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ABSTRACT 

The purpose of this study was to investigate whether mouse movements can be used to 

measure visual scanning behavior on the computer screen while performing web-based tasks. 

Thirty-one participants executed eleven basic, web-based tasks, including navigational tasks 

and cutting and pasting terms in search boxes. The tasks were based on a varied use of the 

mouse. With the use of bidimensional regression the exact coordinates of the position of the 

mouse and eye were compared.  

Although the mouse scan path lays rightwards above the scan path of the eyes, mouse 

movements appear to be a fairly accurate reflection of eye movements (r = 0.72). Further 

analysis showed that eye saccades were not captured by the mouse and that the mouse has a 

small delay in indicating where the participants were looking.  

Even though the position where participants look and the position of the cursor are not 

entirely identical, a good viewing pattern can be created. Mouse movements can show which 

areas of a webpage can capture user’s attention and can show areas that are not being noticed. 

Via mouse movements insights could be gathered concerning the area of first glance, visual 

scan paths and search patterns, where an eye tracker was needed previously.  



  4 
 

ACKNOWLEDGEMENTS 

At first I would like to thank my supervisor prof. dr. Addie Johnson, who gave me the 

opportunity to further build on her outstanding research. Besides giving me the opportunity, I 

would like to thank both prof. dr. Addie Johnson and dr. Fokie Cnossen for all the guidance 

during the project. By giving me feedback on my project and ask questions, they were able to 

lift me to a higher level.  

Besides the supervisors, I would like to thank Alexander Pietrus-Rajman and Miren Arantzeta 

Perez, for helping me during the execution- and data analysis of this experiment. I would also 

like to thank my fellow students of the CogEng group of the University of Groningen, and 

especially Stephan Mooibroek and Sebastiaan Stuy for their time and feedback. All the coffee 

breaks were long and exhausting, but we were able to help each other out with all problems we 

were facing.  

I would like to thank Enkhbold Nyamsuren, Karsten Westra and Bart Wiegmans for helping 

me out with all the technical problems. You spend much time in helping find solutions. 

Thanks! 

Of course, I would like to thank all participants of the research. Without you, all this research 

would not have been possible.  

Last but not least, I would like to thank my friends, family and especially my girlfriend Eva 

Schrijvers, for all the support and the encouragements to keep doing it my way! 

  



  5 
 

TABLE OF CONTENTS 

Abstract ............................................................................................................................................. 3 

Acknowledgements ........................................................................................................................... 4 

Introduction ...................................................................................................................................... 7 

Theoretical background .................................................................................................................... 9 

Web usability ................................................................................................................................ 9 

Human attention ......................................................................................................................... 11 

Human attention in digital environments ................................................................................ 12 

Eye tracking ................................................................................................................................ 13 

Previous research about the agreement between mouse and eye movements. ...................... 15 

Cognitive Modeling .................................................................................................................... 16 

Mouse tracking software ............................................................................................................ 17 

Experiment...................................................................................................................................... 19 

Method ............................................................................................................................................20 

Participants .................................................................................................................................20 

Web-based tasks .........................................................................................................................20 

Stimuli ......................................................................................................................................... 22 

Measures ..................................................................................................................................... 23 

Apparatus .................................................................................................................................... 23 

Procedure .................................................................................................................................... 24 

Data analysis ............................................................................................................................... 24 

Results ............................................................................................................................................. 26 

Bidimensional regression per task ............................................................................................ 26 

Bidimensional regression per task category ............................................................................. 28 

Visual results............................................................................................................................... 30 

Heatmap of mouse movements ................................................................................................. 33 

Discussion ....................................................................................................................................... 34 

Future directions ........................................................................................................................ 36 

Conclusion ....................................................................................................................................... 37 

References ....................................................................................................................................... 38 

Appendix 1: The websites/tasks ..................................................................................................... 41 



  6 
 

Appendix 2: The questionnaire ...................................................................................................... 44 

Appendix 3: Data ............................................................................................................................ 45 

All participants ........................................................................................................................... 45 

Corrected lines (mouse delay) ................................................................................................... 46 

Values of bidimensional regression per task ............................................................................ 47 

 

  



  7 
 

INTRODUCTION 

The American philosopher and psychologist William James once famously said, "Everybody 

knows what attention is ..." (James, 1890) but, paradoxically, it seems hard to find a fitting, 

satisfactory description of attention. One definition proposed (Ratey, 2001) states that 

attention involves noticing incoming stimuli, filtering out perceptions and attaching emotional 

significance to these perceptions. Without agreeing on one clear definition of what attention is, 

in the context of human-computer interaction, it is important to know where attention is 

focused. Following Nielsen (1993), knowing where users visually attend to can improve 

human-computer interaction and help create more effective websites. For example, it has been 

reported that web users spend approximately 70% of their time viewing the left side of a web-

page and only 30% on the right side (Jakob Nielsen, 2010a). This could be due to that many 

websites have placed their menu structure on the left side of their homepage. When designing 

new websites, one should remember that users apparently expect this.  

Johnson and Proctor (2004) noted that we can orient attention covertly, but in general we look 

at the information we wish to attend to. Therefore, researchers can look at the eyes and follow 

where the participant looked at in order to ascertain whether a person has attended to some 

element (Johnson, Mulder, Sijbinga, & Hulsebos, 2012). There are several methods to measure 

what subjects are visually attending to. One such method is simply to ask participants what 

they attended to. A limitation of this method is that only the behavior a subject is aware of can 

be assessed. Another method is to measure user attention through mouse clicks as could be 

done with, for example, Usabilla (Usabilla, 2013), which is an online method in which 

participants are asked to click on the elements which are salient to them. The data of all 

subjects can be then superimposed on a so-called heatmap. A heatmap shows how intense 

certain areas are examined, the warmer the color, the more intense it was looked at. Another 

method is eye-tracking, which can be used in usability testing to gain insights about user gaze 

behavior (Cooke, 2006). This method measures where a participant looked, on which part of 

the screen the participant fixated, and what route the eye followed to find the information 

needed in order to perform a certain task. However, this method has a large disadvantage: the 

required equipment is expensive and requires a specific research environment, which makes it 

difficult to apply on a large scale. 

Earlier studies have shown that mouse movements may also indicate what one is visually 

attending to (Chen, Anderson, & Sohn, 2001; Cooke, 2006; Johnson et al., 2012). These 

studies made a comparison between eye movements (measured with an eye tracker) and 

mouse movements (measured via mouse logs) when subjects were asked to follow their eye 

movements with the mouse. So what if the mouse could be used as more than just a pointing 

device? 
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The present study examines whether the mouse can be used to reflect eye movements 

adequately while performing web-based tasks. The difference with the earlier studies is that 

the earlier studies either used static tasks or the eye and mouse position were qualitatively 

described and compared. In this study, the exact coordinates of eye- and mouse position were 

compared by bidimensional regression (Friedman & Kohler, 2003), while performing web-

based tasks (goal-directed behavior). This method calculates a correlation between the eye and 

mouse scan path, and other parameters such as rotation, expansion, horizontal and vertical 

translation of the eye scan path relative to the mouse. The similarities between the eye and 

mouse scan paths could be assessed based on these parameters.  

If mouse movement measurements can indicate where one is visually attending to, it can be 

used as a new quantitative research method. This method is much easier and cheaper to apply, 

compared to an eye tracking study. Therefore, mouse tracking to measure visual scanning 

behavior could be a validation of experimental eye tracking studies. The mouse movements of 

thousands of participants could be remotely collected, and serve as a visual attention tracker.  

In order to assess whether we can use mouse movements to measure visual scanning behavior, 

the following questions needs to be answered. What is the relationship between eye- and 

mouse movements when performing web-based tasks? When the relationship between the eye 

and mouse movements is assessed, the following question could be answered. Can we use 

mouse movements to measure visual attention for website evaluation? 

The thesis is divided into four parts. In chapter 2, theoretical background is given about why it 

is important to know where is looked at on a website, what human attention is and how human 

attention is captured in digital environments, how one can measure visual attention via an eye 

tracker and previous research about the agreement between mouse and eye movements. 

Chapter 3 and 4 provides an explanation of the experiment and its methodology. Chapter 5 

presents the results of this research which presents all information that is needed to answer 

the research question. Finally, chapter 6 discusses the results and the experiment and chapter 

7 presents the conclusion.  
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THEORETICAL BACKGROUND 

Badly designed user interfaces can lead to frustration, errors and even disasters (Norman, 

2002). Therefore, it is necessary to apply usability research to both interaction design and 

design evaluations. The definition of usability which used in the present study, is: 

“The extent to which a product can be used by specified users to achieve specified goals with 

effectiveness, efficiency and satisfaction in a specified context of use” (International 

Organization for Standardization, 1998). 

Effectiveness is the accuracy and completeness with which users can achieve their goals. 

Efficiency is described as the resources which have been used in relation to the effectiveness of 

achieving the goals. In other words, the ratio of the output to the input needed when 

performing a task. Satisfaction is the comfort and acceptability of the system for all users 

(Jarrett, Stone, Woodroffe, & Minocha, 2005). 

Web usability 

Web usability researches how users interact with web applications and specifically the user 

interface, the (graphic) front page of the website. Websites came available to the general public 

in the early 90's and functions were showing information in layout form, displaying images 

and digital forms. Websites looked plain and simple, similar to the layout of Wikipedia 

nowadays (plain text and hyperlinks). The World Wide Web Consortium (W3C) was founded 

in 1994, to create a standard in web design code. W3C is to this day still responsible for the 

management of the coding techniques, rules and guidelines. It is important for designers to 

follow these guidelines to ensure that their website will work without errors in standard 

browsers and search engines.  

Nowadays for companies, websites are a must and a way to distinguish themselves from other 

companies and customers should recognize companies online. For example, companies could 

use the same color palette in their office as on their website. This along with technological 

developments such as JavaScript, Flash, XML, CSS, etc. made visual design become more 

applicable in websites. CSS also made it easier to adjust websites, as content and design were 

separated. Now, regular visual designers could start to work as interaction designers. Modern 

websites have stopped being only informative and have become an entire new social area. 

Beautiful homepage designs should give the user an impression of the organization above all 

information that the website has to offer too. Often, this causes that all information about the 

company is on other pages than the homepage or outside the first glance of the user.  
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Figure 1: Example of a modern designed homepage 

One of the current trends that can be seen in website design is a homepage that is much larger 

than the screen can show. In addition, there are many large, broad photos as a sort of mood 

indicator (slideshows), which is shown in the figure above. Figure 1 is an example where fully 

focusing on a visually appealing website could affect the website’s effectiveness and efficiency. 

When arriving on this homepage, nothing will be clear yet about activities or organization of 

this company. A drawback of this design is that most of the information that the homepage 

contains is outside the view of the user. In other words, the user has to scroll in order to find 

information, as is not recommended by Nielsen (Jakob Nielsen, 2010b). Nielsen reports 

results suggesting that 80% of the visitors look at a webpage without scrolling, which implies 

that the hidden (possibly valuable) information is not seen by the majority of users.  

A segment of web usability is knowing where a user has looked on a website, or knowing where 

he might want to look in order to find certain information. With this information elements can 

be discovered that capture user’s attention and elements that are being not being noticed. The 

usability of a user interface could be determined when one knows where users look at. Also the 

efficacy of menu-based interfaces could be assessed. Marketing (eCommerce) is another field 

in which it is essential to know where subjects looked at on a website. For example, whether 

certain advertisements are salient to subjects and whether they are noticed, is crucial 

information for marketeers. This could be researched with the use of an eye tracker. 

Unfortunately, this method is difficult to apply on a large scale and is rather expensive. 

The effectiveness and efficiency of a visual representation is not only influenced by the 

physical presentation but also by the interpretation of the user. The user perceives, interprets 

and evaluates an image presented on the screen, by transforming it from a physical state of the 

pixels on the screen to a psychological representation (Redmond-Pyle & Moore, 1995). The 

user must have an understanding about what actions he can perform, just by looking at the 

visual presentation. This is referred to as a mental model. Whether the user correctly 

interprets the system output (i.e. pixels on the screen) thus depends on his understanding of 
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the system (referred to as mental model). The user’s mental model is influenced by the design 

of the user interface. 

Human attention 

Attention is essential in task performance and allows to concentrate and to focus on goals one 

wants to accomplish. Thus, appropriate allocation of attention is a key factor determining the 

success of one’s activity (Roda, 2011). For a designer, it is necessary to attract users’ attention 

to elements that are needed for good task performance. But what determines where users 

look? 

Attention selectivity can be guided by two processes (Roda, 2011). Either attention is captured 

by external factors, known as bottom-up processing. For example, a salient pop-up while 

surfing the internet. Salience is a large influence in bottom-up processing. The other process is 

known as top-down and is controlled by the subject itself (e.g. knowledge and expectancy of 

what is coming). For example, when a user wants to buy a new cellphone in a warehouse, the 

user will not look at books advertised, but he is focused on completing his goal. Because the 

user focusses on a particular goal, most other (irrelevant) information is missed. Although 

current models of attention agree that attention is a result of an interaction between the two 

processes, task-relevant top-down control can overrule bottom-up processing of task-

irrelevant stimuli at an early stage of visual processing (Kim & Cave, 1999).  

Roda (2011) notes three key determinants that influence capturing one’s visual attention. 

Salience is the first determinant which influences capturing one’s visual attention. Salience is 

determined by how much an element is noticeable, and how much it stands out from the 

background. Bright colors or the large size of an item can make an element more salient. 

Expectancy is the second determinant of capturing one’s visual attention. One can visually 

attend to an item significantly faster when one knows what is coming. Rensink (2011) states: 

“It appears that the experience of seeing is not supported by a dense, static representation that 

accumulates results in a task-indifferent way, but is instead supported by dynamic 

coordination of attention that depends on knowledge of the observer and the particular task 

being done”. This implies that the experience of seeing is mainly influenced by the expectancy 

of what is coming and the task that is being performed (top-down processing). Task-

relatedness is the third determinant of capturing one’s visual attention. A user has a goal in 

mind that he would like to accomplish while performing a task and therefore he will focus on 

it. Thus, a specific task tends to direct attention to specific areas of interest and, therefore, the 

task may influence user’s scanning behavior (Johnson et al., 2012).  
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Human attention in digital environments 

Appropriate allocation of attention plays a huge role in problematic situations faced by a user 

in a digital environment and, therefore, it is important to have an understanding of how this 

works. SEEV is a framework which presents four determinants, which influence the allocation 

of attention regarding large screens (e.g. control centers or military airplane cockpits; Wickens 

et al., 2004). The four determinants largely correspond to the determinants mentioned by 

Roda (2011). The determinants described by Wickens et al. are: 

 Stimulus Salience; 

 The Effort required to execute a shift of attention; 

 The operator’s Expectancy of finding critical information;  

 The Value or importance of the information (task-relatedness). 

Wickens et al. (2004) presents a formula to calculate the probability of capturing one’s visual 

attention. The formula indicates that the allocation of attention, on one hand, is driven by the 

capture of salient events influenced by the effort required to move attention. On the other 

hand, the allocation of an object is also driven by the expectancy of finding it and the 

importance of the information. The probability that users attend to an element depends on the 

following formula: 

P(Attend) = aSalience – bEffort + cExpectancy + dValue 

SEEV is a framework for the probability of capturing one’s visual attention in display design 

for monitoring and control (goal-directed) tasks for military pilots. Since multiple large screen 

were involved in this research, physical effort to move your eyes of head is a part of the 

formula. The present study only uses one computer screen. The effort in this formula should 

be considered as mental effort to shift attention. Users tend to look at elements that are salient 

and require little effort to shift attention. This could supported by placing elements with a high 

value of information in places where users would expect them.  

As mentioned, a major influence of the experience of seeing is top-down processing, such as 

the expectancy of where elements are positioned on a webpage. Because most people have 

experience with many websites, they have built up certain expectations about how websites are 

designed. Designing according to these expectations will increase the websites’ effectiveness 

and efficiency. Nielsen and Tahir wrote a book about these expectations and created 113 web 

usability principles (Jakob Nielsen & Tahir, 2001). In 2003, Nielsen performed a research 

about the ten most violated web usability principles. Below, a short summary is given of the 

most violated web usability principles: 

 Logo in the upper left corner (which functions as a hyperlink to the homepage). 

 Search engine in the upper right corner (with a search button next to it). 

 Navigational items horizontal at the top or vertical on the left side. 

 A hyperlink to the contact details in the upper right corner. 
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While many of these guidelines can apply to web design in general, they are especially critical 

when designing the homepage. The homepage is often the first chance to attract and retain 

each customer, rather like the cover of a book (Jakob Nielsen, 2001). Based on these 

guidelines, people compose their search tactics when they enter a website. So when people 

look for a search box, they tend to look for this box in the upper right corner of the website. 

Research with eye trackers have shown that user’s scanning behavior for text on websites 

follows from left to right and from top to bottom, but not between images (Faraday, 2001). 

Text size also overrules text style (e.g. bold, italic), indicating that a larger font is needed to 

attract attention instead of making words bold. Faraday also notes that text at the bottom of a 

webpage is rarely seen by users. This underpins Nielsen’s findings, that 80% of the user’s only 

looks at the webpage above the fold (Jakob Nielsen, 2010b).  

Eye tracking 

Johnson and Proctor (2004) noted that in general we look at the information we wish to 

attend to. Therefore, researchers can measure where the eyes were looking on the screen in 

order to find whether one has attended to an element (Johnson et al., 2012). An eye tracker 

provides evidence of user’s visual and attentional processes (Duchowski, 2002) and thus can 

indicate where one is looking on the screen. Most eye trackers rely on an infrared camera. By 

emitting infrared light, the eye tracker compares the corneal reflection with the center of the 

pupil to determine the position of the eye on the screen (D. Salvucci & Goldberg, 2000).  

Eye tracking gave much opportunities to use eye movements as a usability research tool in 

human-computer interaction (Ghaoui, 2006). Eye movements could be used to measure the 

efficacy of menu-based interfaces or to measure the visual search processes in order to 

determine the usability of a user interface. Hanson (2004) used an eye tracker to evaluate 

cockpit automation in order to prevent the pilot to miss relevant information (human error). 

The commercial sector is also showing an interest in eye tracking studies, for example, in 

eCommerce to evaluate advertisement design and placement. 

The eye tracker is used in many usability studies that have been conducted. Jacob & Karn 

(2003) summarized 21 different usability studies that used eye tracking, starting in 1950 with 

Fitts, Jones, & Milton (1950) researching military pilots’ gaze percentage (proportion of time) 

on each region of interest (ROI) during aircraft landing approach, until studies performed in 

2002 about the placement of a banner on a webpage. Jacob and Karn choose eye tracking 

metrics that were relevant to the tasks for each usability study individually. These metrics were 

counted up each time they were used to find the most commonly used metrics. Number of 

fixations and gaze percentage (proportion of time) on each area of interest were most used. 

The larger the number of fixations indicates an inefficient search process, possibly because of a 

badly designed interface. A large proportion of time spend in an area of interest could indicate 

the importance of this particular element. Another popular eye tracking metric is scan path. A 

scan path is formed by a sequence of fixations and could indicate the usability of the 

arrangement of elements in the user interface. 
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Note that individual scan paths could be very noisy. However, when multiple traces are 

combined, patterns could emerge. These patterns could tell where users were visually focused 

at (Ehmke & Wilson, 2007), which makes it possible to understand what parts of the design 

were looked at, and which parts were overlooked. A dominant viewing pattern for scanning a 

webpage is an F-shaped pattern (Nielsen, 2006). By visualizing eye tracking data of 232 users 

looking at thousands of websites this was shown. Users first read or scan via a horizontal 

movement the top of a webpage, indicating the top of the F-pattern. Secondly, users scan a 

second horizontal path, which is a bit shorter and lower than the first path that was looked at, 

indicating the lower horizontal bar of the F-shaped pattern. The third movement is a vertical 

movement at the left side of the content, indicating the stem of the F-shaped pattern. 

However, Nielsen mentions that this pattern is not always exactly applied and that, for 

example, the space between the first two horizontal bars may vary, as can be seen in Figure 2. 

 

Figure 2: Examples of the F-shaped viewing pattern (Nielsen, 2006) 

In Figure 2 the F-shaped viewing pattern is shown at three different examples of webpages. 

The example on the left, an ‘about us’ webpage of a commercial company, the F-shaped 

pattern is focused at the content of the webpage. When looking at the example in the middle, 

an eCommerce website, the two horizontal scanning bars are widely separated, probably 

because of the product image in the center of the webpage. When looking at the right example, 

a results page of a Google search, the horizontal bars are much more together since all the 

results have to be scanned. Also a third horizontal movement could be added, making the 

pattern look more like an E-pattern. When designing webpages, one can think that not 

everything of the webpage will be read, and that probably the first two paragraphs are most 

looked at.  

There are still opportunities in linking eye tracking data to cognitive activity to ensure the 

further inclusion of eye tracking in usability studies. At the moment, the largest question is 

what aspects of the location of the eye help in what usability studies (Jacob & Karn, 2003). Too 

little is known about eye movements directly linked to general usability problems, and 

therefore more visual behavior data is necessary (Ehmke & Wilson, 2007). Unfortunately, eye 

tracking is still less stable and less accurate than most manual input devices. So what if not the 

eye, but the mouse could tell us more about visual behavior? 
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Previous research about the agreement between mouse and eye 

movements. 

Chen, Anderson, and Sohn (2001) report data suggesting that mouse movements could 

provide more information than just the coordinates what subjects are pointing to on the 

screen. Five subjects were instructed to freely surf for five minutes on each of four websites 

without a particular task. A comparison was made between the position of the eyes and the 

position of the mouse to see if they were in the same predetermined areas of interest. The 

results showed that the eyes visited more regions than the mouse movements did. Many of the 

regions (84%) that the mouse visited were also visited by an eye gaze, but there is no evidence 

that this was at the same time. The regions were fairly big (only six on the whole webpage) 

which also increased the likelihood that the mouse and the eye were positioned in the same 

area. The participants were not instructed to follow their eye movements with the mouse, 

which indicates that ‘free’ mouse behavior was measured. The coordinates of the movements 

of both the eye and mouse were not directly compared. 

Where Chen et al. (2001) had no specific instructions for the subjects, Cooke (2006) examined 

the similarities between eye- and mouse movements while subjects had to perform search 

tasks on websites. Ten subjects had to search for four web pages within the Washington State 

Department of Licensing website. In this study a think-aloud protocol was applied. 

Timestamped transcripts were made of the verbalizations and supplemented with qualitative 

descriptions of eye and mouse movements. Instead of comparing the coordinates, each item 

out of the transcript was examined to see if the description of the mouse and eye movements 

matched position. The position of the eye movements matched the position of the mouse 

movements for 69% across all tasks. Therefore, the mouse can be considered as a “poor man’s 

eye tracker”, according to Cooke. Because of the small sample size the results should be seen as 

exploratory.  

Johnson et al. (2012) studied the correlation between eye- and mouse movements while 

subjects, with clear instructions to follow the eye movements with the mouse, had to look at 

static advertisements presented on a computer screen.  The 47 subjects could look for five 

seconds at each of the 21 magazine advertisements. There were no navigational instructions 

involved, so the mouse had no other function than to follow the eyes. After the participants 

were finished, a surprise memory test followed. The eye and mouse paths were compared with 

bidimensional regression, which assessed the geometry between these two-dimensional 

variables, comparing the exact coordinates of the eye gaze and the mouse movements. The 

outcome showed an average correlation of 0.88 between mouse and eye movements. The 

bidimensional regression also showed that the mouse scan path was located rightwards above 

of the eye scan path. The mouse scan path was also factor 0.8 smaller than the eye scan path, 

and rotated 11 degrees clockwise.  
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This study also showed that there was a time lag in the mouse movement with respect to the 

eye movements. This delay affects the correlation between eye- and mouse movements and, 

therefore, it was necessary to compensate for that lag. This was performed by determining the 

best fit (bidimensional r). On average, 0.6 seconds from the beginning of the mouse data were 

discarded, causing all the mouse movements to move up. Thus, automatically 0.6 seconds at 

the end of the eye-movement data were discarded, because there were no mouse movements 

left. 

What can be concluded from these conducted researches is that mouse movements could 

indicate where one has visually attended too, but to what extend is rather unclear. It is also 

unclear to what extend mouse movements could reveal visual scanning behavior in during 

web-based task performance (i.e. if clicking with the mouse affects the eye and mouse 

agreement) since the exact coordinates of the mouse and the eye movements were never 

compared. In goal-directed behavior eye movements reflect where one is looking at while 

searching, and normally the mouse clicks reflects the outcome of the searching process. If 

subjects are able to follow their eye gaze with the mouse during web-based task performance, 

then mouse movements could be used to gather insights about search behavior on websites. 

The added value of mouse tracking is the fact that the mouse movements could be gathered 

remotely and could show the whole search process (viewing behavior and mouse clicks). 

Cognitive Modeling 

Measuring human behavior could be labor intensive and it could be hard to find enough 

participants. Cognitive modelling is the field of computer science that simulates and predicts 

human behavior in a computerized model. ACT-R is a cognitive architecture (Anderson, 2007) 

which is based on assumptions about human cognition. There are several criteria which 

indicate if a cognitive model is a good model.  There are functional criteria where the model 

has to show intelligent behavior appropriate for the task. There are behavioral criteria where 

the model has to perform the task human like (in the same way as humans do). Last, there are 

neurophysiological criteria where the model has to be trustworthy to what happens in the 

brain. 

The Model Human Processor (Card, Moran, & Newell, 1986) has no theory on knowledge 

representation or knowledge processing but could make predictions about timing. ACT-R 

though, is a hybrid architecture that has symbolic aspects derived from artificial intelligence 

(Anderson & Lebiere, 2003) and has adapted learning and activation principles from neural 

networks. ACT-R most important assumption is that human knowledge is divided in two 

types; declarative and procedural. ACT-R is based on different modules; perceptual-motor- 

and memory modules which are mostly used for memory, attention and executive control. 

There are specific ACT-R models for tasks that can predict; reaction time (RT), learning curves 

and eye movements. Researchers can add their understanding about a certain task into the 

ACT-R framework. These assumptions could be tested by comparing the model results with 

the results of subjects doing the same tasks. 



  17 
 

In ACT-R there is a visual module that processes vision. The visual module is based on EMMA, 

that provides account of eye movements and their interaction with the cognitive processor 

(Salvucci, 2001). This model assumes that eye movements follow shifts of attention in order to 

get a better picture. However, eye movements are slow and do not involve total tracking. Still, 

the agreement between the predicted eye movements and the data are good in certain driving 

tasks (Anderson, 2007). A cognitive model for predicting eye movements during web page 

search is the computational cognitive model of Information Foraging on the Web (Chanceaux, 

Guérin-Dugué, Lemaire, & Baccino, 2009). This model predicts eye movements during a web 

search based on both visual (bottom-up) and semantic (top-down) information and memory. 

The model can predict eye movements during a web search quite well, although there are still 

challenges in matching the sequence of blocks which participants attended too. This model is 

also only applicable on a single webpage, so far. 

A drawback of cognitive modeling is that statements composing the task cannot be vague or 

imprecise (Sun, Fun, Del Missier, & Stocco, 2007). All elements should be described in full 

detail in order to model the correct behavior. These details could be described well in an 

experimental, controlled setup, but are hard to describe in ‘real-world’ situations. Another 

challenge in cognitive modeling is to predict the users background knowledge and other 

external elements of influence (e.g. salience; West & Emond, 2001). Most experiences users 

have, are unique and it is a challenge to model how salient elements are to them. West and 

Emond conclude that they do not believe that simulated participants (cognitive modeling) can 

replace human participants in usability testing. Suggested is to have both measuring 

techniques complementing each other. 

Mouse tracking software 

In contrast to eye movements, capturing participants’ mouse movements can be done 

remotely, which makes it easier to collect. The participants can be at home, in their own 

environment, performing tasks that are relevant to them and do so without taking into account 

the researchers are watching their behavior. This makes it possible to observe ‘free’ mouse 

behavior. The added value of mouse tracking is the fact that the mouse movements do not only 

show where visitors end up clicking, but also what they do with their mouse before clicking. 

Given that the mouse may indeed give more information than just the coordinates where 

subjects are pointing to, mouse tracking applications were researched. There are several 

software methods that claim to use mouse movements to describe (visual) behavior. None of 

the three methods, however, describe or appear to prove the link with natural eye movements. 

Mueller and Lockerd (2001) tracked the mouse movements in goal-directed behavior to create 

a user model called ‘Cheese’. Seventeen subjects had to perform specific tasks on websites (e.g. 

ordering a CD). They found common mouse behavior among the subjects which allowed the 

model to make accurate predictions of the user interest. For example, Mueller and Lockerd 

found that 30% of the participants used the mouse as a pointer while reading and that other 

participants used white space on a website to provide the mouse a place to rest. They were also 
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able to predict participants’ second choice in a CD buying task, with 65% accuracy, based on 

the mouse movements. This indicates that more information can be distracted from mouse 

movement activity, than just the coordinates subjects are pointing to.  

The Enhanced Restricted Focus Viewer (ERFV) is a system based on mouse movements that 

collects the path of users’ visual attention as they browse (Tarasewich, Pomplun, Fillion, & 

Broberg, 2005). The webpage is blurred except for a small focus window around the mouse 

location. This way one can investigate which information is necessary for a user to complete 

certain tasks. The subjects have to move the mouse to locations in order to see what 

information it contains. A drawback is that users might not behave as they normally would do 

due to the blurred webpage. Therefore, this method is not suitable for the measurement of 

visual scanning behavior via the mouse. 

MouseTrack is a web-based usability tool which was developed at Massachusetts Institute of 

Technology, Cambridge, USA (Arroyo, Selker, & Wei, 2006). It records mouse movements as 

an indicator of visual attention, for example, users sometimes use the cursor as a reading aid. 

MouseTrack is completely web based, which ensures the mouse movements could be recorded 

remotely without any installation on the users’ computer. However, this tool is does not 

involve instructions to follow the eye movements. Future work would be fully validating their 

approach by correlating eye movements to the mouse movements. The tool measures the same 

data as in this present study, and therefore the present study could be the validation of this 

MouseTrack tool. MouseTrack is easy to apply (web-based, no setup required) and can be used 

for observing mouse behavior on user interfaces. 

To assess whether we can use mouse movements to measure visual scanning behavior, the 

relationship between eye- and mouse movements when performing web-based tasks has to be 

assessed. Once knowing what the relationship is between the eye and mouse movements, the 

following question could be answered. Can we use mouse movements to measure visual 

attention for website evaluation? 

If the mouse can be used to measure viewing behavior during web-based task performance, the 

scientific relevance of this experiment is clearly significant. The mouse movements of lots of 

people could serve as a quantitative viewing behavior tracker which would be great input for 

the field of human-machine communication. This study looks at the application of a new 

research method which measures behavior that before only could be measured with an eye 

tracker. It will enable new ways of remote usability testing which has never been done before.  
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EXPERIMENT 

To measure whether the relationship between eye- and mouse movements is influenced by the 

web-based tasks, an experiment was conducted in which 31 participants had to execute eleven 

basic, web-based tasks. The tasks included navigational tasks, searching information or cutting 

and pasting a term in a search box. The web-based tasks consisted of three categories to 

measure whether the relationship between the eye and mouse movements is influenced by 

different activities of the mouse. These categories were based on a varied use of the mouse, 

since the keyboard was not included in this experiment. The categories were: search and click, 

copy-paste, and check and find. The participants had to refine an existing search-task by 

checking some options in the last category. The tasks divided over the categories are shown in 

table 1.  

Table 1: The tasks that were used for this experiment divided in categories. 

Search and click Copy-paste Check and find 

Memphis musical Mayor of Southaven Memphis Travel 

Taco Bell Library of Memphis Pearcy’s Auto’s 

University of Memphis Memphis Airport  

Washington State 

Department of Licensing 

RadioShack  

 BookTrader  

 

The mouse had two functions; following the eye gaze and navigating through the websites. 

Participants received a verbal instruction and a little training beforehand, which taught the 

participant to follow their eyes with the mouse. After the short training, participants had to 

perform a training task. Eye movements were captured by an eye tracker (SR Research 

EyeLink 1000), and mouse movements were logged via an infrared handheld mouse. After the 

training task the experiment automatically started the eleven tasks that must be performed. All 

participants performed the web-based tasks in the same sequence.  
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METHOD 

Participants 

31 Participants performed 11 web-based tasks. The mean age of the participants was 24 years 

(SD = 2.5). There were 14 females and 17 males. Half of the participants (16) were university 

students of the Faculty of Mathematics and Natural Sciences at the University of Groningen, 

the other half (15) was either a student from another school in Groningen (5) or was already 

graduated and working (10). Participants of the study received no compensation or reward for 

their participation. None of the participants wore glasses or contact lenses and all participants 

were right-handed. 

Web-based tasks 

All participants had to perform 11 tasks. Each time a new task starts, participants first arrived 

on an introduction screen where the task was explained. The participants were reminded that 

the mouse should follow the eyes, at every introduction screen. Once the participant clicked 

the start button, the website appeared. Below, all 11 tasks are described. At each task, the 

amount of clicks, that were needed to carry out the task, are described. The tasks were 

presented in the same order for all participants. The sequence of tasks was chosen randomly. 

1. Memphis musical (3 clicks needed to complete the task) 

Scenario: You are about to enter the website of Memphis the Musical. You want to follow this 

musical on twitter. Task: Look on the website for the button that allows you to follow the 

musical on twitter and proceed to follow Memphis the Musical on twitter. 

2. Taco Bell (3 clicks needed to complete the task) 

Scenario: You are about to enter the website of Taco Bell. You want to look for some nutrition 

facts of Iced Coffee. Task: Find in the nutrition facts how much calories an Iced Coffee - Mocha 

16 oz. has.  

3. Mayor of Southaven (5 clicks needed to complete the task) 

Scenario: You live in Southaven, Mississippi and you want to visit the mayor at the mayor's 

office. Task: Find the contact details of the mayor by copy-pasting his name in the search 

bar and go to the mayor's office page. Copy the following name by using the mouse (right-

click-copy): Mayor of Southaven. 

4. Memphis Travel (5 clicks needed to complete the task) 

Scenario: You are looking for a hotel in downtown Memphis. That’s why you visit the 

MemphisTravel.com website. This website gives you all kind of information about travelling to 

Memphis. Task: Search in 'where to stay' for a hotel that is located in downtown Memphis. 

When you have found the hotel, find the nightly rates. 



  21 
 

 

5. University of Memphis (4 clicks needed to complete the task) 

Scenario: You are a future student of the University of Memphis and you want to find some 

information about living on the campus. Task: Find as a future student information about 

"residence life: Why live on the campus?" 

6. Library of Memphis (5 clicks needed to complete the task) 

Scenario: You are at the website of the library of Memphis and you are looking for a book. 

Task: Find the ISBN-number of the book 'The Hungry Season' written by T. Greenwood. Copy 

the following book title by using the mouse (right-click-copy): The Hungry Season. 

7. Washington State Department of Licensing (3 clicks needed to complete the task) 

Scenario: As a citizen on the State Washington you lost your driver license and you want to 

replace it. Task: Find the webpage that tells you how to replace your lost driver license. 

8. Memphis Airport (7 clicks needed to complete the task) 

Scenario: You are expecting a friend of yours to arrive at Memphis International 

Airport tomorrow. You have his flight number but you are not sure what time he is 

arriving. He is flying with American Airlines.  Task: Find the arrival time of the flight (number 

is written below). Also find where the plane is coming from. Copy the following digits by using 

the mouse (right-click-copy): 2216. 

9. RadioShack (6 clicks needed to complete the task) 

Scenario: You want to buy the latest 7 inch tablet from Google at RadioShack. Task: Find 

the Nexus 7 from Google 32GB Tablet page via the search bar and add the device to your 

shopping cart. Copy the following device name by using the mouse (right-click-paste): Nexus 7 

from Google 32GB Tablet. 

10. Pearcy’s Auto’s (8 clicks needed to complete the task) 

Scenario: You are shopping for a new car online. You really want a Cadillac Deville from 

2000. A friend of yours gave you this website. Task: Search in the inventory for a Cadillac 

DeVille Base from 2000.If you have found the car, look for the price. 

11. BookTrader (6 clicks needed to complete the task) 

Scenario: You are looking for a book named: The Perfect Hope and you don't know the author. 

However, you want to make a book request for the paperback version. Task: Request The 

Perfect Hope paperback version. Copy the following book title by using the mouse (right-click-

copy): The Perfect Hope. 
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As mentioned before the tasks are divided over three categories: search and click, copy-paste, 

and check and find. The first category were navigational tasks which were specifically 

described: participants had to look for specific information. The second category was almost 

the same, but the participants had to copy-paste a term in the search bar. After this was done, 

the participant had to look for specific information as well. The last category was where the 

participant had to refine an existing search-task by checking some options. The participants 

did not know this, and therefore, the tasks were described more freely than tasks from 

categories one and two. 

Stimuli 

The eleven tasks were all performed on existing websites. The sites, and the corresponding 

tasks, consisted of multiple pages. To control expectancy (SEEV framework) and ensure 

participants were not familiar with the websites and did not exhibit “trained” behavior, the 

websites had to be relatively unknown to the participants. Therefore, most of the websites were 

from local businesses in and around Memphis, Tennessee, USA. However, some websites were 

from other places in the United States.  

Another element of the expectancy is web conventions, or in other words, expectancy of the 

location of certain elements on a webpage. The websites used for the experiment were also 

selected be just regular websites, so they had to follow the web conventions. When all websites 

follow the same web conventions the influence of the tasks on the relation between the eye and 

mouse movements could be seen. Most of the websites followed the standard web conventions. 

Below (Figure 3) is an example of two websites and the same task needs to be performed. The 

task on both websites was to copy-paste a term into the search bar. The website on the left 

(RadioShack), however, is following the described web conventions like the logo on the upper 

left corner, horizontal menu bar at the top of the page, and a search bar in the upper right 

corner. When looking at the website on the right (Memphis Airport), these web conventions 

are not followed. There are two search bars and they are placed in the left corner of the 

webpage. This can cause confusion for the participants and this will show whether the relation 

between eye and mouse movements is influenced by these web conventions and the 

expectancy of the placement of elements. 

 

Figure 3: RadioShack homepage (left) and Memphis airport homepage (right). 

 



  23 
 

The sites that were used for the experiment were all stored offline to eliminate factors such as a 

poor internet connection. Screenshots were taken from the required pages and these were 

linked together in an HTML-prototype by using Axure. Axure is a wire-framing, prototyping, 

and specification software tool for web and desktop applications. The websites were not fully 

reproduced in Axure, but only the relevant path that was needed for the tasks, and a number of 

dead ends were made. Wherever possible, the prototypes were made as realistic as possible 

(i.e. by creating interactive fly-overs). For each website, there was a start screen containing 

instructions that were relevant to the website. This introduction page always consisted of a 

scenario, the task (with the required copy-paste term if needed) and a reminder that the mouse 

should indicate the eye gaze. Each time a participant finished a task, the introduction screen 

for the new task appeared. Participants could decide when to start the task by clicking the start 

button. 

Measures 

For obtaining and storing the position where participants looked at on the computer screen, 

the standard Eyelink module in Python (Pygame), provided by SR Research (SR Research Ltd., 

2005), was used. In order to compare the coordinates, the eye coordinates were stored with 

the same frequency as the mouse coordinates. An average meaningful reading saccade lasts 

about 20-40 ms (Rayner, Foormane, Perfetti, Pesetsky, & Seidenberg, 2001), and therefore, 

eye movements should be captured at a rate of 50Hz in order to capture all meaningful 

saccades. Both the eye and mouse movements were captured 50 times per second (50Hz). 

Finally, mouse clicks were also logged in order to determine the exact location (webpage of the 

task) of the participant. 

Apparatus 

The stimuli were presented on a Dell monitor (1024x800 resolution; 28 cm wide x 22 cm high) 

driven by a Mac Mini (2,5 GHz dual-core) running Windows XP. Eye movements were 

recorded with a SR Research EyeLink 1000 with EyeLink 1000 additional host computer (SR 

Research Ltd., 2005). The EyeLink 1000 had a remote camera upgrade and a desktop mount 

(which ensures the participants head was still during the experiment). By emitting infrared 

light, the eye tracker compares the corneal reflection with the center of the pupil to determine 

the position of the eye. The camera was placed below the computer monitor at a distance of 

50-60cm from the participant, in a dimly lit room. The eye-tracker was set to capture the eye 

position 50 times per second (50Hz).  

Calibration was carried out at the beginning of the experiment. The calibration consisted of 

following nine dots, both the mouse and the eyes, which were presented on the computer 

screen at high speed. This sequence had to be performed a second time in order to validate the 

calibration. 
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The mouse movements were recorded by logging the position of the handheld, infrared 

Logitech computer mouse. The experiment was conducted at the Faculty of Mathematics and 

Natural Sciences at the University of Groningen.  

In order to make the websites visible, the wx.python module was used. This unfortunately did 

not work together with Pygame. Therefore, a specialized code had to be written for this 

experiment. 

Procedure 

The experiment started with a brief explanation of the research. The emphasis in this 

explanation was on indicating eye movements with the mouse. After that, the participants 

were asked to fill in a short questionnaire (Appendix 2). This questionnaire was about age, 

dominant hand (which is used for mouse usage), education, computer experience and internet 

experience. After the questionnaire, an extensive explanation of the experiment was given. 

Participants were told that they had to perform eleven simple web-based tasks, while 

indicating with the mouse where one was looking. 

This was followed by a short practice for the participants to use the mouse to indicate where 

one was looking on the screen. This was combined with the calibration of the eye tracker. The 

first task of the experiment was used as a training task, although the participants did not know 

this was also part of the training. The training task (trial) was excluded from data analysis. 

After this first training task, the eleven experimental tasks were presented. 

Once all tasks were performed, the participant was thanked for his participation and a 

complete explanation of the study was given. The entire experiment lasted approximately 15 to 

20 minutes per participant. 

Data analysis 

When the eye-tracker could not get a position of the eye (e.g. during eye blinks), this created 

an empty entry in the data files. During the data analysis, these empty entries were replaced 

with an average of the last known eye position and the first known eye position afterwards. 

These entries were replaced as long as the slot was not longer than 200ms (ten entries).  When 

the missing slot was longer than 200ms, the specific task for the participant was discarded. In 

total 31 participants were tested. There was one participant which had more than half of the 

tasks excluded for analysis. This participant was excluded from the study. Without this 

participant, out of the total of 330 tasks (30 participants performed eleven tasks), there were 

six tasks excluded from analysis.  

Because mouse movements were slower than eye movements (i.e. people have to look at an 

element first in order indicate where they are looking), it was essential to make a correction for 

the delay of the mouse movements. This was done in the same way as in Johnson et al. (2012), 

by determining the best fit (bidimensional r) between the eye and mouse movements. Each 

time one entry was discarded from the beginning of the mouse data causing one entry at the 

end of the eye movements data to be redundant. This was done until the best bidimensional r 
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was found. On average, 0.15 seconds at the beginning of the mouse movements was discarded, 

as was 0.15 seconds at the end of the eye movements.  

Bidimensional regression 

Bidimensional regression (Friedman & Kohler, 2003) was used to assess the agreement 

between the eye and mouse scan path. This method compares two configurations of points for 

assessing the geometry between two-dimensional variables (e.g. scan paths of participants). 

The technique assesses the agreement between two scan paths and calculates how the two 

paths differ in rotation, expansion, horizontal and vertical translation differ.  

This method provides the following average values after comparing the degree of resemblance 

between the two scan paths: overall correlation between the scan paths (r), and the rotation 

(θ), scale (ø), and translation (both horizontal, and vertical; α1 and α2) of the least square 

solution relative to the eye scan path. 

r² expresses the ratio of the explained variance to the total variance among the dependent 

variables’ scores. The rotation angle (θ) determines how much and in which direction the 

mouse scan path is rotated with respect to the referent (eye scan path). If θ is positive, the 

mouse scan path is rotated counterclockwise with respect to the eye scan path. If θ is negative, 

the mouse scan path is rotated clockwise. The scale parameter (ø) indicates the contraction or 

expansion of the mouse scan path relative to the path covered by the eye. A scale parameter ø 

< 1 indicates a contraction, and a scale parameter ø > 1 indicates an expansion. The translation 

(α1 and α2) is the average shift of the mouse scan path relative to the eye scan path. This 

translation is presented in horizontal translation (α1) and vertical translation (α2). With a 

positive α1 the mouse scan path is shifted to the right, and with a positive α2 the mouse scan 

path is shifted upwards. 

The parameters derived from the bidimensional regression make it possible to recognize 

characteristics of viewing patterns. Using these parameters, the viewing patterns can be 

compared across individuals and groups. 

Coordinate transformation 

When the parameters of the bidimensional regression are being calculated, the method 

assumes the origin of coordinates (0,0) is at the left bottom, like the normal axis system. 

However, when measuring the eye and mouse coordinates from the screen, the origin of 

coordinates (0,0) is at  the left top of the screen, implying the scan paths are plotted upside 

down when using bidimensional regression. Therefore, the measured y-coordinates were 

transformed. Point (10,10) was transformed to (10,790), since the screen was 800 pixels high. 

This transformation only impacted the translation and rotation parameters. The correlation 

and the scale parameter stayed the same. 
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RESULTS 

Bidimensional regression per task 

By comparing the scan paths of the eyes and mouse using bidimensional regression (Friedman 

& Kohler, 2003), various parameters of the relation between the eye and mouse movements 

were calculated. This method provided the following values: overall correlation between the 

scan paths (r), and the rotation (θ), scale (ø), and translation (both horizontal, as vertical; α1 

and α2) of the mouse scan path relative to the eye scan path.  

Correlation 

Large correlations were found between the eye- and mouse movements, with an average of 

0.72 (SD = 0.15). Below, the distribution of the correlations between the eye- and mouse 

movements can be seen of all participants throughout the experiment (all tasks). The line 

through the boxplot indicates the trend line of the average correlations.  

 

Figure 4: Overall correlations between eye and mouse scan path per task. 
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Translation of scan paths 

The translation is the average shift of the mouse scan path relative to the eye scan path. This 

translation is presented in horizontal translation and vertical translation. The data suggests 

that the average position of the mouse is shifted rightwards, 180 pixels (SD = 52.17), t(29) = 

22.28, p < 0.001, and shifted upwards 140 pixels (SD = 34.26), t(29) = 16.45, p < 0.001, 

relative to the position of the eye. On a computer monitor this implies an average rightwards 

translation of 3.85 cm and an average upwards translation 4.9 cm of the mouse scan path 

relative to the eye scan path. 

Scale parameter 

The scale parameter, with an average value of 0.62 (SD = 0.06) reflects the mouse scan path 

covered a smaller area than the path covered by the eye. This parameter is significantly 

different from 1 (indicating both scan paths are of the same size), t(29) = -25.08, p < 0.001.  

Rotation 

The rotation parameter, with an average value of -0.51 degrees (SD = 3.82), is not significantly 

different from 0, t(29) = -0.83, p = 0.41, indicating that the mouse scan path is not rotated 

relative to the eye scan path. 
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Bidimensional regression per task category 

The tasks of the experiment were split up in three different categories. The categories were: 

search and click (1), copy-paste (2), and check and find (3). Table 2 shows the different 

average parameters between the eye and mouse movements over the three task categories. 

Table 2: Average parameters of bidimensional regression over tasks categories. 

Category Correlation 

(r) 

Horizontal 

translation (α1) 

Vertical 

translation (α2) 

Scale (ø)  Rotation 

(θ) 

1 0.74 164.69 159.10 0.62 2.26 

2 0.72 187.35 166.45 0.65 -1.46 

3 0.66 217.23 186.57 0.52 1.96 

 

The correlations were Fisher transformed, for further analysis. One-way repeated measures 

ANOVA was used to compare correlations of tasks in the three categories. Before the RM-

ANOVA was applied, the data was checked for normality with a Q-Q plot. 

 

Figure 5: Q-Q plot of Fisher transformed correlations 

The Q-Q plot indicated a normally distributed data set with a few outliers. Since RM-ANOVA 

is robust against slight violations of the normality assumption, a RM-ANOVA was conducted. 

The RM-ANOVA with category as factor showed that there was a significant difference 

between correlations per task-category (p = 0.004). A post-hoc Tukey test was performed to 

find out between which task categories differed. Only between task-category one (search and 

find) and three (check and find), a significant difference was found, F(1, 319) = 6.16, MSE = 

0.07, p = 0.04.  
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Correlation and web conventions 

When comparing two copy-paste tasks (RadioShack and Memphis Airport), differences in 

correlation were found (0.75 and 0.69). Although the tasks looked alike, the websites did not. 

When looking at the website conventions, the RadioShack website has its search bar located in 

the upper right of the webpage, as expected. The website of Memphis airport, did have its 

search bar in the exact opposite (bottom left) of the webpage, and another search bar in the 

lower middle of the webpage. The search bars are indicated with a red circle in Figure 6. When 

a paired t-test was applied over the Fisher transformed correlations of these tasks, a significant 

difference was found, t(29) = -2.06, p < 0.05).  

 

Figure 6: RadioShack homepage (left) and Memphis airport homepage (right). 
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Visual results 

Below, two images of the viewing and mouse behavior are given of a single participant on a 

single webpage of the Taco Bell task. The participant had to look for nutrition facts of Iced 

Coffee. In order to find these facts the participant had to click on the menu item nutrition. The 

start is in the middle of the image, and the participant looks, via the advertisement/search bar 

(right), at the ‘nutrition’ button (upper left). 

Eye Scan Path 

 

Figure 7: Eye scan path of a single participant on one webpage of the Taco Bell task. 

Mouse Scan Path 

Below, the nearly identical mouse scan path can be seen. The mouse movements have some 

tighter lines and the eye saccades were only to some extent indicated. The mouse movements 

were slightly lower and to the right compared to the eye movements. The average viewing 

behavior of the participant is displayed via mouse movements. 

 

Figure 8: Mouse scan path of a single participant (same as figure 7) on one webpage of the 

Taco Bell task. 
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Eye and mouse scan path together in a complete task 

Visual examples of single participants are interesting because there is no need to show average 

viewing patterns across all participants. This study is not about where participants have 

looked, this study is about the agreement between the mouse and eye movements, and when 

visualizing one can imagine how this agreement looks.   

Below, in Figure 9, an image of the viewing- and mouse behavior of a single participant on the 

complete Taco Bell task is given in one plot. There is no background image because these paths 

cover different webpages of the complete task. If one looks at the overall agreement between 

the mouse and eye movements, the background is not important. The task starts in the middle 

of the plot and follows to the upper right of the graph as it continues further. Again, the mouse 

scan path (red line) is on average somewhat lower than the eye scan path (blue line). 

 

Figure 9: Both eye and mouse scan paths together of a single participant on the complete 

Taco Bell task. 

These (Table 3) are the average values from the bidimensional regression of this particular 

participant. Figure 7 shows that the two scan paths look like each other, the parameters of the 

bidimensional regression substantiate that (r = 0.95). The translation parameters suggest that 

the mouse scan path is right under the eye scan path. The mouse path is factor 0.92 smaller 

than the eye scan path, and slightly clockwise rotated. 

Table 3: Average values from bidimensional regression from this particular participant. 

Correlation (r) Horizontal 

translation (α1) 

Vertical 

translation (α2) 

Scale (ø) Rotation (θ) 

0.95 35.00 -3.85 0.92 0.70 
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Figure 10 shows the viewing- and mouse behavior of another single participant on the 

complete Library of Memphis task. 

One can see that the mouse movements indicate where the participant is looking, but the 

mouse cannot show all of the eye saccades. Especially on the left and the top of the graph, one 

can see some eye saccades where the mouse does not follow. 

 

Figure 10: Both eye and mouse scan paths together of a single participant on the complete 

Library of Memphis task. 

Table 4 shows the average values from the bidimensional regression of this particular 

participant that is presented above (r = 0.73). The translation parameters suggest that the 

mouse scan path is on average right above the eye scan path. The mouse path is factor 0.77 

smaller than the eye scan path, and slightly clockwise rotated with 6.73 degrees. 

Table 4: Average values from bidimensional regression from this particular participant. 

Correlation (r) Horizontal 

translation (α1) 

Vertical 

translation (α2) 

Scale (ø) Rotation (θ) 

0.73 184.36 57.84 0.77 6.73 



  33 
 

Heatmap of mouse movements 

The results showed that participants were able to indicate where they were looking with the 

mouse. This makes the mouse a good tool for measuring viewing behavior in goal-directed 

behavior. To see an application of this method for measuring visual scanning behavior via 

mouse movements, for example in usability studies, the mouse movements of all participants 

were combined into a heat map.  

Below, an example of this heatmap is shown. This example is an evaluation of the visual 

scanning behavior of all participants measured via the mouse. This method could also be used 

for evaluation of viewing behavior of individuals.  

The task was to find as a prospective, future, student how it is to live on a university campus. 

Participants had to click on ‘Future students’, which is the first item in the menu on the left, to 

execute the task. Presented are the mouse movements on this particular webpage of 30 

participants who participated in the experiment.  

 

Figure 11: Viewing behavior measured via mouse movements of all participants. 

In this heatmap, the common F-shaped viewing pattern, found by Nielsen (2006), can be seen 

via mouse movements of the participants. Page-wide horizontal viewing movements can be 

seen at the top of the webpage. Thereunder, somewhat shorter horizontal viewing movements 

can be seen. On the left side of the webpage, the vertical stem of the F-shaped viewing pattern 

can be seen, although the stem in not that long. These results underpin that the common scan 

pattern was applied by the participants of this experiment.  

This heatmap was not made to evaluate the usability of this webpage, but was made to show an 

application of plotting mouse movements to reveal visual scanning behavior of the 

participants. 
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DISCUSSION 

This study assessed whether mouse movements could be used to measure visual scanning 

behavior on the computer screen. The bidimensional regression compared the exact 

coordinates and it calculated that the mouse movements do have a good relation with eye 

movements while performing web-based tasks. Although the paths of the mouse and eye 

movements are not entirely identical, the mouse movements can still give a good indication of 

the areas that were looked at by participants. On average, there is both a horizontal (3.85 cm) 

and a vertical translation (4.9 cm) of the mouse movements compared to the eye movements. 

The mouse scan path also covered a smaller area than the eye scan path. A reason for this 

contraction could be that the mouse is not able to follow all eye saccades. Each time when an 

eye saccade towards the side of the screen took place and the mouse did not follow, it made the 

eye scan path bigger with respect to the mouse scan path. 

The tasks of the experiment were split up in three different categories. The categories were: 

search and click, copy-paste, and check and find. A significant difference in the correlations 

between the first and third task category was found. In the last category, the participants had 

to refine an existing search-task by checking some options, which demanded a higher cognitive 

load. In other words, the tasks were more difficult since they were less precisely described and 

there was more room for error, which led to a lower correlation. Apparently one is less able to 

indicate with the mouse where one looks simultaneously when the task is more difficult. 

There is also a significant difference in the correlations between task 8 (Memphis airport) and 

task 9 (RadioShack). These were both copy-paste tasks, but the websites differed. In task 9 the 

search bar was at the upper right of the homepage (as expected), and in task 8 there were two 

search bars at the bottom left of the homepage. The Memphis airport website was not 

following common web conventions like having the search bar on the upper right of the 

webpage or having a menu bar on top or the left side of the screen. Probably this confused the 

participants and led to a lower correlation between the eye and the mouse movements.  

The fact that there was a horizontal translation in the mouse scan path with respect to the eye 

scan path may be due to the fact that all participant were right-handed participants. However, 

this cannot be analyzed since there were no left-handed participants who conducted this 

experiment. This is an interesting question for future research. The fact that there is a vertical 

translation in the mouse scan path, may be due to the fact that there was some reading 

involved in the tasks. When the mouse cursor is placed in the exact position where the 

participant is looking at in order to read, this disturbs the reading. Another possibility for the 

vertical translation is that the eye tracker was placed under the computer screen. Due to the 

relatively low position of the eye tracker, possibly lower measurements were recorded. The real 

cause of the average translation of the mouse scan path is an interesting question for future 

research. 
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The fact that visual scanning behavior could be measured via mouse tracking does not make an 

eye tracker redundant. Eye trackers still give interesting information, and could be used in 

experimental studies, or when the exact location of the eye is needed. Mouse-tracking could be 

used as a validation or indication of the viewing habits of users, such as in remote usability 

tests. This research proves that the mouse is more than a hand-operated electronic device that 

controls the coordinates of a cursor on your computer screen, and that an eye-tracker is not 

always needed to measure visual scanning behavior. 

In the study presented by Johnson et al. (2012) higher correlations between the eye and mouse 

movements were found, compared to the present study (0.88 vs. 0.72). A reason for this could 

be that all the different tasks/websites were more diverse, compared to magazine advertising 

posters, which always consisted of four regions of interests. Another reason could be that 

because participants had specific tasks to complete during the experiment, goal-directed 

viewing behavior was measured, in contrast to other studies like Chen et al. (2001) and 

Johnson et al. (2012) where more natural/‘free’ viewing was measured. Although the 

correlation is lower, measuring visual scanning behavior via mouse movements seems suitable 

for goal-directed viewing behavior because a visual scan path could be measured. Mouse 

movements could detect where people were visually focused at, which makes it possible to 

understand what parts of the design were looked at, and which parts were overlooked. 

Previously, this could only be done with an eye tracker. 

The correction that had to be made to account for the delay of the mouse in pointing to where 

one looks was lower as was found in the study by Johnson et al. (2012). Where Johnson et al. 

found an average delay of 0.6 seconds, the present experiment found an average delay of 0.15 

seconds. One possible explanation could be that in the present experiment the participants 

were reminded to use the mouse to indicate where they looked each time they read the new 

task. Furthermore, the participants could also decide when to start the new task, allowing 

them to be prepared to conduct the task. To my knowledge, the participants of the study 

Johnson et al. were not reminded to follow their eye gaze with the mouse during the execution 

of the experiment.  

Before the experiment, the participants were asked to fill in a questionnaire. This 

questionnaire was about age, dominant hand (which is used for mouse usage), education, 

computer experience and internet experience. The last two components seemed not as useful 

as was hoped for beforehand. This could have produced variables to use in the data analysis, 

for example, if the correlation also depends on the computing and/or internet experience of 

the participant. However, in future research, computer and/or internet experience could be 

variables to see whether this influences the ability to indicate where one is watching with the 

mouse. 

Note that this research was performed in a research setting and that participants got 

instructions to follow their eye scan path with the mouse.  
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Future directions 

Now that visual attention could be tracked via the mouse an interesting question for future 

research is whether also activities could be distracted from this behavior. In the present study 

the F-shaped viewing pattern was discovered, indicating that most users where actually 

scanning the webpage in order to find the information that was needed to complete the task. 

Maybe there are more patterns that could be gathered via mouse movements that could link to 

other activities, such as reading or confusion. Maybe in combination with programs like 

‘Cheese’ more information could be distracted from the mouse movements (Mueller & 

Lockerd, 2001). 

As mentioned earlier, current trends in webpage design is that a large image placeholder in 

placed in the middle of the homepage. A horizontal navigational menu is at the top of the 

webpage, where under a large image placeholder is placed and most of the content is under the 

page fold (as can be seen in Figure 1). None of the used websites in the experiment had such a 

design. This design, however, could cause the reader to scan the webpage in a Z-pattern. The 

user starts looking at the upper left corner horizontally across the menu items to the upper 

right corner. The large diagonal line would be across the image placeholder to the bottom left 

corner, where the users starts looking horizontally again (left to right) across the content of the 

webpage. Future research could determine whether certain webpage designs force users into 

certain viewing patterns. Or whether viewing patterns are different in areas in the world where 

users read from right to left, such as Arabic countries. 

Since measuring and gathering visual behavior during web-based task performance could be 

done much easier now, the challenge is to actually link common usability problems to certain 

viewing behavior. When certain scan patterns are recognized on a website, the website’s 

usability could be assessed. Future research could focus on linking certain scan patterns to 

common usability problems.   
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CONCLUSION 

Although the mouse scan path lays rightwards above the scan path of the eyes, mouse 

movements appear to be a fairly accurate reflection of eye movements (r = 0.72). It appears 

that participants with relatively little training can indicate rather accurately where they are 

looking. This allows mouse tracking (for measuring visual scanning behavior) to be used 

outside the laboratory and possibly for remote testing. 

Even though mouse movements can indicate where one is visually attending to while 

performing web-based tasks, results show that eye saccades were not captured by the mouse 

and that the mouse movements have a small delay in indicating where the participants were 

looking. The position of the mouse does also not show the exact location of the eyes, but is 

located slightly higher and rightwards relative to the eye position.  

Although the position where participants look and the position of the cursor are not exactly the 

same, a good viewing pattern is created. Mouse movements can show which areas of a 

webpage were capturing user’s attention and can show areas that were being ignored. Mouse 

movements can reveal insights concerning visual scan paths, the order of areas looked at and 

search patterns. Formerly, this could only be done with an eye tracker.  
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APPENDIX 1: THE WEBSITES/TASKS 

All participants of the study, performed the tasks in the same order. All tasks are explained 

and described below, in the order as they were executed. 

1. Memphis musical 

Scenario: You are about to enter the website of Memphis the Musical. You want to follow this 

musical on Twitter. 

Task: Look on the website for the button that allows you to follow the musical on twitter and 

proceed. 

Now press the button below and you will enter the website.  Don't forget to follow your eyes 

with the mouse! 

2. Taco Bell 

Scenario: You are about to enter the website of Taco Bell. You want to look for some nutrition 

facts of Iced Coffee. 

Task: Find in the nutrition facts how much calories a Iced Coffee - Mocha 16 oz has.  

Now press the button below and you will enter the website. The task is done when you click on 

the amount of calories. Don't forget to follow your eyes with the mouse! 

3. Mayor of Southaven 

Scenario: You live in Southaven, Mississippi and you want to visit the mayor at the mayor's 

office. 

Task: Find the contact details of the mayor by copy-pasting his name in the search and go to 

the mayor's office page. Copy the following name by using the mouse (right-click-copy): Mayor 

of Southaven. 

Now press the button below and you will enter the website. Paste the word in the search box by 

using the mouse (right-click-paste). The task is done when you click on the address of the 

Mayor's office. Don't forget to follow your eyes with the mouse! 

4. Memphis Travel 

Scenario: You are looking for a hotel in downtown Memphis. That’s why you visit the 

MemphisTravel.com website. This website gives you all kind of information about travelling to 

Memphis. 

Task: Search in 'where to stay' for a hotel that is located in downtown Memphis. When you 

have found the hotel, find the nightly rates. 
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Now press the button below and you will enter the website. The task is done when you click on 

the nightly rates of the hotel you are looking for. Don't forget to follow your eyes with the 

mouse! 

5. University of Memphis 

Scenario: You are a future student of the University of Memphis and you want to find some 

information about living on the campus. 

Task: Find as a future student information about "recidence life: Why live on the campus?" 

Now press the button below and you will enter the website. Don't forget to follow your eyes 

with the mouse! 

6. Library of Memphis 

Scenario: You are at the website of the library of Memphis and you are looking for a book. 

Task: Find the ISBN-number of the book 'The Hungry Season' written by T. Greenwood. Copy 

the following book title by using the mouse (right-click-copy): The Hungry Season. 

Now press the button below and you will enter the website. Paste the book title in the search 

box (right-click-paste). The task is done when you click on the ISBN-number of the book. 

Don't forget to follow your eyes with the mouse! 

7. Washington State Department of Licensing 

Scenario: As a citizen on the State Washington you lost your driver license and you want to 

replace it. 

Task: Find the webpage that tells you how to replace yourlost driver license. 

Now press the button below and you will enter the website. Don't forget to follow your eyes 

with the mouse! 

8. Memphis Airport 

Scenario: You are expecting a friend of yours to arrive at Memphis International 

Airport tomorrow. You have his flight number but you are not sure what time he is 

arriving. He is flying with American Airlines. 

 Task: Find the arrival time of the flight (number is writter below). Also find where the plane is 

coming from. Copy the following digits by using the mouse (right-click-copy): 2216. 

Now press the button below and you will enter the website. Paste the word in the search 

box (right-click-paste). The task is done when you click on the correct flight. Don't forget to 

follow your eyes with the mouse! 

9. RadioShack 

Scenario: You want to buy the latest 7 inch tablet from Google at RadioShack. 
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Task: Find the Nexus 7 from Google 32GB Tablet page via the search bar and add the device to 

your shopping cart. Copy the following device name by using the mouse (right-click-paste): 

Nexus 7 from Google 32GB Tablet. 

Now press the button below and you will enter the website. Paste the device name in the 

search box (right-click-paste). The task is done when you click on the device in your shopping 

cart. Don't forget to follow your eyes with the mouse! 

10. Pearcy’s Auto’s 

Scenario: You are shopping for a new car online. You really want a Cadillac Deville from 

2000. A friend of yours gave you this website. 

Task: Search in the inventory for a Cadillac DeVille Base from 2000.If you have found the car, 

look for the price. 

Now press the button below and you will enter the website. The task is done when you click on 

'schedule a test drive'. Don't forget to follow your eyes with the mouse! 

11. BookTrader 

Scenario: You are looking for a book named: The Perfect Hope and you don't know the author. 

However, you want to make a book request for the paperback version.  

Task: Request The Perfect Hope paperback version. Copy the following book title by using the 

mouse (right-click-copy): The Perfect Hope. 

Now press the button below and you will enter the website. Paste the book title in 

the correct field (right-click-paste). Don't forget to follow your eyes with the mouse! 
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APPENDIX 2: THE QUESTIONNAIRE 

Welcome, 

Thank you for participating in this experiment. The most important piece in this experiment is 

that you try to follow your eyes with the mouse as much as possible while performing the tasks. 

Before we start I would like to get to know some facts of you: 

 

Participant 

number: 

 

  

Name:  

Sex:  

Age:  

  

Computer 

experience: 

(hours per day) 

 

Internet 

experience: 

(hours per day) 

 

  

Student? (yes/no)  

Background 

(education) 

 

  

Wearing glasses? 

(yes/no) 

 

Contact lenses? 

(yes/no) 

 

 

 

Thank you for your participation, 

Lennart Stapelkamp 
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APPENDIX 3: DATA 

All participants 
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Corrected lines (mouse delay) 
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Values of bidimensional regression per task 

 


