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Abstract: Eye-tracking has been found increasingly useful in interdisciplinary academic research and 
commercial practice. Recent developments in eye-tracking have been impressive in reducing the cost of 
eye-tracking systems. In this paper, we produced a cost-effective workstation for usability studies by 
combining cutting-edge, eye-tracking technology with off-the shelf software. The workstation cost 
~1/10th of its nearest comparable, commercial equivalent and was validated against prior research 
findings using equivalent methodologies. This paper is unique in its examination of the effects of gender, 
the effect of prior knowledge on memory, and use of Mayer’s principles to identify video segments of 
high cognitive load and simultaneous eye-tracking activity. The findings will be of interest to 
instructional designers, video producers and lecture recording archivists. 

Introduction 
“What we see depends mainly on what we look for”  

(John Lubbock, (1904) The Beauties of Nature and the Wonders of the World We Live in) 
 
The maxim “The eyes are a mirror of the soul” can be traced back to Cicero (106 – 43 BC) and as a 

proverb perhaps much earlier. The point being that poets and philosophers have in many different ways advanced 
the belief that the movement of the eyes is evidence of our emotional and intellectual mentation. Javal (1879) 
observed eye movement and noted the eyes move quickly and then stop while reading. It wasn’t until the 1970’s that 
advances in computers and cameras made it possible to, in real time, track and record eye movement; however, the 
subject’s head remained in a fixed position. In the past twenty years, technical solutions have been found to allow 
subjects to move their heads in a more natural manner and still capture accurate, eye-tracking data. Unfortunately, in 
the current marketplace, the cost of a computer workstation, optical technologies and software as an eye-tracking, 
usability system collectively remains so expensive that the research is mainly conducted by those who have 
corporate sponsorship or large research grants. Our objective was to determine if a combination of readily available, 
low-cost technologies could match the accuracy and reliability of some of the commercial products and to then 
conduct some interesting research on how students view a YouTube video if they are informed or not informed that 
there will be a short quiz on completion. Down the track, if the prototype works sufficiently well, we will move on 
to study students’ use of lecture recordings give a range of design and delivery options. 
The Study 
A Brief Review of Eye-Tracking -  
 Just and Carpenter (1980) proposed the ‘mind-eye hypothesis’ that suggested that the fixations represent 
the human cognitive process. The theory stated that a subject would be think about an object while looking at it. 
Adopting this theory, research studies have analysed eye-tracking information to reveal the mechanisms and 
concepts of visual attention. In the early days of eye-tracking, the studies required the subject’s head to be 
motionless. While the participant’s head was in a fixed position, the light reflected from the cornea was recorded 
onto photographic plates as in Dodge & Cline (1901). Unfortunately, this technique caused discomfort to the 
participants due to fixed posing over a long period. Fortunately, modern eye-tracking technology has eliminated that 
issue by using advanced computing devices and infra-red illumination (Nielsen, 2012b). Eye-trackers can accurately 
locate the position of the pupils because infra-red is reflected more from the retina than the rest of the eye. 

Usability Defined -  
Usability testing is defined as “a technique for evaluating a product by testing it on users” (Nielsen, 1994a). 

It informs the design and development groups about potential problems and user satisfaction with the product. 



 
 

Therefore, they can analyse the performance in association with usability objectives and recommend changes to 
improve the users’ experience.   

The Research Question -  
Can a low-cost workstation designed for usability studies record a student’s eye movement and interactions with the 
keyboard and mouse with sufficient accuracy to detect a difference between two simple research treatments? 
Specifically, are we able to differentiate between the eye movement behaviours of students who simply watch an 
instructional video and answer some questions at its end (Treatment 1), and students who are advised there will be 
questions about the content of the instructional video before viewing the same media and answering the same 
questions (above) hence Treatment 2? 

Product Specification –  
The prototype is to be built using the university’s standard, leased computer. We specified a desk-mounted 
eye-tracking system due to its simplified technology and appropriateness to this research. Thus, the hardware should 
include video-based eye-tracker bar, screen mounting gear, two sets of keyboards and mice, second monitor and 
cables. The preferred software would provide: hardware drivers, recording software, and analysis software.  

Completed Usability Workstation Prototype –  
Multiple vendors were identified, and following an exchange of emails regarding technical capabilities and 

pricing the Gazepoint eye-tracking package was selected as potentially meeting our needs. It included all the 
required hardware and software, yet the price was one-tenth of the nearest competitor. We combined the Gazepoint 
eye-tracking system with Techsmith’s Morea software package, another set of usability software tools for keyboard 
and mouse inputs as well as supporting the ‘think aloud’ protocol. With regard to the quiz following the video, 
Zaption™ was used to create the quiz, capture the analytics, and provide a detailed report. 

Testing the Prototype    
5 participants from the university participated to verify the workstations functionality (Figures 1 & 2) and 

then other sixty-three university students volunteered in a pilot study. Three subjects were dropped because they 
were familiar with the concepts in the video. The remaining 60 subjects consist of 43 females and 17 males. All 
participants were able to proficiently communicate in English and had normal, or corrected to normal vision. None 
of the subjects had any previous experience with an eye-tracking experiment. No other specific recruitment criteria 
were applied with an exception that subjects with glasses were required to wear a cover over part the lenses to 
reduce light reflections from the lens material rather than the cornea. The participants are randomly assigned to two 
different groups: pre-informed group (n = 30) and uninformed group (n = 30). The sample size was sufficient to 
produce meaningful heat maps and results from the quantitative analysis. (Pernice & Nielsen, 2009). “WW2 Enigma 
Machine”, a 10-minute instructional video. The video clip was played via Zaption (www.zaption.com ) with the 
visual memory test at its end. Subtitles and closed captioning were not used with the instructional video.  

Visual Memory Test- 
The visual memory test consisted of three questions: two multiple-choice and one open-ended question. 

Each of the multiple-choice questions had five selective options that include only one correct answer. The first 
question checks for the recall of a visual element that was displayed briefly in a 6 second scene that involves 
increasing visual and cognitive complexity (Figures 3 & 4). Given the context of a high cognitive workload 
responding with the correct answer to Question 1 was judged to be difficult under the circumstances. This is 
because, managing the cognitive workload plays an important role in multimedia learning (Mayer, 2005, 2010). 
Question 2, on the other hand checks the viewer’s memory under a lower cognitive load – a scene of 4 seconds with 
only one area of interest (Figures 5 & 6). Lastly, Question 3 was an open-ended question where the participants were 
asked to indicate what parts of the video impressed them most - using a retrospective, ‘think aloud’ protocol.  

Data Analysis   
It is challenging to perform appropriate data analysis in eye-tracking research, especially studies with 

dynamic elements such as video and animation (Pernice & Nielsen, 2009). Producing heat maps and areas of interest 
(AOIs) are one of the most popular analysis outputs for an eye-tracking study. The AOIs are data points defining an 
area that visually interested the subjects. The researcher then inspects these elements, by examining eye fixation 
information inside the AOI boxes. However, this tool alone does not reflect or capture the dynamics of video and 



 
 

animation. Signalling and redundancy have a significant impact on multimedia learning and eye movements in 
different learning sequences (Canham & Hegarty, 2010; Mayer, 2009; Ozcelik et al., 2010). There is a strong 
relationship between signalling elements and the visual attention of the learners. 

We expected that most participants would have the same behaviour on simple scenes with the low 
cognitive workload but different behaviour in a complex scene that required greater cognitive effort. Therefore, the 
analysis of eye gaze data was separated into two phases: overview analysis and drill-down analysis. We divided the 
video into sequential but discrete scenes with the associated display elements and narration records. The 
synchronous information of these scene-by-scene data was used for the cognitive workload analysis. As a result, we 
can seek prediction of the required cognitive effort. We believe this is a significant innovation in understanding the 
subject’s use of an instructional video which should inform the design and delivery of such media.  

Results - Video Level 
We conducted an independent samples t-test to assess the overall differences on fixation duration between 

two groups of treatments. The results showed that there was a significant difference in fixation duration between the 
pre-informed group (M = 0.387, SD = 0.286), and the uninformed group (M = 0.381, SD = 0.280), t = -2.161, p = 
0.031. The vertical coordinate of the fixations did not significantly differ between the two groups, t = .211, p = .833 
(Informed: M = 0.4798, SD = 0.235; Uninformed: M = 0.479; SD = 0.342). However, the difference in the 
horizontal dimension was significant, t = 11.740, p < .001 between the pre-informed group (M = 0.507, SD = 0.230), 
and the uninformed group (M = 0.490, SD = 0.164) with the mean difference of 0.017.  

Previous research showed that females scan for more details in a wider area of fixations than males 
(Schiessl et al., 2003; Tonbuloğlu, 2013). The results of an independent t-test between gender groups supported 
these findings. The differences in both vertical and horizontal coordinates were statistically significant (Horizontal 
axis: t = 3.708, p < 0.001; Vertical axis: t = -31.265, p < 0.001). The fixations of females distributed in horizontal 
(M = 0.497, SD = 0.213) and vertical (M = 0.499, SD = 0.303) axis were broader than males (M = 0.502, SD = 
0.160; and M = 0.430, SD = 0.262 respectively). The fixation duration of female group (M = 0.372, SD = 0.282) 
was also shorter than male group (M = 0.395, SD = 0.285), t = 9.984, p < 0.001.  

We performed a multivariate analysis to assess any underlying relationships between all the collected gaze 
data. We resampled our data to have the groups equal in size (Males = 17, Females = 17; Informed = 17, 
Uninformed = 17). There was a statistically significant interaction effect between gender and type of pre-informed 
treatment on the combined dependent variables, F (39.740) = 176.554, p < .001; Wilks' Λ = .953. As a result, we 
proposed that the effect of pre-information notice about the recall test was moderated by the gender effect. 

Results - Scene Level 
From the analysis of cognitive workload, we drilled down to the most complex scene then to a simple scene 

in the video. The independent t-tests results showed that visual behaviour significantly differed between male and 
female participants. In particular, there was strong evidence to support the difference in fixation duration (t = 3.354, 
p = 0.001), vertical axis (t = -4.552, p < 0.001), and horizontal axis (t = 2.049, p = 0.041). The differences in the 
distribution were significant regarding horizontal axis (t = 3.079, p = 0.002), but not vertical one (t = -1.75, p = 
0.861). The pre-informed group scanned more in the vertical dimension (M = 0.425, SD = 0.215) than the other 
group (M = 0.438, SD = 0.294). The heat maps for two groups showed that the fixations of pre-informed subjects 
focus more on the textual elements displayed whereas the fixations of the uninformed group were distributed across 
irrelevant elements such as encrypted character strings (Figure 3 & 4). The first AOI around the whole message 
“ATTACK NORTH WEST” indicated 201 fixations with the total duration of 70.777 seconds from the 
pre-informed group, whereas only 175 fixations with the total duration of 57.674 seconds from the uninformed 
group. The second AOI specified on the currently displayed word “WEST” and resulted in a similar gap. The 
pre-informed group gazed through 82 fixations with the total duration of 29.527 seconds while the uninformed 
group had 64 fixations with the total duration of 20.992 seconds. Another multivariate analysis indicated a 
statistically significant interaction effect between gender and type of pre-informed treatment on the combined 
dependent variables, F (14,220) = 20.820, p < .001; Wilks' Λ = .860. This result was in line with the overall 
multivariate analysis as both indicated the interaction exists between gender effect and the impact of pre-information 
about the recall test.  

Another comparison of heat maps was conducted relative to the frame that had the answer to Question 2. 
As this frame displayed only a simple element, it was considered as simple and having low-cognitive requirements. 
The heat maps clearly illustrated the similarity between two treatment groups. 



 
 

Results – Eye-Tracking During the Visual Memory Quiz 
The heat map represented the distributions of subjects looking at the questions. The researcher noticed that 

many subjects either leaned forward toward the monitor or back into the chair while answering the visual memory 
questions thus outliers with missing data occur. However, heat map playbacks showed an interesting relationship 
between the movements of mouse cursors and points of regard. 

Chen, Anderson, and Sohn (2001) also found a positive relationship between mouse cursor position and 
visual attention. Moreover, they suggested linear patterns of eye gaze and mouse movements. Obtaining similar 
results in an appropriate context, confirmed our confidence that our prototype eye-tracking workstation has the 
requisite accuracy for usability studies. 

The multivariate analysis of the subjects’ answers and eye fixations showed insignificant interactions 
between the answers for each question and the effects of gender and pre-information about the visual memory test 
(p-values > 0.05). Nonetheless on the open-ended question, the subjects who stated their most memorable images to 
be the scenes related to questions 1 & 2, also tended to give the correct answers for these questions. However, the 
data were not sufficient to analyse the relationships.   

Discussion 
The experimental results discussed in the above section showed initial evidence that the pre-information 

notices about a recall test impact on the subject’s visual behaviour in the complex scenes. The awareness of being 
tested could increase the students’ attention to the instructional material. As the subjects acknowledged that they 
would be questioned on the materials, they could understand and believe that increased visual attention might 
improve their quiz performance. According to the Theory of Planned Behaviour (Ajzen, 1991), their visual 
behaviour is, therefore, modified by this belief or understanding. We demonstrated that individuals will change their 
behaviour based upon the belief that learning outcomes could improve with their increased their attention.  

Consistent with prior eye-tracking research (de Koning et al., 2010; Schiessl et al., 2003; Tonbuloğlu, 
2013), the visual attention was altered by the effects of gender, cueing and signalling. The female participants had a 
wider area of scan paths as well as paying more attention to text than do males. The results also indicated a 
significant interaction between the effects of gender and the “planned behaviour” of the students. Signalling and 
cueing elements continuously gained their visual attention. Once again we believe our prototype of a low-cost 
workstation for usability studies can offer similar results to the current expensive technologies.  

According to the design principles of multimedia learning (Mayer, 2009), redundant content requires 
learners to exercise more cognitive effort, thus increasing their visual search behaviour in order to obtain what 
seems to be important information (Canham & Hegarty, 2010; Mayer, 2005; Ozcelik et al., 2010). Pernice and 
Nielsen (2009) suggested that it is a challenge to conduct the eye-tracking analysis on video and animation. In this 
case, we proposed the multi-methodological analysis at different levels and layers. In particular, we conducted the 
analysis of cognitive workload in parallel to the analysis of eye movements. The expected cognitive effort 
corresponded to the visual attention. This discovery lead to a scene-by-scene analysis in drill-down manner.  

Learning engagement can be leveraged by increasing individual motivation to learn (Pintrich, 2003). Our 
results showed that the “planned behaviour” and motivational factors were only obvious in the complex scenes. The 
reason could be due to the required cognitive effort. Complex scenes with various elements influence an increase in 
the visual attention mediated by gender, expertise, signalling or “planned behaviour”.  
 Moreno and Mayer (2007) proposed a comprehensive model for the interactive multimodal learning 
environments. Their research suggested that two main learning channels, audio and visual, are perceived then 
selected from sensory memory then moved working memory before organising encoding and integrating into 
long-term memory. Moreno and Mayer (2007) demonstrated that this process can be influenced by motivation and 
context. Their research also showed that redundancy reduces the positive effects of signalling and cueing (Mayer, 
2010; Ozcelik et al., 2010). Nonetheless, our findings suggested that the total cognitive workload, consisting of both 
instructional and extraneous workload enhances the signalling and cueing effects while reducing or even eliminating 
the gender effect and motivational factors. 

Conclusion, Limitations & Future Research 
The goal of this paper was to propose a design for a cost-effective workstation for usability studies. We 

successfully developed an operational prototype of such a workstation and performed an inspection (pilot) test to 
ensure its utility and accuracy (Figures 1 & 2). The findings in this paper provide research evidence that may be 
useful for instructional designers as an aid to improving the video production and related activities. The results may 
also offer some insights into how to improve the design of lecture recordings.  



 
 

Previous studies have applied eye-tracking techniques to deepen understandings of visual behaviour, to 
supplement usability, and to innovate in related applications such as driving simulation, quality assurance checks, 
and safety procedures (Jacob & Karn, 2003; Mayer, 2010; Schiessl et al., 2003). The body of research has 
demonstrated the usefulness of the eye-tracking technology in both commercial and academic practice: website 
design, on-line testing, simulations, and marketing concepts. Consequently, our design a cost-effective workstation 
with eye-tracking ability could contribute to the IS field by raising awareness of the potential of this research 
method and the feasibility to effectively conduct a usability studies at a low cost in diverse areas.  

Our results stand in line with the findings of previous studies, including the gender effects (Schiessl et al., 
2003; Tonbuloğlu, 2013), the signalling and cueing effects (Canham & Hegarty, 2010; de Koning et al., 2010; 
Ozcelik et al., 2010). Given that cognitive workload can impact not only the effect of cueing and signalling (Mayer, 
2009; Ozcelik et al., 2010) but also the gender effect and motivational factors on visual attention and behaviour. 
Industry might find it useful to use an eye-tracking workstation to check training media, job aids and manuals before 
assuming they are occupationally suitable. Scientific evidence assists the training department and other media 
stakeholders in improving the media design and in creating appropriate instructional or learning strategies. In our 
study, the qualitative analysis of cursor movements showed a positive relationship with the eye gaze. The similar 
results have been previously found by Chen et al. (2001). Therefore, we supposed that our workstation is capable of 
providing similar findings. Future research may investigate the relationship of visual attention to answer latency by 
accessing the points of time when those inputs occur.  

In hindsight one obvious limitation in our methodology is related to the question design of the recall test. It 
possible that some participants did not know the answer and randomly selected an answer. Although we had verbal 
protocols about the subject’s confidence in their answer, having an “I don’t know” could further reduce the biases.  
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Appendices 

Figure 3: Informed of a quiz and attention 
to a key fact 

Figure 4: Not Informed of a quiz and 
attention to a key fact 

Figure 5: Informed of a quiz and views key 
fact for Question 2 

Figure 6: Not Informed of a quiz and views 
key fact for Question 2 

Figure 1: Basic Calibration Check Figure 2: Additional Accuracy Check 


