration of the eye tracker is 

important to get accurate estimation of where users are 

looking. 

This paper presents a study in which three modified 

versions of a calibration interface for eye trackers has been 

designed and evaluated by nine participants with 

development disabilities. These calibration interfaces used 

regions that were aware of when a user gazed at them, gaze-

aware regions, and varied in the speed of which a stimulus 

moved during the calibration and how quickly the regions 

around the stimulus grew. Data was collected for each 

interface about interaction with the gaze-aware regions, 

time to complete a calibration, how many calibration points 

that were completed and gaze offset from the stimulus. No 

statistically significance was found between the modified 

interfaces for its efficiency, effectiveness and accuracy. 

However, a stimulus moving quicker and a gaze-aware 

region growing faster indicated a more effective and 

efficient calibration method without loss in accuracy. Also, 

if only screen engagement is involved using smooth-pursuit 

calibration could improve the calibration process. 

Author Keywords 

Eye tracking; low-attention span; gaze-aware regions; 

development disabilities 

1 INTRODUCTION 
Gaze-based interaction, when users interact with their eyes, 

has been established in Human-Computer Interaction for a 

long time [15,16]. The eyes and their movements provide 

lots of information which is useful when we are trying to 

identify properties in the visual world [8]. Also, eye gaze is 

a known input method for users to control a computer and 

thereby access different functionalities [10]. With this input 

method, users can control the computer by having regions 

on the screen becoming aware of when the user is gazing 

the area, also called gaze-aware regions [14]. Hence, 

allowing the user to use their gaze for commands such as 

clicking buttons, scrolling a page or emulating a mouse. 

 

However, to accurately know where a user is looking at the 

screen eye trackers need to be calibrated, as each person’s 

eyes are different [1,6,12]. Without proper calibration, the 

eye tracker can only provide rough estimates of the 

direction the eyes are pointing, which is not the same as 

knowing where someone is looking. As a first setup, a 

calibration is normally done by looking at 5-9 dots jumping 

automatically from location to location on a screen, where 

you as a user follow the dots with your eyes [6]. The goal is 

to gaze at each dot one at a time so that the eye tracker can 

learn where the eyes are pointing when looking at each dot. 

When this is done, the calibration result needs to be 

validated in terms of accuracy [2,18] and precision [12], see 

Figure 1. With these parameters, among others, the 

calibration result can be analyzed to verify the quality of a 

calibration. The reason for validating the calibration is to 

understand how good the estimation is of a user’s gaze. 

With higher accuracy and precision, you can minimize the 

mistakes the eye tracker makes which is important when 

your actions are based on where you look.   

 

 

Figure 1. Illustration of accuracy and precision of gaze data in 

eye tracking 
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This process could be tedious [7] and lead to tiredness and 

exhaustion [3], as it requires full attention from the user. 

For users with low-attention span, who easily get distracted 

when completing a task and have difficulties with sustained 

attention, the calibration becomes difficult to succeed with 

and follow through [21]. Therefore, most technologies used 

today support more engaging stimulus as targets instead of 

dots, such as video stimuli or images [21] and less and 

larger calibration targets [4]. For this reason, a modified 

calibration procedure has been developed for people with 

development disabilities who experiences challenges with 

keeping their attention for a longer period on a task, i.e. 

low-attention span. The procedure differentiates in the way 

that it uses engaging stimulus but also regions that are 

aware of when a user gazes nearby the stimulus. 

 

In this paper, I will report on a study of a calibration 

interface for eye trackers designed specifically for people 

with development disabilities who struggles with low-

attention span. The aim is to investigate how gaze-aware 

regions could be used to grab their attention and still get 

accurate calibration result. This will be studied by letting 

people with development disabilities evaluate a novel 

calibration procedure, hence making the procedure more 

manageable and eye trackers more accessible for this target 

group. Gaze-aware regions will be used to only collect 

calibration data when the user is gazing at the target 

stimulus, or nearby. This to avoid the calibration procedure 

to collect data when the user is not present and gazing 

nearby the target.  

2 PROBLEM STATEMENT 

This study is going to focus on design and evaluate a 

calibration interface for eye trackers to people with 

development disabilities who struggles with low-attention 

span. The focus will be to explore how gaze-aware regions 

can improve the effectiveness, efficiency and accuracy of 

the calibration of eye trackers. Therefore, this thesis will 

answer the following question: 

Can gaze-aware regions be designed to improve 

effectiveness, efficiency and accuracy when calibrating eye 

trackers for people with low-attention span? 

3 RELATED WORKS 

The anatomy of the human eye includes multiple parts 

which together makes us perceive objects in our 

environment. How we see is a process of light traveling 

through the cornea and pupil of the eye, flipping the image 

upside down in the lens and projecting it onto the retina 

[12]. There is a small subpart of the retina where the image 

falls when we look directly at something, the fovea, which 

is responsible for the perception of fine details [8]. The 

fovea is normally located with a few degrees offset from the 

optical axis, i.e. the line connecting the cornea center and 

the eyeball center, and may vary up to 3 degrees between 

subjects [9]. Where the fovea is located is important to 

know, as the true gaze direction is assumed to be the line 

connecting the fovea and the center of the cornea [10]. 

To get a coherent picture of our environment, we do so by 

moving our eyes in specific motions. However, the most 

common event in eye tracking data is not a movement but 

instead when the eyes remains still over a period, called a 

fixation [12]. A fixation is defined as when we gaze to a 

region within 1 degree of vision for more than 100 𝑚𝑠. In 

contrast to fixations is a saccade, which describes the 

movement of the eyes to new areas of the visual field 

greater than 2 degrees [17], an event with a duration of 

30 − 80 𝑚𝑠 [12]. Moreover, there is an event when the 

eyes follow a moving target with the same velocity and 

trajectory as the moving target, called smooth pursuit [6]. 

Another event is when the eyes are adjusting the size of the 

aperture in the iris to get correct light levels inside the eye. 

The adjustment can for example occur when the eyes are 

being illuminated which results in changes of the pupil size, 

this event is called pupil dilation [17]. 

When validating the result from a calibration of an eye 

tracker there are normally several parameters checked. 

First, the accuracy of gaze data which both refers to the 

distance between the actual target and the location of a 

presented stimulus [18] or when a target has been gazed 

within a certain threshold offset [2]. Second, the precision 

which refers to the dispersion of fixations around a target 

[12]. And finally, the robustness which refers to how good 

the eye trackers can adapt for a large variety of users, where 

poor robustness can lead to poorer data quality [12]. These 

parameters, among others, are analyzed to validate the 

quality of a calibration result. 

Moreover, there are some conditions that have been noted 

to affect the quality of a calibration result for eye trackers. 

First, external conditions such as ambient lightning [2], 

screen brightness [5], screen setup or the operator assisting 

the user calibrating [13]. Second, human factors such as eye 

color, makeup, glasses, droopy eyelids or lenses [18]. And 

finally, the appearance of the stimulus used in calibration 

regarding the speed, color, contrast [11] and size [2]. These 

conditions do not cover all the challenges that you may 

encounter when doing a calibration but highlight some 

aspects to be aware of. 

In addition to the described challenges, the gaze calibration 

process can be demanding for users with development 

disabilities, especially if you struggle with low-attention 

span, as it requires full attention from the user. Therefore, 

gaze calibration can be impossible to complete due to 

different complications, e.g. seizures from epilepsy [2]. 

Even when the calibration is successful, the settings for the 

calibration may have great impact for individuals who have 

difficulty with sustained attention. First, choosing a lower 

number of calibration targets has been described to 

increases the possibility of a successful calibration [20,21]. 

Second, the stimulus used has affected the outcome of a 

calibration, where a motion-based video increased the 



likelihood for attracting a fixation [20]. And finally, by 

selecting either to have participant, operator or system to 

control the calibration procedure has shown different 

results, where the most accurate is method when 

participants are controlling themselves [12]. 

Because of the calibration process being tedious, there are 

different things to consider to improve the task and make 

the calibration enjoyable and less effortful. Flata et al. [7] 

suggested to add motivating game elements when 

calibrating and thereby solve motivation problems of 

standard calibrations. When the core task for the calibration 

is the motor performance, you can either have shooting 

targets, targeting on-screen or following a moving target. In 

addition to making the calibration enjoyable, Istance and 

Hyrskykari [14] describes how to use a person’s visual 

attention, using gaze as input method, to make systems less 

effortful to use. The proposed solution is to use attentive 

systems, which defines as the computer system changes 

based on the user’s attention. Per the authors, it is then 

important with good response and the system should 

provide feedback of the actions, make the user feel in 

control and still be careful with visual design. Also, 

Pfeuffer et. al. [19] presented a solution for less tedious 

calibration by presenting a solution for smooth pursuit 

calibration with gaze-aware regions. 

4 METHOD 

To investigate how gaze-aware regions affect efficiency, 

effectiveness and accuracy when calibrating eye trackers, a 

study with nine (5F:4M) adult participants was setup in 

which users with development disabilities had to test a 

novel calibration solution. Data was collected about the 

number of times the participants succeeded to calibrate, 

amount of interactions with the gaze-aware region, time it 

took to proceed with the calibration and where the user 

looked at the screen. Also, calibration result provided by 

the eye tracker was collected together with audio and video 

recordings of the calibration session.  

Before the study, a User-Centered Design (UCD) was used 

to design the novel gaze-aware calibration interface later 

evaluated and included three steps: specifying the context, 

define requirements and creating and designing solutions. 

First, interviews were held with seven persons who had 

experience of the calibration process for users with 

development disabilities. The interviews were audio 

recorded, transcribed and aggregated into four categories; 

description of current calibration solutions, challenges 

when calibrating, tips and improvements, and how to 

validate the result. Second, requirements were specified for 

the calibration process and design of calibration stimulus. 

Third, a design solution was made by iterating through 

multiple stages; from a rough concept to a novel solution. 

The design solution was informally evaluated after each 

stage.  

For the main evaluation, participants were placed 60 cm in 

front of a 12-inch computer (Microsoft Surface Pro 4) 

mounted on an adjustable floor stand, see Figure 2, in 

which the calibration interface was shown. A Tobii PCEye 

mini1 eye tracker with 60 Hz update frequency of gaze data 

was connected to the tablet to record participants’ gaze. 

Most participants were seated in their wheelchair with 

brakes, but one participant was seated on a chair that was 

fixed to the floor, to remain the same distance to the screen. 

Their personal assistant was sitting next to them providing 

support when needed. Furthermore, to give coherent 

description of the procedure, a script was used with written 

instructions which was read aloud to all participants and 

their personal assistants. The script included a 10 minutes 

introduction, 15 minutes practicing with eye tracking, 25 

minutes evaluation of calibration interface and 10 minutes 

interview.  Also, all participants’ legal representative signed 

a consent form before the session started. Audio and video 

recordings were taken and analyzed into key takeaways 

from both participant’s actions and their personal assistant’s 

interpretation of the participant. 

 

Figure 2. Experimental setup with participant and their 

personal assistant 

Before the main evaluation session, a pre-study was 

conducted with one user with development disabilities and 

a low-attention span, this to verify the main setup of the 

evaluation session. In the pre-study, three modifications of 

the calibration interface were tested and the script for the 

main evaluation session was verified, the same 

modifications were used for the main evaluation.  

In the main evaluation session, participants were mainly 

selected from a collaboration with the Swedish Inheritance 

Fund (Allmänna Arvsfonden) called “Vi vill bidra”. All 

participants were asked to fill in a questionnaire beforehand 

about their experience of eye tracking and challenges they 

may have related to calibrating eye trackers. This to verify 

that recruited participants were suited for the study and 

within the target group of users with development 

disabilities who experiences difficulties to keep attention at 

a computer monitor. 

                                                           
1https://www.tobiidynavox.com/devices/Eye-Gaze- 

Devices/PCEye-Mini  

https://www.tobiidynavox.com/devices/Eye-Gaze-Devices/PCEye-Mini
https://www.tobiidynavox.com/devices/Eye-Gaze-Devices/PCEye-Mini


The evaluation took place at two separated locations, both 

inside an isolated room with controlled lightning and 

without external disturbances. In both sessions, the same 

experimental setup was used, as described before, to 

provide same conditions when comparing the results. For 

the first place, no participants were familiar with the 

location and the whole experience was new to them. 

However, for the second location, all participants were used 

to the room as the evaluation session took place in their 

daily workplace. Distracting elements that could sidetrack 

their attention and focus were removed before the session.  

Based on the collected data from the main evaluation, IBM 

SPSS Statistics 24 software package was used to perform 

analysis on the collected data. A one-way analysis of 

variance (ANOVA) was conducted to determine whether 

there were any statistically significant differences between 

the calibration interfaces regarding the number of 

completed calibration point, number of interactions with the 

gaze-aware regions, time to complete the calibration and 

the accuracy of gaze data. Extreme outliers were removed, 

assessed by boxplot. All distributions were assessed by 

Shapiro-Wilk test of sphericity and Levene’s test of 

homogeneity. Post-hoc analysis was made with Tukey's 

honestly significant difference (HSD) when homogeneity of 

variance was met.  

For the distribution of gaze data accuracy, recorded raw 

gaze data was matched with a calculated calibration profile, 

generated by software from Tobii. The calibration profile 

included the user’s gaze offset for left and right eye, which 

was subtracted for all the collected gaze data points. 

Afterwards, mean accuracy was calculated for all 

participants who completed a calibration.  

5 RESULTS 

In this section the results will be presented from the design 

process of the novel gaze-aware calibration interface 

followed by results from the evaluation of the interface of 

its effectiveness, efficiency and accuracy. 

5.1 Pre-study with specification of calibration interface 

From interviews with professionals within the field of eye 

tracking for people with development disabilities current 

calibration interfaces were described. The result from the 

interviews was aggregated into four categories as said 

before. 

First, regarding the calibration process, users with 

development disabilities who struggles with keeping their 

attention tend to not start with doing a calibration at all. 

Instead, a more playful experience is preferred to explore 

cause and effect of using eye tracking. Users often has a 

facilitator helping them with the calibration that could 

either be a family member, Speech Language Pathologist 

(SLP), occupational therapist or their personal assistant. 

Furthermore, calibrations take place in all environments but 

works best indoor for now. 

Second, it is important to understand the users and their 

challenges when calibrating in terms of human factors and 

external conditions. For human factors, users may have a 

low attention span and therefore calibrations take too long 

to complete. There are often individual challenges that 

affect the result such as motoric challenges, spasms, 

cognition, tiredness or pain. Also, positioning in front of the 

monitor can be challenging as users with development 

disabilities may experience difficulties to adjust to the 

screen easily. They can be tired, move from side to side or 

experience difficulties with having their head in the correct 

position for calibration. For external conditions, lightning 

was explained as a problem as the eye tracker can get 

wrong result. Also, the situation of calibrating can become 

stressful for user with a distracting surrounding. 

Third, for tips and improvements of the calibration, a more 

playful calibration is suggested with moving elements to 

avoid targeting of user’s gaze as much as possible. By 

having a moving (smooth pursuit) calibration and only 

involve screen engagement this was thought to improve the 

calibration. Also, by making calibrations more like a game 

was described to be more fun for the users and thereby 

calibrate without the users knowing. Moreover, gaze-aware 

regions were described as potentially making calibrations 

becoming more automatic compared to existing solutions. 

Finally, when validating calibration results, different 

methods are used for users with development disabilities. 

For these users, a calibration result can be difficult to verify 

as they may not have a way of communicating if the result 

was successful. One of the interviewees explained the 

situation as “any calibration result is a good calibration, 

but then it [the calibration] can be improved”. However, 

color codes can be used to indicate how accurate a result is 

or using raw gaze data and letting the user look at points to 

see how the data is spread out. Also, a facilitator can 

analyze the users meanwhile calibrating by checking how 

long time the users stay at each calibration point to 

understand the quality of the result.  

Based on analysis of the interviews, requirements were 

specified for an ideal calibration interface as user stories 

and grouped into two categories; design of stimulus and 

calibration procedure. First, the stimulus should be 

modifiable, moving, have a clear and calm color with 

contrast to the background, get feedback when interaction is 

made and not be shown with other stimuli. Second, 

calibration procedure should be done without the user 

knowing about it, be more playful, include gaze-aware 

regions, make the user feel successful and adapt to the 

user’s speed and tempo. Also, involve screen engagement 

to only enter the first step of learning eye tracking and 

where a solution could be a smooth pursuit calibration to 

calibrate when looking at moving objects.   

5.2 Novel gaze-aware calibration interface 

From the requirements, a novel gaze-aware calibration 

interface was created using gaze-aware regions to collect 



gaze data only when the users gazed within the region. This 

calibration procedure still limited the user to target their 

gaze and make fixations for each calibration point, but used 

a stimulus with more movement compared to static images 

and dots. Thereby, the requirement to only involve screen 

engagement and smooth pursuit calibration was failed. 

The calibration procedure included a five-point calibration 

of a butterfly flying around on a black background, based 

on findings from the pre-study. Users were supposed to 

catch a butterfly using their eyes by gazing nearby the 

target stimulus, whereby the calibration data was collected. 

In the background, invisible to the user, a gaze-aware 

region was dynamically growing linearly meanwhile a 

butterfly was flying around, see Figure 3. The region was 

growing dynamically to reach higher accuracy if the user 

was quick to look inside the region, but still support larger 

regions if needed in lack of attention from the user, thereby 

adapt to users’ tempo and speed. For the first calibration 

point, the gaze aware region was covering the whole screen 

as maximum. For later calibration points, the targets were 

spawned at each corner of the screen and only a quarter of 

the screen was covered with a gaze-aware region as 

maximum to increase accuracy. 

 

 

Figure 3. Calibration interface illustrating a purple butterfly 

flying around flapping its wings, with a gaze-aware region 

growing (dotted line invisible to the user) 

When creating the stimulus, colors were used for high 

contrast with a colorful experience and animations were 

made to drag attention. A butterfly was design based on the 

requirements of having a moving stimulus that gave 

feedback when interacting using gaze. When the user gazed 

within the region the butterfly started to flap its wings more 

intense, a sound was played and the butterfly was 

decreasing in size. If the user kept their gaze within the 

region for a while, i.e. making a fixation, the calibration 

data was collected for the current position of the butterfly. 

After the calibration data was collected the butterfly 

appeared at a new pre-defined position, changed color, 

showed a visual effect to indicate the change and played a 

sound effect. 

In total, three modifications of the calibration interface 

were created. The parameters changed between the versions 

were the speed of which the gaze-aware region was 

growing and the velocity of the butterfly. These parameters 

were changed to analyze how different settings of the gaze-

aware region affected the outcome of the calibration.  

5.3 Evaluation of novel gaze-aware calibration 

The three modified versions of a novel gaze-aware 

calibration interface were evaluated of the effectiveness, 

efficiency and accuracy and the results are described in the 

following sections.  

5.3.1 Effectiveness 

Regarding the number of calibration points completed, 85 

percentage of the calibrations were succeeded out of 27 in 

total. Most participants could get through with a one-point 

or two-point calibration and represented 67 percent of all 

calibrations made. For the rest of the calibrations, 

participants completed with all (five in total) calibration 

points and no participant stopped in between a two-point or 

a five-point calibration. The participants that could 

complete with all calibration points described themselves 

beforehand to either be familiar with using computers or 

had experience of using eye tracking. 

Calibration interfaces were classified into three groups 

(slow, average and fast speed) but the number of completed 

calibration points was found not to be statistically 

significant to differ between the modified calibration 

interfaces, 𝐹(2, 24) = .164, 𝑝 = .850. Data is presented as 

mean ± standard deviation. The number of calibration 

points varied from the slow interface (𝑛 = 9, 1.7 ± 1.4), to 

average (𝑛 = 9, 2.1 ± 1.8), to fast (𝑛 = 9, 1.8 ± 1.9), see 

Figure 4. As seen, the mean values for the modified 

versions had uncertainty and was difficult to differentiate.  



 

Figure 4. Means of number of calibration points succeeded for 

different scenes presented 

Based on observations of the participants from video 

recordings were that many got stuck at two stages when 

completing the calibration. First, to figure out how to 

calibrate the first point which involved looking within the 

gaze-aware region that after a while covered the whole 

screen. At this stage participants were either looking 

directly at the monitor when the calibration started which 

made them complete quickly or looked away and struggled 

to look at the screen. Second, to complete with two 

calibration points, when the butterfly was in the top left 

corner of the screen. For that calibration point, the gaze-

aware region only covered a quarter of the screen which 

made it more difficult to gaze within the area compared to 

the first calibration point. As the calibration was using raw 

data for all points, minimizing the gaze-aware region 

showed negative effect on the effectiveness. 

Furthermore, to understand how the participants interacted, 

the means of the number of times the participants gazed 

within the gaze-aware region was analyzed. The difference 

between the calibration interfaces was not statistically 

significant, 𝐹(2, 23) = 1.029, 𝑝 = .113. Data is presented 

as mean ± standard deviation. The number of gazes 

decreased from slow (𝑛 = 9, 15.8 ± 8.8), to average (𝑛 =
9, 14 ± 7.4), and finally the fast version (𝑛 = 8, 8.5 ± 3.7), 

in that order. A small decrease was seen in the number of 

interaction for the calibration interface when the butterfly 

was moving faster and the gaze-aware region growing 

quicker.  

Because of similarity between the means, the scenario of 

how the participants gazed within the gaze-aware region for 

the first calibration point only was analyzed. Both because 

of most participants only managed to complete a fewer 

number of calibration points and the shape of the first gaze-

aware region differed from the rest of the points. For this 

scenario, a one-way Welch ANOVA was conducted to 

determine whether there was any difference in the number 

of interactions between the scenes, see Figure 5.  Data is 

presented as mean ± standard deviation. The number of 

gazes decreased from slow (𝑛 = 8, 9.3 ± 11.6), to average 

(𝑛 = 8, 5.75 ± 4.1), and finally the fast version (𝑛 =
6, 2.7 ± 1.8), in that order. However, the differences 

between these modifications of the interface was not 

statistically significant, Welch’s 𝐹(2, 11.311) =
2.633, 𝑝 = .115. 

 

Figure 5. Number of gazes for the first calibration point only 

5.3.2 Efficiency 

In addition to the analysis of effectiveness, efficiency was 

evaluated regarding how long time different events took to 

complete. For the whole calibration process the scenarios 

when the calibration failed was included but, for the time 

measurements for first calibration point only succeeded 

calibrations were included. 

First, the time (in seconds) to complete the whole 

calibration session, varied from slow (𝑛 = 9, 189.2 ±
72.1), to average (𝑛 = 9, 158.6 ± 89.5), and fast (𝑛 =
9, 133.8 ± 49.5), in that order. Second, time (in seconds) to 

complete the first calibration point varied from slow (𝑛 =
8, 68.4 ± 65.3), to average (𝑛 = 8, 44.1 ± 40.2), and fast 

(𝑛 = 7, 30.7 ± 34.2), in that order, see Figure 6. Cases in 

which the calibration failed were excluded for this scenario. 

No statistically significant difference was seen between the 

different versions,  𝐹(2, 20) = 1.146, 𝑝 = .338. 

As seen by visual inspection one could assume that with 

faster growing gaze-aware regions the time to complete a 

calibration point became faster. However, one outlier was 

seen at 95 seconds where the user started to yawn and 

instead tried to touch the butterfly instead of looking at it. 



 

Figure 6. Time to complete the first calibration point for the 

participants 

5.3.3 Accuracy 

Accuracy of the gaze data was calculated of the whole 

calibration session. Participants had to complete with at 

least one calibration point to be able to compute the 

calibration profile and thereby get the accuracy. Eight of the 

participants could complete with a calibration which 

resulted in 24 calibrations in total. For these calibrations, 

accuracy was analyzed using a filter of only data within an 

offset of 80 percentage of the screen from the stimulus. 

This to exclude all data points far away from the stimulus 

target when the participants were not gazing the screen. 

Participants gazed with an accuracy that was almost the 

same for all three modifications of the calibration interface. 

The accuracy, presented as mean viewport offset with 

standard deviation was for the slow speed (𝑛 = 8, 0.46 ±
0.11),  average speed (𝑛 = 8, 0.42 ± 0.17) and, fast speed 

(𝑛 = 8, 0.44 ± 0.13). No ANOVA was assessed as the 

means were too equal. Five of the participants had almost 

the same accuracy for all three interfaces but, for two of the 

participants (Participant 1 and 5) the slow speed differed 

and gave worse accuracy compared to the other scenes and 

one participant showed worse accuracy with faster speeds, 

see Figure 7.  

5.3.4 Semi-structured post interviews with participants 

Regarding the participant’s description of the overall 

experience with the calibration interface. Three participants 

described the experience to be exciting, three thought it was 

boring and three said it was easy to use. Two described the 

interface to be funny, meanwhile three persons still 

struggled with keeping their attention and became tired. 

However, one of the participant’s mother said she “had not 

seen X so concentrated before, X usually loses 

concentration in front of the computer”. But some 

participants felt it was difficult to remain focus and look at 

the butterflies, especially for the calibration points in the 

corners. 

 

 

Figure 7. Accuracy of gaze data within 80 percentage of the 

viewport from the stimulus 

For suggestions of improvements, all nine participants 

explained they wanted more sound in the calibration 

process and four said that larger stimulus would have 

helped them. For the stimulus, one participant also 

suggested that more colors would have improved the 

experience. Especially, if the colors could have changed 

more rapidly of the butterflies because sometimes it lasted 

for some minutes.  

In addition to the visual and auditory aspects, motion was 

also described to improve the process of calibrating eye 

trackers. Both regarding the motion of stimulus that moved 

in the scene, but also to let the participant move or get 

haptic feedback when calibrating to get a more immersive 

experience. For example, one participant tried to catch and 

touch the butterfly on the monitor and one tried to blow at 

the butterfly.  

6 DISCUSSION 

Overall, after performing analysis on the collected data for 

the participants, the experience was that all participants 

varied in how they performed when calibrating. The 

velocity of the stimulus and grow factor of the gaze-aware 

region showed low effect on the efficiency, effectiveness 

and accuracy of the calibration interface. Because of the 

variance between participants, different modifications of 

the calibration interface turned out to be difficult to 

differentiate on a statistically significant level. 

Participants explained themselves as getting tired and bored 

during the session, mainly because of similarities between 

the visual modifications of the calibration interface. All 

scenes differed in terms of how the invisible gaze-aware 

region acted, but these modifications didn’t affect the 

participants as much as expected. Instead, the participants 

either completed with a few calibration points or no point 

calibration at all. Scenes were verified during a pilot study 

with one participant. However, that participant was found to 

be more experienced than the rest of the test group which 



made similarities between the scenes difficult to verify 

beforehand. 

Nevertheless, the stimulus presented in the gaze-aware 

calibration interface was perceived as pleasing in general. 

Even though the participants asked for more interactions in 

situations when not looking at the screen to drag attention 

back to it. However, to have a flying butterfly was 

something that in general made the participant concentrated 

and was described as easy to look at. Also, as Wilkinson 

and Light [20] presented, by having a moving stimulus the 

outcome of the calibrations becomes better.  

Regarding the effectiveness, almost all calibrations were 

successful which is an indication of a successful calibration 

method for this target group. In general, a faster speed of 

the growth of the gaze-aware region made the user both 

proceed in a quicker way but also with more accuracy. 

Mainly, when letting the regions become larger it was 

easier for the user to look within the region and thereby 

calibrating. However, when the users did not realize that 

something happened when gazing the target, because of too 

small regions, no feedback was given to them as the 

butterfly was only flying around without any sounds or 

change in animation.      

In addition to the effectiveness, the efficiency of the 

calibration interface showed better result when the regions 

were growing quicker. For the same reason, when gaze-

aware regions became larger it was easier for the users to 

gaze within them and therefore being able to proceed with 

the calibration. However, the results varied a lot and time 

was highly related to the users’ previous experiences and 

focus for each calibration.  

For some participants, no calibration data was collected 

even though they described they were gazing at the 

stimulus target. When analyzing the accuracy of the gaze-

aware calibration the offset from the target stimulus was not 

accurate, with an offset of half a viewport in average. With 

low accuracy, users could think they are gazing the stimulus 

target but the calibration procedure recon the users gazing 

outside the gaze-aware regions and therefore misses to 

collect data. 

Also, because of low accuracy, this study cannot prove this 

calibration procedure to be an accurate alternative to 

already existing solutions. This because the main purpose 

of calibrating eye trackers is to improve the accuracy of 

users’ gaze compared to using raw gaze data. Even though 

the calibration data was filtered to only include gaze data 

within 80 percentage of the viewport the result indicated, 

overall, to a low accuracy. With an offset of half a viewport 

in average could lead to missed targets when using eye 

tracking. 

However, the level of experience of using eye tracking was 

very low and most participants had never experienced eye 

tracking before to control a computer. With more practice 

over time their accuracy will be improved, a process that 

can take up to 15-20 months [2]. One participant had been 

using eye tracking for 24 months and showed better 

accuracy using this calibration procedure compared to 

novice users. 

6.2 Limitations 

Even though participants were selected to all have the 

challenge of keeping their focus at a screen, their 

individually differences may have affected the result. Based 

on observation of participants’ result, each calibration 

session acted as a unique situation where the participants’ 

challenges reflected how well the calibration went. Also, 

this was something that could differ between the 

calibrations for the same participant. One participant did 

not complete any calibrations at all, and were using both 

thick glasses and struggled with droopy eye lids. Something 

other researchers have claimed to affect the use of eye 

trackers [18]. 

Two participants described their daily health status to 

impact how well they perform which could have had an 

impact of how the session went. As this is normally 

something dependent when the participants have been 

doing similar tasks beforehand. Therefore, being placed in 

front of a computer multiple times during a one hour 

session was stressful and many participants felt nervous 

before the task. Researcher has before solved this by doing 

a longitudinal study [2]. By following the same target group 

for more than one time could have decreased the impact of 

this issue.  

As presented before, external conditions have great impact 

on how well the calibration is performed [18]. In this study 

a 12-inch screen was used, leading to only a small area 

covering the visual field for the participants. By using a 

smaller screen in this study could have caused external 

factors influencing the result in a wider extent such as 

lightning [2] or screen brightness [5]. Four participants 

requested a larger stimulus, which could have been because 

of the smaller screen being used. 

6.3 Recommendations for future implementations 

The main challenge using the gaze-aware calibration for 

people with disabilities was the requirement of making 

fixations. This was something both found in the pre-study 

and during testing of the novel gaze-aware calibration 

interface. To decrease the barrier of calibrating eye trackers, 

it is recommended to only use screen engagement when 

calibrating eye trackers, where different attempts already 

have been made such as using a smooth pursuit calibration 

[19]. By only having screen engagement when calibrating 

could lead to users more easily explore eye tracking without 

thinking they are calibrating. In this study, an attempt was 

made using a moving target of a butterfly flying around but, 

it still required the user to make a fixation for calibrating. 

All participants described that more sound would have 

given them a better experience for the calibration. This was 

also something seen during observations, as participants 



directly reacted to the sound effects being played. Also, a 

previous study about attentive systems presented the need 

for proper feedback [14] when using systems that reacts on 

gaze. A minimal amount of sound effects was used for the 

novel calibration method only including sounds when the 

user was looking within the gaze-aware region and when 

the butterfly changed position. However, the problem 

observed was the initial period before the first calibration 

point was added (which varied from 6-150 seconds). 

Instead of having a static animation being played, a sound 

could have been played together with a change of the 

animation to drag attention back to the screen.  

Another observation that was made, and explained by the 

participants during the evaluation session, was how 

unexpected attempts to interact was shown. First, one user 

started to blow immediately when being placed in front of 

the calibration interface. This happened all three times the 

interface was presented, and not for other eye tracking 

interfaces during the learning session. Second, one user 

wanted to interact with the butterfly by touching it or trying 

to grab the butterfly. Finally, a user described how music 

and vibrations helped with getting focus to the current 

activity. These described interactions all come together as 

different modalities that can lead to a more immersive 

experience when calibrating eye trackers in the future. 

The flying butterfly was described as pleasing to look at, 

but after a while being too static in its appearance. 

Therefore, a more colorful butterfly that shifted in color 

could be more suitable. Also, the colorful butterflies were 

placed on a black background because of the results from 

the interview with professionals saying that this is preferred 

and, in this study external lightning was controlled to have 

minimal effect. However, in real use scenarios colors can 

be perceived differently depending on lightning conditions 

[8]. Instead, a solution would be to have a calibration 

interface that adapt to external lightning conditions and uses 

the colors best suited for the context to achieve high 

contrast. 

Therefore, for future studies, it would be interesting to 

investigate gaze-aware calibration interfaces with other 

settings. First, using stimulus with different colors, objects, 

sizes and animations. Second, evaluate with other 

backgrounds such as using one color or a complex scene. 

Third, explore the impact of external conditions by testing 

with outdoor lightning or noise in the background. And 

finally, explore the area of smooth pursuit calibrations to 

only involve screen engagement of the calibration 

procedure but still provide high accuracy. 

7 CONCLUSION 

A group of nine subjects was gathered to evaluate three 

modifications of a designed gaze-aware calibration 

interface. The interfaces varied between three stages of 

speed (slow, average and fast) of the stimulus presented and 

the grow factor of the gaze-aware regions around the 

stimulus. Data was collected about participants’ gaze, time 

to complete and how many calibration points that were 

completed during a five-point calibration of an eye tracker. 

No statistically significance was found between the three 

modified versions regarding effectiveness, efficiency and 

accuracy. However, when the stimulus was moving faster 

and the gaze-aware region was growing quicker the 

calibration was done in shorter time without major loss in 

accuracy compared to the other interfaces. Moreover, the 

speed did not affect how many calibration points 

participants completed. 

Furthermore, it is important to only involve screen 

engagement when designing a calibration interface for eye 

tracking using gaze-aware regions. By enable users to look 

at the screen freely and have a playful calibration 

experience could let users calibrate without being aware 

about it. Therefore, a smooth pursuit calibration procedure 

with gaze-aware regions is recommended to explore and 

develop further for users with development disabilities who 

experience difficulties to keep attention at the screen.  
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