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 ABSTRACT 

 

Eye movement on a web page is determined by the layout of the page presented to the user 

(Nielsen, 2006; Shrestha et al., 2007, 2008). A typical search engine results page layout suffers from a 

hierarchical bias with higher fixations on the top and lower fixations on the bottom areas of interest 

(Granka et al., 2004; Joachims et al., 2005; Dumais et al., 2010; Curtell et al., 2007; Guan et al., 2007). This 

study compared the usability and eye movement data of participants searching a traditional SERP layout 

and two alternative layouts, grid and tabular. Results showed that while participants indicated a higher 

preference for the traditional layout, no differences in success, satisfaction, mental workload, or perceived 

difficulty were found across the 3 layouts for either informational or navigational tasks. Participants were 

found to look at the page more times and for longer when completing informational tasks compared to 

navigational tasks regardless of the layout presented to them. Participants looked at the top portion of the 

page more than the bottom when presented with the traditional or the tabular layout in both the task 

conditions. For the informational task condition, the top portion of the page was viewed for longer and for 

the navigational task condition, the bottom portion of the page was view for longer for both the traditional 

and the tabular layouts. When presented with the grid layout, participants were found to view the content 

vertically by column starting on the left column, then to the right: the left column was viewed more than 

the right column but the right column was viewed for longer than the left column regardless of the task 

condition. Moreover, it was found that participants fixated on the right column of the grid layout more 

than twice as much as they fixated on the bottom portion of the traditional layout. Compared to the 

bottom portion of the tabular layout, participants fixated 50% more on the right column of the grid layout. 

This, along with its scroll-less interface, shows the advantage of the grid layout over both the traditional 

and the tabular layouts. In terms of layout preference, participants equally preferred the traditional and 

the grid layout. It was found that the tabular layout was the easiest for the participants to parse out what 

element of the search results they wanted to fixate to effectively complete the given task: this meant that 

participants could fixate on the title and the text snippet portion of the search result and ignore the URL 

portion while completing informational tasks and in the same manner participants could fixate on the URL 

and the title and ignore the text snippet more effectively than on the traditional or the grid layouts when 

completing navigational tasks. This shows the advantage of the tabular layout when the user is interested 

in a specific type of information. The advantage of the uniqueness of their layouts may have potential with 

their application in proper contexts.  
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CHAPTER 1 

INTRODUCTION 

User centered design is an iterative process. The design and development of the user interface 

goes in a cyclic loop between designing, prototyping, and users testing until the usability issues are solved. 

This process involves not only understanding the target user but also the tasks the target users will 

potentially perform within the system. This iterative design process starts with requirements gathering 

using techniques like interviews and focus groups, prototyping the product and evaluating the design using 

techniques like usability testing. Given the time constraints of the development schedule, discount usability 

testing, a simplified user testing with few participants, including heuristic evaluation on the narrowed down 

prototypes (Nielsen, 2009), may be the most effective in quickly identifying the usability problems but the 

information it proffers may be quite limited. A typical usability study gathers task success, time to complete 

the task, efficiency in completing the task (in terms of the deviation from the optimal number of clicks to 

complete a task), perceived task difficulty and satisfaction. These measures are used to complement 

subjective feedback from the users. However, this data may sometimes be deceiving – users may like the 

content of the interface (webpages) they may rate the tasks as easier than they really are; users also tend 

to attribute the difficulty with the tasks as a result of their own incompetence; the interface in evaluation 

may be small enough that users employ trial and error approach to quickly complete the tasks and perceive 

and consequently rate them as not difficult. Task difficulty as a score provides very limited information to 

the evaluator. Task difficulty is irrelevant without pinpointing where the difficulty was experienced. This 

subjective data can be collected concurrent to tackling the tasks or it can be collected post evaluation of 

the interface. To capture this subjective data concurrently, evaluators employ a think-aloud protocol where 

the user explains the motives, expectations and steps taken to complete the task at hand out loud. The 

problem with this approach is that, first it is an unnatural way of doing a task and second the think-aloud 

protocol leads the user to process the task more than they normally would making the objective clearer to 

themselves (Berry & Broadbent, 1984). Requesting this feedback after the task is completed first, 

introduces a temporal delay and the user may not accurately remember to articulate the difficulty of the 

task, and second, users tend to rationalize their actions and justify it with internal attributes (Ericsson & 

Simon, 1984) making post reporting unreliable. With the development of unobtrusive eye tracking 

techniques and sophisticated software to visualize and analyze the data, eye tracking provides a robust and 

objective solution to collect information that could otherwise be tainted with user feedback limitations, 
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thereby empowering user-centered design. Eye tracking techniques have been growing in popularity 

amongst industry practitioners and typically integrated with traditional usability testing. 

1.1         Eye Tracking and Web Pages 

Faraday (1999) proposed the first model of visual attention to web pages. He argued that the 

process of viewing a web page is a cognitive one and that the visual processing of web pages forms a 

distinct visual hierarchy in which certain perceptual elements have priority. He divided the process of 

viewing a web page into two phases: searching and scanning. Faraday recruited seven subjects and showed 

them a series of 10 web pages. These web pages were based on common template for a company home 

page and were similar in complexity and content. However, they varied in visual variables like position and 

size. He was able to draw the following conclusions: 

 Larger text acted as entry points compared to smaller size texts and images. 

 Images needed to be much larger than text to become entry points.  

 When texts and images (except logos) are equi-sized, texts dominated as entry points. 

 Page titles were preferred as entry points. 

 Text style was only secondary to the size and even a bolded or hyperlinked normal sized texts rarely 

acted as entry points. Bolded and hyperlinked texts were fixated longer than unformatted text. 

 Text was scanned from left to right and from top to bottom and bottom text was rarely fixated. 

 Even if the areas shared common background color, if the areas were discontiguous it did not warrant 

sequencing. 

Concurrent to Faraday’s efforts, Goldberg and Kotval (1998, 1999) were devising eye movement 

methods and constructs to evaluate computer interfaces (a brief history of the world wide web, search 

engines, eye tracking and the relevant eye tracking metrics and terminology can be found on Appendices A, 

B C and D respectively). Goldberg and Kotval investigated the relationship between the interface 

component groupings on the interface of a software application and its effect on usability. Different 

grouping of interface components (11 icons representing different editing functions like copy, paste, 

underline and bold commonly found in text editing applications) impacts user expectation of the location 

those components thereby affecting usability. Four groups of icon organization were created: 

1. Functional grouping spatially organized editing, drawing and text-related functions in close proximity 

2. Majority grouping was similar to the Functional grouping but with at least one icon switched 
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3. Physical grouping spatially organized icons similar to the previous two grouping conditions but with no 

apparent relationship between icon functionality 

4. No grouping had no spatial or functionality basis in its grouping 

The task involved finding a specific interface component under different grouping conditions and 

evaluation was based on the effects of the component grouping strategies on eye-movement data. The 

idea was to investigate how the difference in grouping strategies affected the eye tracking measures: Total 

number of fixations; Average fixation duration, overall; and Fixations/saccade ratio. The premise of the 

analysis of the aforementioned eye tracking measures was that on a good user interface users would fixate 

on (as in for processing of information) on comparatively fewer components during a visual search of a 

specific component and that more components would be fixated upon on a bad interface. Participants 

located their target component in the Functional grouping condition with significantly less number of 

fixations. Physical and Majority grouping conditions were statistically similar in terms of the number of 

fixations on them which was significantly higher than the Functional grouping condition. The grouping 

conditions did not affect the average duration of fixation. This could be because of the minimal variance 

between the designs used between the groups, since the numbers of user interface components were 

limited; they were used in all the grouping conditions. Functional grouping was the most preferred 

grouping condition and resulted in shorter scan paths, less area of the screen covered (less density of 

fixations, and more concentrated fixations) compared to the other grouping conditions. Fixation/saccade 

ratio was not significant between the grouping conditions indicating time spent searching and extracting 

information was not different for the different groups. This research showed how layout/organization 

differences defined the usability of an interface and how that translated into scanpath and fixation density 

differences. 

Nielsen (2006) was also interested in exploring and mapping eye movement data of participants 

while they browsed a typical textual webpage. He recorded eye movement data of participants while they 

read/browsed web content. He plotted the aggregated fixation data from all his recordings and visually 

mapped it on the stimulus presented to the participants. The heatmap showed that online readers scanned 

web pages in a rough F-shaped pattern - scanning from left to right and from top to bottom with the 

majority of fixations on the top and left portion of the page. He also found that pictures, graphics and 

moving objects tended to be more of an obstacle course for the eye unless related to what they were 

interested in. He also found that very little time was allocated to any page element on the right side of the 

page. The heatmaps also showed blocks of graphics on the page that resembled advertisement that did not 
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attract fixations. Search engine ad words placed on the right or near the top of the web page, however, 

showed user fixations. 

Shrestha et al., aimed to take the findings further in a series of experiments done on textual web 

pages to understand the effects of presentation style, task goal and content on a text based page. The first 

study by Shrestha, et al., (2007) investigated whether the F pattern style of viewing was dependent on the 

page content (text-based vs. picture-based) and/or on the user task goal (searching vs. browsing). 

Participants in this study completed three tasks each (a search task, a browse task, and one search task for 

a non-existent product). When browsing a picture page, the users generally scanned the categories in a 

horizontal pattern (left to right and right to left) row by row. This was evident from the gaze replay of 

individual participants. It should be noted that the area visible when the page displayed (i.e., area "above 

the fold") received the most fixations even though all users scrolled the page as they browsed. The search 

task for a specific product category rendered a less systematic eye movement pattern, and fixation on the 

non-target categories was significantly less compared to the fixation on the same categories in the browse 

condition. This shows the effect of task goal on fixation. Participants seemed to abide by the F pattern as 

suggested by Nielsen (2006). Users showed more fixations at the beginning of a line than the end of a line, 

and also the fixations were higher on the first few lines than on subsequent lines and paragraphs. It was 

also found that fixations in the browsing task conditions were somewhat more dispersed than the fixations 

in the searching task conditions, where fixations seemed to be concentrated on the upper portion of the 

webpage. This could have been because of the fact that user were expecting an information hierarchy, 

expecting important (target) information towards the top of the page. This study showed that the effect of 

task goal on the eye movement pattern is apparent. It also showed that this pattern is dependent on the 

content of the page. The persistence of the F-pattern in both the browsing and searching conditions raised 

questions on whether this pattern will be persistent in other layout conditions.  

Results from this study sparked a second study to investigate the eye movement pattern on multi-

columned text-heavy pages. The intrinsic interest of this study was to explore the effects of columnar 

layout of text presentation (1-column vs. 2-column) and task goal (browsing vs. searching the article) on 

eye movement patterns. For the selection of the stimuli for text heavy pages, two web pages were 

modeled after a CNN.com news article page. Each article was presented in both a 1-column and a 2-column 

layout. On each page, 25 Areas of Interest (AOIs) were defined each corresponded to one paragraph of the 

news story. In addition, 3 AOIs corresponding to the banner on the top of the page, the ads on the right 

side of the page, and the title of the article were defined. Each participant performed two tasks, which 
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differed in their goal (search vs. browse) and layout style (1-column vs. 2-column). Each task required users 

to view one of the two news articles in one of the two layouts. For the browse task, participants were asked 

to simply familiarize themselves with the article and for the search task; participants were asked to locate 

the specific name of a person mentioned in the news article. The location of the search target for both the 

articles was approximately the same. 

There was a distinct F or E pattern for both the 1-column condition and left column of the 2-column 

condition. The pattern was exhibited regardless of whether it was a browse or search task. This pattern has 

been noted previously by Nielsen (2006) and Shrestha, et al., (2007). The right column of the 2-column 

browse condition lacked any distinctive pattern, although it is apparent that this column had more fixations 

in the search condition. Fixation count was the highest at the top of the article and decreased steadily 

down the article. This was true for both the 1-column and 2-column search and browse tasks. In the browse 

task condition, the number of fixations on the 22 AOIs in the article was nearly identical regardless of the 

columnar layout of the text. In the search task condition, fixations on the right column (AOIs 11-22) of the 

2-column layout were significantly more than the fixations on the bottom half of the 1-column condition. 

 This study confirmed some of the results from the previous studies regarding eye movement 

pattern difference with different task goals. It also confirmed the F-pattern on both the 1-column and 2-

column pages regardless of the task goal. However, this study confirmed that participants viewed/read the 

right column in a 2-column layout differently than the left column or the single column layout. Fixation 

count and duration on the right column was much lower than the left column and visualization did not 

show a F-pattern of fixation on the right column. The expectation of informational hierarchy seemed to 

span not only from top to bottom and left to right within a column but also between the columns.  

To account for most presentation layouts of typical text heavy pages (news articles and blogs), 

single and double column textual layout presentation investigated by Shrestha et al., (2008) needed to be 

expanded: narrow 1-column, narrow 2-column, full-length text, picture on the right and picture on the left 

of the text layouts. Figure 1 shows the schematics of the different layout conditions. 

 

Figure 1. Sketches illustrating the five different page layouts: (left to right) narrow 1-column, narrow 2-

column, full- length, picture-left and picture-right. 
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To accomplish the aforementioned scenarios, the news web page used in the Shrestha et al., (2008) 

was modified to create the three new text layouts while keeping the pages identical, except for the layout 

of the text and inclusion of images in two of the layouts. For analysis purposes, there were two sets of 

Areas of Interest (AOIs) investigated on these pages: 8 AOIs on the main content area (text article); and 3 

AOIs outside the main content area (Top Banner, Advertisements and Article Headline). The placement of 

the AOIs was identical across the layouts. The picture left and picture right conditions had an additional AOI 

for the picture. Upon initial examination, all five page layouts revealed well-defined F/E-shaped patterns of 

fixation on the text portion of the page. 

     

Figure 2. Heatmap of fixation counts on five different page layouts (Shrestha et al., 2008). 

Heatmaps (Figure 2) showed fixations on the Page Banner, Advertisements and the Article Headline 

AOIs. In the conditions with an image, fixations on the picture were very few compared to the adjacent text 

(and this was true for both the picture left and the picture right conditions), confirming findings from 

Faraday (1999). The results also showed that fixations were concentrated above the page fold, with the 

first few paragraphs receiving the most fixations regardless of the layout of the presentation. Two AOIs 

were created to compare fixations on the top half and the bottom half of the page across the page types 

but no difference was found between conditions. 

The order of fixations on the 4 AOIs (top banner, advertisements, article headline and article 

content) was analyzed for the 5 different page layouts. Fixation order on the 1-column layout was unique 

from the rest, fixation order on the 2-column layout and the full layout was similar and the picture-left and 

the picture-right conditions had the exact same order of fixations on the AOIs. This pattern of fixations was 

consistent within each page type. This shows that the general order of fixations remained pretty much 

constant regardless of the slight variations in the page layout of text heavy pages.  
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 The series of these studies from both Nielsen (2006) and Shrestha et al., (2007 and 2008) provide 

insight into the eye movement patterns of participants searching and browsing textual web pages. It is 

expected that some of these findings will transfer to yet another type of text heavy page – search engine 

results page (SERP).  

1.2         Eye Tracking and Search Engine Results Page 

Search Engine Results Pages (SERPs) are unique textual pages where information is typically 

structured in a specific way. This typical structure is a hierarchical vertical stacking of individual search 

engine results (also called search hits). There is also a structure within the individual search hits – a 

hyperlinked title, a descriptive snippet and the URL also in a vertical stack. These pages, while very 

structured in their layout, are quite fluid in terms of their creation – they are created based on the query 

request sent by the user and therefore their existence is merely to serve as a portal to the information 

queried by the user. A brief summary of the history and the functioning of search engines can be found in 

Appendix A and Appendix B, respectively. An explanation of the SERP created by Google can be found in 

Appendix E. There is a body of literature investigating how users use the SERP and the search hits within it. 

These studies focus on navigational and informational tasks and aim to find consistent variability on the 

way users interact with the SERP based on this difference in task goal. One of the most basic questions 

regarding search hits within the SERPs is how users view them. 

Granka et al., (2004) used eye tracking data to investigate how users interact with the results page 

of a search engine. In this experiment, each participant was given 10 queries to answer. Five of the queries 

required homepage searches and the remaining five required informational searches. The queries varied in 

difficulty and covered various topics. Participants were instructed to do their searches as they normally 

would. Results showed almost identical mean fixation time on search result links 1 and 2. However, it was 

shown that users clicked on search result link ranked 1 substantially more (Figure 3). A sharp drop in the 

fixation time was noticed after link 2 and through links 2 to 5 there was a steady decline in fixation time. 

Links 6-7 located just below the fold resulted a dip in fixation time which remained steady through links 6 

to 10 as shown in the figure below. 
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Figure 3. Time spent viewing each abstract and the frequency with which the link is selected (Granka et al., 

2004). 

Their follow up study (Joachims et al., 2005) also used stimuli to resemble a typical Google SERP. 

They experimentally manipulated the search results in two different ways: in one condition, the just first 

two search hits were swapped with each other and in another condition, the entire order of the search hits 

were reversed - so the tenth ranking hit was now the first hit. They found similar results in this study if not 

identical. The first and the second search hits received the most attention (percentage of fixations). The 

click behavior was also high for the first two search hits; however, click on the second hit dropped sharply 

even though the percentage of fixation on it was almost as much as on the first search hit. They also 

noticed a consistent decline through the fifth search hit and a sharp decline on the sixth potentially due to 

the page fold and the attention paid on the hits six to ten stayed consistent. 

The bias towards selecting the first search hit significantly more than the second hit is interesting. It 

may seem that, while users attend to both the hits equally but click on the first hit significantly more than 

the second, this perceived difference comes from the difference in the relevance between the first and the 

second hit with the search query. However, swapping the positions of the first and the second search hits 

revealed that the first search was clicked significantly more in both the normal and the swapped 

conditions. This may indicate that there is some level of trust participants have on the ranking of the search 

hits on the SERP. Joachims et al., (2005) also investigated the linear scanning of the search hits, and found 

that the first two search hits were attended to within the first couple of fixations and that there was a big 

gap before viewing the third search hit (Figure 4 - left). The data also showed that participants exhausted 

the hits above the fold before attending to the hits below the fold (Figure4 - right). Hence, the seventh 

search hit was attended much after the sixth. During this phase of the study, they also investigated the 

number of hits participants viewed before clicking on the search hit. They found substantial number of hits 

viewed above the hits being clicked than the ones below, and the lower the click on the ranking, the more 
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hits were viewed above them. But not all hits were viewed above the clicked hit. When the page was 

scrolled, more hits below the seventh hit were looked at before it was clicked. 

 
 

 

Figure 4. Mean time of arrival (in number of previous fixations) depending on the rank of the result. (left). 

Mean number of abstracts viewed above and below a clicked link depending on its rank (right) (Joachims et 

al., 2005). 

The study also found that when the participants were presented with the degraded ranking at the 

top, as in the condition where the search hits were presented in reverse order, the interaction with the 

SERP was different: participants viewed and clicked on the lower search hits more frequently. Also, the 

average number of clicks per search query also decreased on the reversed condition. 

1.3         Presentation Bias 

In an experiment designed to study user preferences for orderings of search results using three 

major search engines, Bar-Ilan et al. (2009) found presentation bias to be a significant factor in determining 

user preference. They found that users are highly likely to choose one of the first results on the SERP 

supporting substantial presentation bias (Bar-Ilan et al., 2009). The eye-tracking study for Google searches 

by Lorigo et al. (2006) revealed that users are more likely to concentrate and view the first two snippets 

and in most cases reformulate a query without checking all the returned abstracts. They further affirm that 

later results are infrequently viewed and seldom clicked (Loringo et al., 2006).  Similarly, in the study by 

Nowicki (2003) that looked at effectiveness of search engines to determine relevant returning results 

serving the information needs of college students, users were highly likely to view only the first page that 

displayed 10 search results by default. In an effort to analyze if users scan links from top to bottom, 

Joachims et al. (2005) found that users are more likely to scan the viewable results at the top quite 

thoroughly before resorting to scrolling. They found that users viewed the first and second results right 
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away while creating a huge gap before concentrating on the third abstract (Joachims et al., 2005). In a 

study looking at experimental comparison of click position-bias models, Craswell et al. (2008) affirms that 

position bias is a fundamental problem in click data where the possibility of a document being clicked 

depends on its position in the results page. Further, eye-tracking experiments reveal that the possibility of 

users examining results near the bottom of the list is fairly low (Craswell et al., 2008). These studies clearly 

support the idea that presentation bias has a huge influence on user decision and preference and 

furthermore user action on how they select the links on the SERP. 

It is valuable to mention that to some extent these results can be viewed through the lens of 

bounded rationality (Simon, 1955) and the principle of least effort (Zipf, 1949) to understand user tendency 

to concentrate on the first few search results and make their decisions about possible relevance. Modeled 

more closely upon the actual decision processes in the behavior of organisms, Simon (1955) postulates that 

the idea of rational choice comes from the constraints within which rational adaptation must take place. 

While additional justifications such as fatigue and lack of motivation can come into play, in most cases 

instead of enhancing, users look for alternatives and are satisfied viewing the top results with desirable 

properties as a way of setting their levels of aspiration. In an attempt to understand user desire to find 

information quickly and easily, the principle of least effort theorized by Lingust George Kingsley Zipf can 

help explain the phenomenon of user desire and information seeking behavior. This information seeking 

behavior discontinues as soon as minimally acceptable results are found. Zipf (1949) affirms that all 

behavior can be explained in terms of the basic principle of least effort.  He suggests that human beings 

including animals or even machines tend to curtail the average rate of work expenditure and called this the 

“principle of least effort.” 

1.4         Distribution of Fixations within the Search Engine Results Page 

Search is among the most important activities in which web users engage. Search is also a central 

activity for the users of corporate intranet and other specialized databases. Regardless of the information 

pool that is being searched, all search interfaces are remarkably similar to each other. It isn’t understood 

very well how users use the hits from the SERP to find the information they are looking for. Do users 

extract the information they need from the title, the snippet, the URL, or other metadata?  Guan and 

Cutrell (2007) delved deeper into how users view SERPs by looking into the constituents of individual 

search hits, different search task goals (Appendix R) and different lengths of the snippet text. They state 
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that the end-user interface of a search engine is typical across different engines. The variation of the SERP 

across different engines is very minimal and is described in Appendix Q.  

While there is evidence in the literature showing that users take longer to complete informational 

tasks compared to navigation tasks, there wasn’t any empirical data as to where this difference derives. 

Cutrell and Guan (2007) used eye tracking techniques to gain insight into the different strategies users 

employ while performing informational and navigational tasks (Figure 5). They compared eye tracking data 

on different components of each of the hits to explore the strategies employed by users while completing a 

navigational and informational task. 

  

 

Figure 5. Sample of navigational and informational tasks (left). Sample of short, medium and long snippet 

length (right) (Cutrell and Guan, 2007). 

Cutrell and Guan (2007) explored the effect of different snippet lengths (short, medium and long) 

on certain eye tracking measures while the users performed informational and navigational tasks. They 

defined short snippet as a single line of description, medium snippet contained two-three lines and long 

snippet contained six-seven lines of descriptive text (Figure 5). The snippet length also affected the number 

of hits visible above the fold on the browser. Participants worked through 12 tasks, varied by the task type, 

snippet length and target position in a within-subjects design counterbalanced across participants. In 

concurrence with other studies (Joachims, 2005), users fixated on the first 4 hits on the SERP regardless of 

whether they clicked on any of the hits. They also observed users navigating back and forth between the 

SERPs and between different target sites and SERPs. As expected, higher ranked linear hits received the 

highest number for fixation on first visit; they received higher fixations upon subsequent visits as well, 
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however, with each subsequent visit, the fixation distribution decreased with proportionately more 

attention given to lower ranked hits. 

Cutrell and Guan (2007) also found a main affect for task type, supporting the evidence that users 

took longer to complete informational tasks compared to navigational tasks (Figure 6 - left). The main 

effect for target position (Figure 6 - right) suggested users took longer to locate target information located 

further down on a linearly presented SERP; however, accuracy of their selection did not improve with the 

additional time invested. In fact, accuracy rate dropped significantly when the target information was 

presented at position 8. This change in accuracy rate was more prominent in the informational search tasks 

than navigational tasks. They also found that the users clicked on the first few search hits even when they 

were not relevant to the task. This indicates a more profound effect of the rank of the search hit over 

relevance of the hit with the search query. 

 
 

 

Figure 6. Mean time to complete search task for each task type, broken down by snippet length (left). Mean 

fixation duration (bars) and mean time for gaze to arrive at each result indicated by the circles (right), 

Cutrell and Guan (2007). 

They also observed that the number of hits viewed was the same across task types in the short 

snippet conditions, however, with the increase in the snippet length; participants looked at one third fewer 

hits in the informational task condition and more hits in the navigational task condition. This made sense 

because the increased snippet length added no relevance for the navigational task where the participants 

primarily looked at URLs. Participants spent a quarter of their time looking at the URLs in the navigational 

task as compared to 22% in the informational task across all snippet lengths, however, fixation duration on 

the URLs took the greatest hit in the informational task condition when the snippet length was increased. 

Fixation duration on the title remained consistent across task types. 
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1.5         Distribution of Attention on Search Engine Results Page 

It is a common understanding that a typical search engine displays results in a linear rank-ordered 

list and the efficiency of the task success is greatly dependent on the relevance of the top few hits to the 

search query. This efficiency, however, declines sharply when the top hit is not congruent with what the 

user is looking for. Guan and Cutrell (2007) explored how the ranking of the search hits on a SERP affect 

how people search. They manipulated 6 target positions and used 2 task types (informational and 

navigational) to collect eye movement data on the SERP. They found a significant main effect of target 

position and task type on the total time on task indicating that informational tasks took longer to complete 

than navigational tasks and targets on the lower search hits increased the time on task. However, that 

increase of time on task did not translate to an increase in task success. In fact, the click accuracy rate 

dropped to about 11% from an average of 84% when the target was located at the 8th search hit. This drop 

in click accuracy rate was more dramatic for the informational tasks than navigational tasks. Further 

analysis showed that, when targets were placed on lower search hits, the fixation on the target declined 

more for the informational task condition than for the navigational task condition. Hence, it was logical to 

draw the conclusion that when the target is looked at less, the likelihood of the target being clicked also 

declines. 

It also was noted that in the informational task condition, targets at positions 2 and 4 were fixated 

upon equally as in the navigational task condition; however, participants in the informational task condition 

were far more hesitant to click on the target. This suggests that there is a main effect for target position on 

average fixation time, we know there is no main effect of task type and we also know there is no 

interaction between task type and target position. The rate of decline in the fixation duration on targets at 

lower positions was also the same for both informational and navigational tasks. In essence, participants in 

both the informational and navigational task conditions looked at the target in  a very similar manner, and 

the difference in the click behavior could be explained by the higher trust in the search engine ranking for 

informational tasks than for navigational tasks. 

The mainstream SERPs are linearly organized vertically, so the closest alternate layout on a text 

based page happens to be a portal page where information is organized in rows and columns. Goldberg et 

al., (2002) allowed users to navigate multiple screens while doing a search task. They wanted to see if there 

was any evidence in eye movement data to show a consistent navigation style of users on a portal page 

(horizontal scanning or vertical scanning). They found that participants made 58% of their first inter-portlet 
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transition between columns as opposed to 42% made within the same column. They found that the 

direction of navigation for the second transition was dependent on the direction of the first: if the first 

transition was intra-column, 64% of those transitions were also intra-column and if the first transition was 

inter-column, then the second transition could equally be inter-column or intra-column. They also found 

that participants were biased towards initially visiting portlets that are on the left side and in the upper half 

of the page. To investigate within-portlet navigation, they looked at the portlet header, the portlet link and 

the portlet body. 

1.6         Alternative Layouts of the Search Engine Results Page 

Rele and Duchowski (2005) investigated compared the traditional list SERP to a tabular SERP 

interface (the different SERP layouts are shown in Appendix S).  The tabular interface has the different 

elements of the search hit listed on a separate column, so the document title, the summary and the URL 

was listed in their own column. Participants were asked to complete 4 tasks (2 informational and 2 

navigational). Performance measures (search time and selection of wrong results) were not significantly 

different for the type of interface or the task type. Mean fixation duration was also consistent between the 

two interfaces and task types. The number of fixations on the search hits title was not significantly different 

for the interface types but there was a significant difference on the number of fixations on the hits 

summary by task type – with more fixations during navigational tasks. There were also significantly more 

fixations on the URL on the tabular interface compared to the list interface. The probability of making a 

transition in the same category (as in from one URL to another URL or from search hit title to another 

search hit title) of the search hit was significantly higher for the tabular interface. Other than these minor 

differences, fixation pattern on the two interfaces were pretty similar.  

Krammerer and Beinhauer (2010) compared the standard list interface (single column of title, URL 

and snippet stacked vertically) with a tabular interface (title, snippet and URL stacked horizontally in 3 

columns for each search hit and grid layout (search hits placed in 3 columns) in terms of task performance 

and subjective ratings (Figure 7). They used these different SERP layouts as stimuli to test a gaze-based 

input device and compared it to the conventional mouse interactions. Each of the three different layouts 

had nine search results each, only one of which was the target link, 27 such tasks were created, 9 in each 

condition. The 9 tasks appeared once in each of the 9 positions. Search tools and ads were removed from 

the page and it only presented the organic search results. The tabular interface had the search hit title, 
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snippet and the URL laid out in 3 different columns and the grid interface had the search results presented 

in 3 columns and 3 rows as shown in Figure 7. 

 

Figure 7. SERP types, from back to front: List interface, grid interface, tabular interface. 

Participants performed all 27 search tasks on 3 different SERP layouts using either a computer 

mouse or gaze-based input device. Comparison between gaze based interaction and mouse interaction 

were made. Results showed that users using the mouse completed more tasks successfully. This difference 

was most prevalent in the list interface and least in the tabular interface. They also found that participants 

completed the tasks slightly quicker using the mouse in the list interface, however, the task completion 

duration was not significantly different in the tabular and grid interfaces regardless of the input method. 

Participants preferred the alternative SERP interfaces when using the gaze input method and also rated 

those interfaces easier for making a selection and the participants completed the task slightly faster on the 

tabular interface. The efficiency of search was also higher for the tabular interface Mental demand was just 

marginally significant indicating slightly higher mental demand while completing the tasks on the grid 

interface. 
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1.7         Preference-Performance Discrepancy 

Andre and Wickens (1995) studied the preference-performance discrepancy and described the 

reason of this discrepancy is because the user of a system is oblivious to the information-processing 

mechanisms that directly impact performance; instead they base their preference on factors like aesthetics, 

novelty, familiarity or low effort that may not have a high impact on performance. In their article, they 

reviewed several studies confirming the dissociation between user preference and performance: when 

comparing two methods of mapping the alphabet-numeric keys, there was no performance difference but 

there was clear user preference recorded (Blanchard et al., 1993); when users were asked to complete a 

task of replacing a string of text using either a mouse or the cursor keys, users completed the task twice as 

quickly using the mouse. However, when asked which method they thought was quicker, users reported 

the cursor being faster (Tognazinni, 1992). These studies showed a clear dissociation between preference 

and performance. 

1.8         Summary of the Literature on SERP layout 

While the literature is sparse on the investigation of alternative SERP layout, there is some 

evidence that suggests the traditional list layout is not optimal: 

 Studies have consistently shown that users are quick to fixate and click on the first few search hits and 

the subsequent search hits are mostly unattended regardless of the participants’ experience level. 

 Specifically, the first and the second search hits have shown to acquire almost identical mean fixation 

times (Granka et al., 2004; Joachims et al., 2005; Curtell et al., 2007; Guan et al., 2007). From there, 

fixation time drops sharply. 

 Fixation time drops even more for search hits just below the fold of a page. 

 The top search hits shows to retain the short fixation time and higher number of clicks even when its 

contextual relevance is demoted indicating a profound effect of the rank of the search hit over its 

relevance with the search query. Joachims et al., (2005) reversed the sequence of search hits on the 

SERP but observed no change in the rank bias on the now reversed hierarchy of the search hits. 

 Further research showed that this profound hierarchical bias affects informational tasks more than it 

affects navigational tasks (Cutrell et al., 2007) - when the informational search target is located on the 

lower search hits, it takes longer for the participants to complete that task and the accuracy of their 

selection does not improve with additional time. 
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 When the lower search hits are clicked, participants look at fewer numbers of search hits above it 

compared to the substantial number of hits viewed above the search hit being clicked near the top of 

the page. 

These limitations warrant an in-depth exploration of an alternative SERP layout in terms of 

dependent measures (fixation count, total fixation duration, number of fixations before fixating on the 

target, fixation duration before fixating on the target) to investigate if the drawbacks of such limitations 

can be minimized. 
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CHAPTER 2 

METHODOLOGY 

2.1         Purpose 

The purpose of the current study is to explore user interaction on the traditional (list interface) and 

two alternative layouts (grid interface and tabular interface) of a SERP. We know from numerous studies 

(Granka et al., 2004, Cutrell et al., 2007, Guan et al., 2007) that the traditional search engine results page 

interface affords a hierarchical bias and consequently users tend to ignore most of the lower ranking search 

hits.  Rele et al., (2005) investigated performance measures and fixation duration on list and tabular 

interfaces. Krammerer and Beinhauer (2010) compared the list interface with the tabular and the grid 

layout only in terms of task performance and subjective ratings. Neither of the studies, however, compared 

the SERP interfaces in terms of task performance, subjective ratings and eye tracking data (including 

fixation count on different AOIs, time to first fixation and fixation counts before fixating on a specific AOI, 

fixation duration analyzed by different AOIs). Rele et al., (2005) showed little difference between the list 

and the tabular interface. However, the study was limited by the number of tasks (4 total tasks) and the 

non-exhaustive eye tracking measures collected (mean fixation duration and number of fixations). The 

current study investigates three different layouts: traditional (list), grid and tabular. Each of the layouts 

offer a unique search experience – the traditional layout replicates the layouts of a majority of search 

engines in the market today; the grid layout offers a no-scroll interface where the users can see all of the 

search hits above the fold; and the tabular layout makes it easier for the user to parse out the title, URL and 

text snippet from each of the search hits. This study will investigate whether these alternative layouts are 

viable SERP layouts that are competitive in performance for informational and navigational tasks and 

subjective ratings to the traditional list layout. 

48 participants from a Midwestern city participated in the study. Majority of the participants were 

native English speaking undergraduate students. Among the sample for the study, 33.3% were male 

participants and 66.7% were female participants. Majority (85.4%) of the participants were between the 

ages of 18-29 years. There were 6 participants (12.5%) between the ages of 30-39 years and 1 participant 

(2.1%) between the ages of 40-49 years. Participants in the study completed 12 tasks simulating the queries 

typically made on a web search engine. There were two experimental variables manipulated in this study: 

 Presentation style of the search engine results page (traditional: A, grid: B, or tabular: C), and 
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 Task type (informational: I or navigational: N) 

The participants filled out a background questionnaire (Appendix G) inquiring about the details 

about their computer and Internet usage habits and then were provided the experimental tasks one at a 

time. After completion of each task, they were asked to rate task difficulty, satisfaction with the way 

information was presented to them, mental workload using the Subjective Mental Effort Questionnaire 

(SMEQ), and preference ranking of the three different SERP layouts. The pre and the post experiment 

questionnaires (Appendices G and J), including the difficulty and satisfaction ratings (Appendix H), SMEQ 

(Appendix I) and preference selection (Appendix J) can be referred to in their respective appendices. 

2.2         The Stimuli and the Tasks 

12 unique SERPs were created using search queries on the Google search engine (the stimuli were 

de-branded to avoid familiarity effects): 6 SERPs were crafted for the purpose of navigational tasks and 6 

for informational tasks. Each of the 12 unique content of the SERP was designed in three different 

presentation layouts: traditional, grid and tabular, creating 36 total SERPs. The traditional layout mimicked 

the interface of a typical search results page generated by the mainstream search engines where the search 

hits are presented in a vertically stacked linear sequence. The grid layout was similar to the SERP design 

tested by Krammerer and Beinhauer (2010) and constituted the search hits arranged in two columns. The 

search hits were arranged in a combination of horizontal and vertical sequence with the second search hit 

appearing on the second column of the first row in concordance to the approach taken by Krammerer and 

Beinhauer (2010). The tabular layout was similar to the layouts used by Krammerer and Beinhauer (2010) 

and Rele and Duchowski (2005). The rest of the design elements and contents of the SERPs were kept 

identical between the three presentation layouts. Advertisements (sponsored links) were taken out of all 

three layouts. A subset of participants was given an extra informational task presented in a traditional or a 

grid layout and it contained sponsored links, analysis of this can be found in Appendix T along with the 

layouts with the sponsored links. 

The tasks given to the participants required them to either navigate to a specific webpage 

(navigational task) or find information that could be extracted from multiple webpages (informational task). 

This distinction of task has been used in a variety of research studies (Cutrell & Guan 2007; Dumais et al., 

2010; Rele & Duchowski 2005; and Shrestha et. al., 2007 & 2008). The tasks are listed in Appendix F. 
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2.3         Breakdown of the AOIs 

Each SERP constituted the search bar, 10 search hits below the search bar, and search tools on the 

left. Each search hit consisted of the document title, snippet and the URL as shown in Figure 8. The 

document title was hyperlinked to the corresponding web pages. All the links from these corresponding 

web pages were removed to avoid uncontrolled browsing. On the main SERP, the 10 search hits (document 

titles) were the hyperlinked elements. Each SERP is broken down into the following AOIs and fixation count, 

total fixation duration, time to first fixation, and fixation count before were extracted from the AOIs: 

 

Figure 8. Schematic of the SERP in traditional list layout showing the AOIs represented by the drawn 

rectangles. 

 10 AOIs (each indicating one search hit) 
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 Title, URL and text snippet (for each of the search hit) 

 AOI top (the first 5 AOIs on the traditional and tabular layout and the corresponding AOIs on the 

grid layout) 

 AOI bottom (the second 5 AOIs on the traditional and tabular layout and the corresponding AOIs on 

the grid layout) 

 AOI left (AOIs 1, 3, 5, 7 and 9, which are on the left column on the grid layout) 

 AOI right (AOIs 2, 4, 6, 8 and 10, which are on the right column on the grid layout) 

2.4         The Apparatus 

Tobii X120 was used to collect data for this study and Tobii Studio version 3.02 was used to 

generate the visualizations and eye tracking metrics. Tobii X120 is a Plug-and-Play eye tracking hardware. It 

locates the eyes, calibrates itself and calculates the gaze position automatically. It was used with a monitor 

running at a resolution of 1280 by 1024 pixels and 25ms response time and 60Hz frequency making this 

ideal for capturing eye movements on static web pages and software applications. Description of the Tobii 

hardware can be found in Appendix U. A Xenon™ Quad Core machine running Windows 7 Professional 

Service Pack 1 was used to run the Tobii Studio™ software. SurveyMonkey™ was used to collect pre and 

post experiment questionnaires. 

2.5         Experimental Design and Procedure 

The design of the experiment was a 3 x 2 within subject factorial design (Table 1). 

TABLE 1 

EXPERIMENTAL CONDITIONS 

Layout Task Type 

Traditional Informational 

Grid 
Navigational 

Tabular 

  

Participants completed 12 tasks in total – for each task, they were presented with either a 

traditional or a grid or a tabular layout condition to complete either an informational or navigational task. 
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So each participant completed 6 unique navigational and 6 unique informational tasks presented in either a 

traditional, grid or a tabular layout. Hence, the layout and task goal were both within-subject variables. The 

layout and task type was counterbalanced and the participants saw each unique content only once (in 

either traditional, grid or tabular layout). The target location on each of the SERPs (navigational tasks only) 

was counterbalanced with target on 2nd, 4th, 5th, 6th, 7th, and 10th search hits. 

Participants started out by filling out the consent form and completing the background 

questionnaire. To accurately capture their eye movement, the Tobii X120 was calibrated for each 

participant using the 9-point calibration method. After successful calibration, participants were given a task 

card that described a scenario and asked them to find some information on the SERP. After reading the task 

out loud and making sure they understood the task, the stimulus related to that specific task was loaded 

using Tobii Studio™. They were given a maximum of 3 minutes to complete the task described in the task 

card. The recording was terminated either after the completion of the task or after the time was up. Task 

success was recorded and the participants were asked to rate the difficulty (difficulty in completing the 

task), satisfaction (how satisfied or dissatisfied with the way information was presented on the SERP) and 

mental workload using the SMEQ questionnaire (Sauro and Dumas, 2009). The next task card and the 

stimulus were presented at that point. This process was repeated for all 12 tasks. After the completion of 

all the tasks, participants were asked to give their preference on the layout of the SERP. They were then 

given the post-experiment questionnaire and then briefed on the purpose of the study. The following 

section describes the dependent measures that were captured: 

2.6         Dependent Measures 

Tobii Studio fixation filter records a single fixation if two or more consecutive sample points fall 

within a 35-pixel radius from the averaged sample point location recorded by Tobii eye-tracker. The 

sampling is binocular and is determined by the median location between the left and right eyes being 

recorded. In the availability of only monocular data, the sample point for the single eye was used. In the 

absence of data from either eye, data was declared by Tobii Studio to be missing and the recording was 

excluded from the analysis. The following fixation related measures were captured: 

1. Fixations and Total Fixation Duration on AOIs shows the distribution of attention across different AOIs 

including search hits, titles, snippets, and URLs (Goldberg et al., 1999, Poole et al., 2004). Fixation is 

defined in Appendix D. 

2. Fixation Order shows the spatial arrangement of the sequence of fixations. 
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3. Time to First Fixation and Number of Fixations Before shows how quickly target is located. 

4. Usability Measures is the measure of task success, time on task, difficulty, satisfaction and efficiency of 

the search have been shown to correlate with the eye tracking measures on a webpage (Russell, 2005). 

The usability measure on the SERPs may provide a basis to investigate if such a relationship exists on 

SERPs. This study includes measure of task success, task difficulty, satisfaction and mental workload. 

5. Questionnaire Measures captures the subjective impression of the participants. 

These measures were collected with the primary goal of accomplishing two objectives: one 

objective was to validate the studies over the years that show the limitations of a traditional SERP layout 

and the second objective was to evaluate the alternative layouts (grid and tabular) in terms of those 

measures. More specifically, the goal was to test the hypothesis of the study. 

2.7        Hypotheses 

A. Usability data (Success, Time on Task, Difficulty, Satisfaction and Mental Workload) 

1. Participants will be more successful in completing the informational and navigational tasks on 

the grid and the tabular layout compared to the traditional layout. 

2. Participants will report more satisfaction and lower task difficulty in completing tasks on the 

alternative layouts compared to the traditional layout. 

3. Participants will report a lower mental workload for tasks presented on the grid and tabular 

layouts. 

4. Time on task will be quicker on the alternative layouts compared to the traditional layout. 

5. Participants will be more successful, quicker and report higher satisfaction and lower mental 

workload for navigational tasks as compared to the informational tasks. 

B. Fixation related data 

1. Time to first fixation on target will be shorter for the grid and tabular layout compared to the 

traditional layout in the navigational task conditions. 

2. Participants will look more at the bottom AOIs of the grid and tabular layouts compared to the 

traditional layout. However, this difference is not expected to be true for the top AOIs between 

the different layouts. This is applicable for the informational task conditions only because 

fixation is not driven by target location in this task condition. On the grid layout, participants 

will look more on the left column compared to the right column of the SERP. 
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3. Participants will fixate more and for longer duration on search hits when given informational 

tasks as compared to when given navigational tasks. 

4. Participants will fixate more and for longer duration on the search hit title and snippet and less 

on the URL while doing informational tasks compared to the navigational tasks. Similarly, when 

given navigational tasks, participants will fixate more and for longer on the URL of the search 

hits and less on the title and the text snippet.  
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CHAPTER 3 

RESULTS 

 Usability data was analyzed to see if there were significant differences by task type and layout. A 

2x3 ANOVA was run between the usability measures and task type or layout type. For the eye tracking 

analysis, data was collapsed by task type or by layout wherever appropriate and specific measures 

appropriate for the AOIs being compared was analyzed. The full detail of the analyses of the 

aforementioned data is presented in the appropriate sections below. 

3.1         Usability Measures: Task Success, Time on Task, Difficulty, Satisfaction and Mental Workload 

Completion of each task was dependent upon looking through the 10 search hits on the search 

engine results page and browsing to the second level by clicking on one or more of the search hits, 

depending on the nature of the task. Results (Table 2) showed that participants were equally successful at 

completing the tasks irrespective of the layout of the search engine results page. This shows the novelty of 

the grid and the tabular layouts did not impact how successful the participants were in finding the target 

information on those pages. Participants were slightly more successful in completing the navigational tasks 

compared to the informational tasks; however, there was no main effect of layout or task type on task 

success. 

Due to the nature of the tasks presented, task success was high across layouts and task type - there 

was a ceiling effect on task success, hence task success was inadequate in parsing the differences between 

the layouts/task types. Time on task measure was investigated as a measure that represented how much 

time was spent completing different tasks presented on the three different layouts. To look at the time 

spent on the SERPs, time spent on the secondary pages was eliminated from the analysis. Hence, time on 

task represents the mean overall time spent on the SERPs (including repeated visits). While the results 

were not significant, results showed that slightly less time was spent on the SERP when the SERP was 

presented in the grid layout, followed by traditional layout. Participants spent the most time when SERP 

was presented in the tabular layout. This shows the slight advantage of presenting the SERP in the grid 

layout (albeit not significant). Albeit being a new presentation layout of the SERP, participants seemed to 

take advantage of the no-scroll layout and complete the tasks slightly quickly compared to the traditional 

and the tabular layouts. Looking at this data by task type, the advantage of the grid layout was mostly 

attributed to the navigational tasks where least time was spent on the grid SERP, followed by traditional 
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SERP, followed by tabular SERP. For the informational task, time on task was the same across the three 

layouts. In terms of the time spent on the SERP by task type, it seems that participants spent significantly 

less time on the SERP while completing navigational tasks than informational tasks, F (1, 34) = 6.70, p < .05 

partial η2 = 0.165. 

 Participants rated the informational tasks to be significantly more difficult than navigational tasks, F 

(1, 574) = 35.07, p < .01 partial η2 = 0.058. Task difficulty was the lowest for the tabular layout followed by 

the traditional layout indicating that participants rated the tasks as being comparatively easier when 

presented in the tabular layout. Participants rated the task difficulty on the grid layout slightly higher than 

either of the other layouts indicating that participants rated the tasks as being comparatively harder when 

presented in the grid layout. There was no significant main effect of SERP layout on task difficulty. 

Participants reported higher satisfaction with the navigational tasks compared to the informational 

tasks, there was a significant main effect of task type on satisfaction ratings, F (1, 574) = 13.57, p < .01 

partial η2 = 0.023. Satisfaction for the tabular layout was slightly greater than traditional and grid layout 

and satisfaction for the grid layout was slightly higher than for the traditional layout. However, there was 

no significant main effect of page layout on satisfaction.  

Mental workload was reported higher for informational tasks as compared to the navigational 

tasks, F (1, 570) = 24.72, p < .01 partial η2 = 0.041. Participants reported similar mental workload while 

performing tasks on the traditional and the tabular layout. Mental workload was reported to be slightly 

higher for the tasks on a grid layout; however this difference was not significant. There was a significant 

main effect of task type on the reported mental workload. For the mental workload measurement, the 

Subjective Mental Effort Questionnaire was used, which uses a single score scale indicating the effort 

participants feel they have invested in the given task. The scale and the different value interpretations 

shown on Appendix I was always available for the participants to reference to while giving the workload 

score. The values for success, time on task, difficulty, satisfaction and mental workload are shown on Table 

2. 
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TABLE 2 

MEAN AND STANDARD DEVIATION VALUES FOR THE FIVE USABILITY MEASURES COLLECTED (SUCCESS, 

DIFFICULTY, SATISFACTION, MENTAL WORKLOAD AND TIME ON TASK) FOR THE DIFFERENT THREE 

DIFFERENT LAYOUT TYPES AND TWO DIFFERENT TASK TYPES. 

 Success Difficulty Satisfaction MWL Time on Task 

Traditional Layout M (SD) 0.98 (0.12) 1.79 (0.84) 1.69 (0.86) 21.81 (17.77) 14.6 (5.27) 

Grid Layout M (SD) 0.98 (0.12) 1.81 (0.92) 1.68 (0.91) 23.20 (23.12) 13.81 (7.18) 

Tabular Layout M (SD) 0.98 (0.14) 1.73 (0.91) 1.65 (0.94) 21.77 (20.99) 14.96 (6.34) 

      

Informational Task M (SD) 0.98 (0.14) 1.99 (0.91)* 1.81 (0.92)* 26.48 (21.69)* 16.92 (4.57)* 

Navigational Task M (SD) 0.99 (0.12) 1.56 (0.82)* 1.53 (0.86)* 18.05 (18.82)* 12 (6.64)* 

Success is on the scale of 0-1 (0 being unsuccessful and 1 being successful) 

Difficulty is on the scale of 1-5 (1 being very easy and 5 being very difficult) 

Satisfaction is on the scale of 1-5 (1 being very satisfied and 5 being very dissatisfied) 

Mental Workload is on the scale of 0-150 (where 0 indicates no effort at all and a value > 110 indicates exceptional 

amount of effort. The description of different values is shown in Appendix I. 

* Indicates p<.01 significance. 

 

3.2         Layout Preference 

Participants were also asked to rank the three different layouts according to their preference. Out 

of 48 participants, 41 of them (85.41%) selected the traditional layout as either their first or second 

preference layout. Thirty four participants (70%) selected the grid layout as their first or second preference 

and only 21 participants (43.75%) selected the tabular layout. The breakdown of the preferences by layout 

is shown in the Figure 9. Friedman’s test shows a significant difference in the preference between the 

layouts, 2(1, N = 48) = 12.13, p < .01. Post-hoc analysis with Wilcoxon Signed-Rank Test showed a 

significant difference between traditional and tabular layouts 3.57, p < .001 and a significant difference 

between grid and tabular layouts 2.05, p < .05. However, there was no difference between traditional and 

grid layout indicating participants did not prefer traditional layout over grid layout or vice versa.  
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Figure 9. User preference of the three different layouts. 

3.3         Eye Tracking Analysis 

For the purpose of eye tracking analysis, different measures were exported from Tobii Studio: 

fixation count, total fixation duration, time to first fixation, and fixation count before fixating on the AOI. 

Wherever appropriate, analysis of each of these measures was reported for the AOIs detailed in the 

breakdown of AOI section. Also, the data was collapsed by the layout type or the task type wherever 

appropriate for analysis. When the assumption of sphericity was not met, the Greenhouse-Geisser value 

was used to determine significance. 

3.4         User Strategies on Different Layouts  

To understand the strategies employed by the users when completing an informational or a 

navigational task on the three different SERP layouts, it was important to compare fixation related eye 

tracking data between them. Analysis of the fixation count and fixation duration data revealed no 

significant differences between the three different layouts in terms of the 10 search hits represented by the 

10 AOIs (Appendix L). Fixation order was calculated for the AOIs on the three different layout conditions. To 

get this measure, time to first fixation and fixations before fixating on the AOI and was summated and 

sorted in an ascending order. This data was particularly interesting for the navigational task condition since 

the navigational tasks required the users to find specific targets (as in a specific AOI containing the target 

information). These measures could provide insight into how quickly the participants fixate on the target on 

the three different layouts. The targets were located on the 2nd, 4th, 5th, 6th, 7th and 10th AOI. 

To investigate the differences in the time to first fixation of those AOIs, a split-plot ANOVA was run 

on those specific AOIs against the layout type. Results showed main effect of the AOI, F (5, 1425) = 14.44, p 
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< .01, partial η2 = 0.048 but no main effect of layout or the interaction. Overall, time to first fixation on 

these AOIs was not different by the layout, however, further analysis of the 1st task (2nd AOI) and the 5th 

task (7th AOI) showed that for the 1st task (2nd AOI), there was a main effect of layout between traditional 

and the grid layout, AOI F (1, 190) = 16.81, p < .01, partial η2 = 0.081, as well as between the tabular and 

the grid layout, F (1, 191) = 10.78, p < .01, partial η2 = 0.053. For the 5th task (7th AOI), there was a 

significant difference in the time to first fixation between the traditional and the grid layout, F (1, 190) = 

6.11, p < .05, partial η2 = 0.031 as well as a significant difference between the traditional and the tabular 

layout, F (1, 189) = 4.75, p < .05, partial η2 = 0.025. This finding showed that the second column of the grid 

layout was attended after significantly longer time than the second row of the traditional and the tabular 

layout indicating that the participants looked through the left column even when the target was the first 

item on the right column. Similarly, the 7th AOI, which is the second last search hit on the left column, was 

attended to later than the 7th AOI on the traditional layout. Analysis of the number of fixations before data 

showed no main effect of layout. There was a main effect of AOI which was expected due to the differences 

in the tasks itself, F (5, 1420) = 13.96, p < .01, partial η2 = 0.047 and no interaction. Digging deeper into the 

5th task (7th AOI), results showed a significant difference in the number of fixations before data between the 

traditional and the grid layout, F (1, 189) = 8.25, p < .01, partial η2 = 0.042 as well as a significant difference 

between the traditional and the tabular layout, F (1, 188) = 6.35, p < .05, partial η2 = 0.033. Figure 10 shows 

the fixation order on all the AOIs for the navigational task. 
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Figure 10. Number of fixations before (top) and time taken to first fixate (bottom) and on the 6 target AOIs 

on the navigational tasks shown for the three different layouts. 

These results showed that participants took equally long and made as many fixations on other AOIs 

before fixating on the target AOI regardless of the layout the SERP was presented to them. Another factor 

impacting the efficiency of finding the target on the grid layout is the sequence of how the search hits were 

laid out. Compared to the traditional and the tabular layouts, the corresponding 2nd, 4th, 6th, 8th and 10th 

AOIs were on the right column on the grid layout. Users clearly fixate less on the right column shown by the 

dips on the 2nd, 4th, 6th and 8th AOIs in Figure 11.  

0

2

4

6

8

10

12

14

16

18

AOI2 AOI4 AOI5 AOI6 AOI7 AOI10

N
u

m
b

e
r 

o
f 

Fi
xa

ti
o

n
s 

B
e

fo
re

Target AOIs

Traditional

Grid

Tabular

0

1

2

3

4

5

6

AOI2 AOI4 AOI5 AOI6 AOI7 AOI10

Ti
m

e
 t

o
 F

ir
st

 F
ix

at
io

n
 (

se
co

n
d

s)

Target AOIs

Traditional

Grid

Tabular



31 
 

 

 

Figure 11. Distribution of fixation count (top) and total fixation duration (bottom) shown on the 10 AOIs of 

the three different layouts of the SERP (navigational tasks). 

If the AOIs had been sequentially laid out on the left column followed by the right column, then top 

5 AOIs would fall on the left column and the bottom 5 AOIs would fall on the right column of the grid 

layout. For the sake of this argument, this comparison is accomplished by swapping the 2nd, 4th, 5th, 6th, 7th 

and 10th AOIs with 6th, 7th, 3rd, 8th, 4th and 10th AOIs respectively on the grid layout. In this hypothetical 

condition, the difference in fixation order seen on the 2nd and the 7th AOI between the grid and the 

traditional layout would not exist as shown in Figure 12. 
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Figure 12. Number of fixations before (top) and time taken to first fixate (bottom) and on the 6 target AOIs 

on the navigational tasks with the AOIs on the grid layout swapped shown for the three different layouts. 
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Figure 13. Number of fixations before on the original AOIs (top) and number of fixations before with the 

swapped AOI, only on the grid layout (bottom) on the 10 AOIs on the informational tasks shown for the 

three different layouts. 

Figure 13 shows that given the reorganization of the AOIs on the grid layout, fixations before 

fixating on the AOIs are not significantly different between the traditional and the grid layout despite the 

fact that the grid layout is a two column layout. This also shows that users do attend to the left column of 

the grid layout before fixating on the AOIs on the right column. 
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3.5         User Strategies on the Top and Bottom AOIs 

The grid layout is a unique layout - as discussed above, the sequence of the AOIs on the grid layout 

is different compared to the linear layout of the traditional and the tabular layouts. It is also the only layout 

where all of the search hits are visible above the fold with no scrolling on the page. So the question of 

whether the non-scrolling attribute of the grid layout allowed the users to fixate more on the bottom AOIs 

was addressed. A split-plot ANOVA was also run on the fixation count on top and bottom set of AOIs for the 

informational task. There was a main effect for AOI and the interaction between AOI and layout, and no 

main effect of layout, F (1, 282) = 631.71, p < .01, partial η2 = 0.691 and F (2, 282) = 6.24, p < .01, partial η2 

= 0.042 respectively. Deeper analysis showed higher fixation count on the top AOIs of the tabular layout 

compared to the grid layout, F (1, 189) = 649.11, p < .05. Analyzing the total fixation duration data showed 

significant main effect of AOI, F (1, 283) = 113.47, p < .01, partial η2 = 0.286 and interaction between AOI 

and layout, F (2, 283) = 39.79, p < .01, partial η2 = 0.219 and no main effect for layout. Further analysis 

showed, a significant higher total fixation duration on the top AOIs of the tabular layout compared to the 

traditional layout and the grid layout, F (1, 188) = 10.34, p < .01 and F (1, 190) = 17.13, p < .01, respectively. 

However, the bottom AOIs of the tabular layout had significantly lower total fixation duration compared to 

the traditional and the grid layouts, F (1, 188) = 6.52, p < .001 and F (1, 190) = 38.97, p < .001, respectively. 

These results showed two key strategies, first, regardless of the layout, participants fixated significantly 

more and for longer on the top AOIs compared to the bottom AOIs, and second, for the tabular layout 

fixation duration on the top AOIs was significantly higher and on the bottom AOIs it was significantly lower 

than that for the traditional and the grid layout (Figure 14). This may be due to the fact that once the users 

figured out the page structure of the tabular layout, they were able to quickly parse the information they 

needed from the cleanly separated search hit title, URL and text snippet, resulting in a low fixation duration 

on the bottom AOIs. 
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Figure 14. Distribution of fixation count (top) and total fixation duration (bottom) shown on the aggregate 

of the top half AOIs and bottom half AOIs on the three different layouts of the SERP (informational tasks). 

While this analysis is a comparison of AOI vs. AOI between the layouts, due to the organization of 

the AOIs on the grid layout, it is not a true top bottom comparison in terms of the physical location of the 

AOI on the page for the informational tasks. Comparison was done between the top AOIs from the 

traditional and the tabular layout with the left AOIs of the grid layout for the fixation count and total 

fixation duration data (Table 3). For the fixation count data, results showed a main effect of AOI, F (1, 282) 

= 512.62, p < .01, partial η2 = 0.64 as well as an interaction, F (2, 282) = 25.98, p < .01, partial η2 = 0.156 but 

no main effect of layout. Further analysis showed significant more fixations on the right column of the grid 

layout compared to the traditional layout as well as the tabular layout, F (1, 191) = 15.17, p < .001 and F (1, 
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189) = 5.60, p < .05, respectively. Analysis of the fixation duration data showed a main effect of layout, F (1, 

283) = 21.58, p < .001, partial η2 = 0.132 and an interaction between AOI and layout, F (2, 283) = 161.63, p 

< .001, partial η2 = 0.53. There was no main effect of AOI. Further analysis showed that total fixation 

duration on the right column of the grid layout was significantly higher than the bottom AOIs of the 

traditional and the tabular layouts, F (1, 191) = 16.62, p < .001 and F (1, 190) = 226.01, p < .001, 

respectively. These results show that the participants fixated for more and longer on the right column of 

the grid layout as compared to the bottom AOIs of the traditional and the tabular layouts. 

TABLE 3 

COMPARISON OF NUMBER OF FIXATIONS AND TOTAL FIXATION DURATION BETWEEN THE LEFT 

AND RIGHT COLUMNS OF GRID LAYOUT WITH THE TOP AND BOTTOM AOIs OF THE TRADITIONAL AND THE 

TABULAR LAYOUTS. 

 Number of Fixations Total Fixation Duration 

(seconds) 

Grid Left 35.24 4.38 

Traditional Top 45.72 4.20 

Tabular Top 48.46 6.19 

Grid Right 18.84 8.94 

Traditional Bottom 9.32 3.77 

Tabular Bottom 12.13 1.10 

 

3.6         User Strategies Based on Task Type 

Analysis was also done to see how participants look at the left and the right columns of the grid 

layout while performing informational and navigational tasks. A split plot ANOVA was run on the grid layout 

for the left and the right column and it showed a main effect of AOI and task type, F (1, 192) = 68.86, p 

< .01, partial η2 = 0.264; F (1, 192) = 9.36, p < .01, partial η2 = 0.047 and F (1, 192) = 11.96, p < .01, partial 

η2 = 0.059 respectively. Further analysis showed that on the left AOIs there were significantly more 

fixations while completing an informational task compared to the navigational tasks, F (1, 193) = 14.12, p 

< .001. Analysis of the total fixation duration data showed a significant main effect for AOI, task type and 

interaction, F (1, 192) = 247.61, p < .01, partial η2 = 0.563; F (1, 192) = 10.10, p < .01, partial η2 = 0.050 and 
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F (1, 192) = 7.87, p < .01, partial η2 = 0.039 respectively. Further analysis showed that total fixation 

duration on the left as well as the right column of the grid layout was significantly higher when completing 

an informational task compared to the navigational task, F (1, 193) = 5.44, p < .05 and F (1, 193) = 12.32, p 

< .01, respectively (Figure 15). 

 

 

 

Figure 15. Distribution of fixation count (top) and total fixation duration (bottom) shown on the aggregated 

AOIs for the left half and right half results for informational and navigational tasks (grid layout). 

These results showed an interesting user strategy where they fixated more on the left column of 
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was true for both the task conditions. Since we know participants looked down the left column first before 

moving to the right column, they browsed the left column quickly, indicated by the higher fixation count, 

and moved to the right column where they spent their time extracting information indicated by the longer 

fixation duration. Results also showed significant differences in fixation count and fixation duration by task 

type, participants fixated more on the left AOIs and for longer on the right AOIs when completing an 

informational task compared to the navigational tasks (Figure 12). Task differences between the top half 

and the bottom half AOIs was also investigated for the traditional and the tabular layout. 

For the traditional layout, analysis of fixation count data on the top 5 and the bottom 5 AOIs 

showed a significant main effect of AOI, task type and interaction: F (1, 192) = 214.81, p < .01, partial η2 = 

0.528; F (1, 192) = 9.36, p < .01, partial η2 = 0.047 and F (1, 192) = 17.99, p < .01, partial η2 = 0.086 

respectively. Analysis of total fixation duration data showed a main effect of task type: F (1, 188) = 6.07, p 

< .05, partial η2 = 0.031 but no main effect of AOI and there was no interaction. It was noted that in the 

information task condition total fixation duration decreased from the first half to the second half of the 

SERP and that was exactly the opposite for the navigation tasks showing an inverse relationship (Figure 16). 

This indicates that as the targets are deeper down the AOIs, it takes longer for the users to find those 

targets, hence the higher fixation duration for the navigational task. 
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Figure 16. Distribution of fixation count (top) and total fixation duration (bottom) shown on the aggregated 

AOIs for the top half and bottom half results for informational and navigational tasks (traditional layout). 

 For the tabular layout, similar inverse relationship found on the traditional layout was seen. 

Analyzing the fixation count data showed a main effect of AOI, F (1, 187) = 218.55, p < .01, partial η2 = 0.53, 

a main effect of task type, F (1, 187) = 7.52, p < .01, partial η2 = 0.039, as well as an interaction between the 

AOI and the task type F (1, 187) = 28.49, p < .01, partial η2 = 0.132. Total fixation duration data showed a 

main effect of AOI, F (1, 188) = 53.63, p < .01, partial η2 = 0.222 and the interaction between the AOI and 

the task type F (1, 188) = 130.77, p < .01, partial η2 = 0.410 but no main effect of task type. This result 

shows that participants mostly looked at the top half of the page in the tabular layout while completing 

informational task. This is not very different from the findings on the traditional layout except that the 
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fixation duration on the second half of the page is drastically low. This could be because of the fact that 

information on the tabular layout is parsed out so distinctly that they did not have to look at the bottom of 

the page to complete the informational task. For the navigational task, the fixation duration between the 

top and the bottom half of the page is not that different and the increase on the bottom half of the page is 

only slight indicating that as the target information was deeper down the AOI, it did not take the users 

much more time to find them compared to if the target information was on the top AOIs (Figure 17). 
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Figure 17. Distribution of fixation count (top) and total fixation duration (bottom) shown on the AOIs for 

the aggregate of the top half AOIs and bottom half AOIs for informational and navigational tasks (tabular 

layout). 

 These results show that regardless of the layout condition, fixations on the AOIs were higher for 

informational tasks as compared to the navigational tasks. A detailed breakdown of the fixation count and 

duration on the 10 individual AOIs showing higher fixation count for informational tasks can be found in 

Appendix M. It was also of interest to see how the fixation count and duration data is dispersed within the 

AOIs in the three different layouts and how that distribution is impacted by the task type. Each AOI was 

divided into 3 sub AOIs representing the search hit title, URL and the text snippet. 
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 Informational Tasks - Traditional vs. Grid vs. Tabular Layouts – 3 AOIs (Title, URL, Text Snippet): 

A split-plot ANOVA was also run on the fixation count on 3 AOIs (title, URL and snippet) for the 

informational tasks. Results showed the main effect of AOI and the interaction but not the main 

effect of layout, AOI F (2, 564) = 41.53, p < .01, partial η2 = 0.128 and AOI F (4, 564) = 12.07, p < .01, 

partial η2 = 0.079, respectively. Investigating the difference between the fixation count on the 

traditional and the tabular layout for just the URL, the difference was significant, F (1, 377) = 16.09, 

p < .01, partial η2 = 0.041. Total fixation duration on the 3 AOIs (title, URL and snippet) was also 

analyzed for the informational tasks and the results showed main effect of AOI, F (2, 566) = 242.62, 

p < .01, partial η2 = 0.462 and interaction F (4, 566) = 11.51, p < .01, partial η2 = 0.075 but no main 

effect of layout. Looking deeper into the total fixation duration on the text snippet between the 

three layouts, there was a significant difference between the tabular and the grid layouts, F (1, 382) 

= 13.92, p < .01, partial η2 = 0.035. This shows that the URL was generally viewed less times when 

completing an information task. This was true more so for the tabular layout as the layout by 

design enabled users to easily parse out information from the three distinct sub-AOIs (Figures 18 

and 19). Sample heatmap of the fixation count on the different layouts by task type is shown in 

Appendix P. 
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Figure 18. Distribution of fixation count (top) and total fixation duration (bottom) shown on the AOIs for 

title (1), URL (2) and text snippet (3) on the three different layouts of the SERP (informational tasks). 
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Traditional Layout Grid Layout Tabular Layout 

 

Figure 19. Sample heatmap showing the fixations on the title, URL and text snippets on traditional (left), 

grid (middle) and tabular (right) layouts while completing an informational task. 

 Navigational Tasks - Traditional vs. Grid vs. Tabular Layouts – 3 AOIs (Title, URL, Text Snippet): 

A split-plot ANOVA was also run on the fixation count on 3 AOIs (title, URL and snippet) for the 

navigation tasks. Results showed a main effect of AOI and the interaction but not the main effect of 

layout, F (2, 570) = 4.33, p < .05, partial η2 = 0.015 and F (4, 570) = 16.96, p < .01, partial η2 = 0.106, 

respectively. It is to be noted that fixation count on the text snippet of the tabular layout is 

significantly less than the fixation count for the traditional and grid layouts on the text snippet. 

Looking deeper into the fixation count differences in just the text snippets between the three 

layouts, there was a significant difference in the fixation count between the traditional and the 

tabular layouts, F (1, 189) = 18.27, p < .01, partial η2 = 0.088; There was also a significant difference 

in the fixation count between the grid and the tabular layout, F (1, 191) = 15.35, p < .01, partial η2 = 

0.074. In terms of the total fixation duration data, there was a main effect of AOI F (2, 570) = 92.31, 

p < .01, partial η2 = 0.245 but no main effect of layout and no interaction between the AOI and 

layout. This shows that participants looked at the URL more than the title and the text snippet 

while doing navigational tasks regardless of the layout presented. On the tabular layout, 

participants looked at the text snippet even less because they were extracting most of the 

information they needed to complete the navigational task from the title and the URL sub-AOIs 

(Figures 20 and 21). 
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Figure 20. Distribution of fixation count (top) and total fixation duration (bottom) shown on the AOIs for 

title, URL and text snippet on the three different layouts of the SERP (navigational tasks). 
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Traditional Layout Grid Layout Tabular Layout 

 

Figure 21. Sample heatmap showing the fixations on the title, URL and text snippets on traditional (left), 

grid (middle) and tabular (right) layouts while completing a navigational task. 

 To investigate the difference between the fixation count and duration measures on the title, URL 

and text snippet sub-AOIs by task type, data was analyzed for each of the three layouts individually. 

 Informational Task vs. Navigation Tasks – Traditional Layout – Title, URL and Text Snippet:  

Analyzing the fixation count data on the traditional layout showed that there was a main effect of 

task type, F (1, 188) = 5.73, p < .01, partial η2 = 0.030 but no significant main effect of AOI and no 

interaction between AOI and task type. For the total fixation duration data, there was a main effect 

of AOI, F (2, 376) = 143.81, p < .01, partial η2 = 0.433 and an interaction between AOI and task type 

F (2, 376) = 11.92, p < .01, partial η2 = 0.060 but no main effect of task type (Figure 22). 
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Figure 22. Distribution of fixation count (top) and total fixation duration (bottom) shown on the AOIs for 

title, URL and text snippet for informational and navigational tasks (traditional layout). 

 Informational Task vs. Navigation Tasks – Grid Layout – Title, URL and Text Snippet: 

Analyzing the fixation count data on the grid layout showed a main effect of AOI F (2, 384) = 10.36, 

p < .01, partial η2 = 0.051 and a main effect of task type F (1, 192) = 10.58, p < .01, partial η2 = 

0.052 as well as interaction between AOI and task type F (2, 384) = 4.07, p < .01, partial η2 = 0.024. 

Similar analysis of the total fixation duration showed a main effect of AOI F (2, 384) = 95.63, p < .01, 

partial η2 = 0.332 and a main effect of task type F (1, 192) = 3.94, p < .05, partial η2 = 0.020 as well 

as an interaction between AOI and task type F (2, 384) = 12.03, p < .01, partial η2 = 0.059 (Figure 

23). 
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Figure 23. Distribution of fixation count (top) and total fixation duration (bottom) shown on the AOIs for 

title, URL and text snippet for informational and navigational tasks (grid layout). 

 Informational Task vs. Navigation Tasks – Tabular Layout – Title, URL and Text Snippet: 

Analyzing fixation count data on the tabular layout showed a main effect of AOI, F (2, 374) = 27.06, 

p < .01, partial η2 = 0.126 and a main effect of task type F (1, 187) = 12.19, p < .01, partial η2 = 

0.061 as well as the interaction between AOI and task type F (2, 374) = 41.61, p < .01, partial η2 = 

0.182. The significant main effect for AOI and task type show that the fixation counts on these AOIs 

are different from each other and show that the type of task has significant influence on the 

fixation counts (Figure 24). 
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Figure 24. Distribution of fixation count (top) and total fixation duration (bottom) shown on the AOIs for 

title, URL and text snippet for informational and navigational tasks (tabular layout). 

It was expected to see a higher fixation count on the URL for the navigational tasks and higher 

fixation counts on the title and the text snippet for the informational tasks. The traditional layout did not 

show a significant main effect for the AOI indicating the fixation count on the 3AOIs were not different; 

however there still was a main effect of task type. Analyzing the total fixation duration data showed a main 

effect of AOI, F (2, 376) = 109.95, p < .01, partial η2 = 0.369 and an interaction between AOI and task type F 

(2, 376) = 13.81, p < .01, partial η2 = 0.068 but no main effect of task type. There was no main effect of task 

type on the traditional and the tabular layout. Main effect of task type on the grid layout shows total 

fixation duration differences on the title, URL and the snippet in the grid layout – interestingly, total 
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fixation duration is higher on the URL for the informational task than for the navigational task. This finding 

is opposite on the fixation count where fixation count was higher for the navigational task.  
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CHAPTER 4 

DISCUSSION 

4.1         User Preference 

 From the post experiment survey, it is clear that the users preferred the traditional layout over the 

grid or the tabular layout. The grid layout was preferred second in terms of user preference and the tabular 

layout was rated by the participants as the least preferred. The qualitative data captured participants’ view 

of these three different layouts (a complete qualitative data analysis of user preference data is in Appendix 

N) – they described the traditional layout as being organized, good visual, easy to read, familiar and 

comfortable and some even said it is the best search layout; the grid layout was described as confusing, 

awkward scanning, difficult to prioritize search results and visually confusing and not familiar but they also 

recognized the fact that this layout allowed all of the search hits to be seen at a time without the need for 

scrolling. Despite the mostly negative remarks on the layout, almost equal number of participants 

preferred this layout as their first preference after the traditional layout. The tabular was described as 

visually uncomfortable, confusing, unfamiliar layout, but was also deemed useful for academic purposes 

where the user is focused on finding results from specific and/or credible websites. Despite the recognition 

of the merits, more than twice the number of participants indicated preference towards the traditional 

layout compared to the tabular layout. 

4.2         Making Sense of the Usability Data 

In terms of the task differences, participants were equally successful in completing both the task 

types but rated the informational tasks as being significantly more difficult, took participants significantly 

longer to complete and rated satisfaction significantly lower and mental workload significantly higher. This 

was expected and consistent with the findings from the literature regarding the two task types. Usability 

data failed to show that participants were any more successful in completing the tasks when presented a 

traditional layout as compared to when presented with the grid or the tabular layout. This could have been 

because the participants were successful with all tasks. While not statistically significant, the tasks were 

rated as being the least difficult when presented in the tabular layout at the same time participants 

reported being the least satisfied with the way the information was presented to them on the tabular 

layout condition. The mental workload reported for the tabular layout was similar to the traditional layout 

while that for the grid layout was higher (but not statistically higher) than the traditional or the tabular 
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layouts. This shows a clear discrepancy between the post experiment opinion on the three different layouts 

and the post task self-report of task difficulty, satisfaction and mental workload. Time on task data 

between the three different layouts was not different when completing the informational tasks. 

Furthermore, when completing the navigational tasks, it took users slightly less time to complete a task 

presented in the grid layout compared to the traditional and the tabular layouts. This data is presented in 

Table 2. 

Based on this data we can see that while the alternative layouts did not result in better task 

success, time on task, difficulty, satisfaction and mental workload, they were also not significantly worse as 

portrayed by the qualitative data. What this does potentially show, however, is participants’ resistance to 

the idea of change to the legacy design/layout they have become used to over the years of Internet use. It 

is not uncommon to see this discrepancy between performance and preference simply for the fact that the 

factors that influence preference (familiarity in this context) may not necessarily translate to a performance 

advantage, Andre and Wickens (1995). 

4.3         Interpreting Eye Tracking Data 

The alternative layouts compared with the traditional layout in this study each had unique 

attributes – the grid layout was a two column layout and the participants did not need to scroll to see the 

entire content of the SERP. The AOIs were arranged on this layout sequentially from left to right then top to 

bottom. The tabular layout had the search hit title, URL and the text snippet separated into three columns 

and each search hit was stacked vertically, like the traditional layout. The first question was whether or not 

target information was fixated quicker– quicker fixation on the target and fewer fixations before it meant 

higher efficiency of search. There were 6 unique navigational tasks and the target location on each of these 

was varied to a specific search hit location. In terms of the AOI, 2nd (1st task), 4th (2nd task), 5th (3rd task), 6th 

(4th task), 7th (5th task), and 10th (6th task) AOIs were the target AOIs. Overall, the 2nd AOI was the quickest to 

be fixated; the 4th AOI saw the largest jump in the time to fixation measure and for the rest of the tasks, 

time to first fixation on the target AOI was almost the same indicating that if the target was not on the top 

AOI then the time to first fixation was almost the same for all other AOIs (Figure 10). In terms of the layout 

differences, there was a significant difference in the time to first fixation on the 2nd AOI, participants were 

significantly quicker to fixate on it when the task was presented in the traditional or the tabular layout as 

compared to the grid layout.  This shows that it took the participants longer to first fixate on the second 

column of the grid layout than it took them to scan down and fixate on the second row of the single column 
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layouts (traditional and tabular layout). The traditional layout had an advantage over the grid layout on the 

2nd and the 7th AOI in terms of the time it took for the participant to fixate on them, for the rest of the AOIs 

there was no significant difference between the layouts. This shows that the grid and the tabular layouts 

did not have a significant advantage over the traditional layout as initially anticipated, it is to be noted that 

they did not also have a significant disadvantage. This is discounting the fact that 100% of the participants 

had extensive practice with the traditional layout and no practice at all with the grid and the tabular layout 

of the SERP prior to the start of this experiment. Comparing the 2nd AOI on the traditional and the tabular 

layout with the 3rd AOI on the grid layout (which is in the same physical location as the 2nd AOI on the 

traditional and tabular layouts) the difference in fixation count and duration before fixating on the 2nd AOI 

goes away as shown in Figure 12. This means that if the 2nd AOI on the grid layout were to be placed on the 

second row rather than the second column, time to fixate on this AOI would be no different than the time 

to fixate on the 2nd AOI on the traditional or the tabular layouts. Figure 12 also shows fixation order 

changes on other AOIs but since this navigational task is a target driven search scenario, we cannot 

attribute the changes to the fixation order on the AOIs of the layout without the bias of the tasks. This, 

however, does not apply to the informational task conditions and AOIs on the grid layout can be compared 

as though they were laid out vertically before moving to the right column. 

To better understand the user behavior on the left and the right column it made sense to aggregate 

the AOIs and get data on the left column (AOIs 1, 3, 5, 7, and 9) and the right column (AOIs 2, 4, 6, 8 and 10) 

of the grid layout. For both the fixation count and total fixation duration data, there was a main effect of 

AOI and a main effect of task type so the fixation count and total fixation duration was significantly 

different for the information and the navigational tasks, however, between the two measures, fixation 

count was higher on the left column (Figure 15 - top) compared to the right column but total fixation 

duration was higher in the right column (Figure 15 - bottom) than the left column. This trend was true for 

both the information and the navigational tasks. So while participants looked at the right column of the grid 

layout less number of times, they looked at it for longer duration. This is an interesting finding because this 

clearly shows that participants treated the left and the right column of the grid layout very differently 

regardless of the task type. Higher number of fixations and lower fixation duration indicates that 

participants skimmed through the results on the left column very quickly, however when they did look at 

the right column, rather than skimming through, they strategized to make longer fixations thereby resulting 

in lower fixation count but higher fixation duration. The reason behind the strategy could be that since they 

have exhausted skimming through the left column already, they are cautiously gathering information from 

the right column since there is no other place remaining where the target information is located. 
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For the traditional and the tabular layouts, the top and the bottom half AOIs were compared. 

Results were congruent with other studies (Granka et al., 2004; Joachims et al., 2005; Dumais et al., 2010; 

Curtell et al., 2007; Guan et al., 2007) in the literature, participants fixated on the top results more than 

they fixated on the bottom results. This was true for both the informational as well as navigational tasks. 

The participants not only fixated more but they fixated for longer duration as well. Fixation count and total 

fixation duration on the top AOIs was higher for informational tasks than for navigational tasks. Analysis 

was done to look at the effects of task type for each of the layouts separately as well. For each of the three 

layouts, there was a significant main effect of AOI and task type as well as the interaction. This indicates 

that regardless of the layout of the SERP participants still had higher fixation and higher total fixation 

duration on the top AOIs than on the bottom AOIs. Comparing the left column on the grid layout with the 

top 5 AOIs on the traditional layout and the right column on the grid with the bottom 5 AOIs on the 

traditional layout for the informational task, showed a significant main effect of layout indicating that there 

were more fixations on both left and the right column of the grid layout compared to the top and bottom 

AOIs of the traditional layout. This means that the hierarchical bias seen on the traditional layout is less 

prominent when the same content is presented in the grid layout and participants attend to (in terms of 

fixation count data) the AOIs more indicating a reduction in the hierarchical bias. Similar result was found 

when comparing the grid with the tabular layouts as well but not when comparing the tabular and the 

traditional layouts. 

 As mentioned above, the tabular layout had the search hit title, URL and the text snippet separated 

into three columns and each search hit was stacked vertically, like the traditional layout. For the purposes 

of the analysis, each of the 10 AOIs in all 3 layouts was also divided into 3 sets of sub-AOIs – title, URL and 

the text snippet. Aggregate of just the title from all 10 AOIs computed fixation count and total fixation 

duration data on the title and similarly for the URL and the text snippet. The purpose of this was to look at 

where exactly the participants were extracting their information while trying to complete the different 

tasks on the three different layouts. Overall, results showed a main effect of AOI as well as a main effect of 

task type for both the fixation count and the total fixation duration measures, indicating the two 

dependent measures differed significantly between the AOIs and was also influenced significantly by the 

task type. The fixation count data showed that participants completing the informational tasks had a higher 

fixation count on the title and the text snippet and almost equal fixation count on the URL compared to the 

navigational task condition (Figure 19 – top and 20 - top). However, in terms of total fixation duration, 

participants fixated equally long on the title between the task conditions but fixated longer on the URL and 

text snippet for informational tasks (Figure 19 – bottom and 20 - bottom). Looking at this data one layout at 
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a time indicated that fixation count data was significantly influenced by the task type. The fixation count on 

the 3 AOIs was higher for the informational tasks on all three layouts (Figures 22, 23 and 24) except for the 

tabular layout (Figure 24), where fixation count on the URL was higher for navigational tasks compared to 

the informational task, this is an indication that users were able to parse out title, URL and text snippet 

information on the tabular layout easier and were able to ignore irrelevant information, (the URL in this 

scenario as this was an informational task). In summary, fixation count for informational tasks was higher 

for the title, lower for the URL and higher for the text snippet forming a sort of a “V” shaped graph (Figures 

18 and 19), (Curtell et al., 2007; Guan et al., 2007). For the navigational tasks, there was longer fixation on 

the URL compared to the title and the text snippet forming an “inverse V” shaped graph (Figures 20 and 

21). 

 The segregation of the title, URL and the text snippet in the tabular layout seems to have made it 

easier for the participants to either fixate or not fixate on them depending on the strategy they choose to 

employ to complete a particular task. While completing an informational task, participants using the 

tabular layout fixated more time on the title and less times on the URL compared to the grid and the 

traditional layouts and while completing a navigational task participants using the tabular layout fixated 

much less times on the text snippet compared to the traditional and the grid layouts and more on the URL. 

4.4         The Grid Layout 

The grid layout was by design a scroll-less design. This allowed the users to view all the search hits 

at a glance. In terms of the usability data, despite being a novel layout, participants rated this design as 

favorably as the traditional design while completing both the informational and the navigational tasks. 

Participants also indicated that they preferred the grid layout as much as they preferred the traditional 

layout. Participants viewed the right column of the grid layout more times and for longer compared to the 

traditional and the tabular layouts while completing informational tasks, indicating a weakened hierarchical 

bias in comparison. The efficiency of finding the target on the grid layout (fixation count before fixating on 

the target) was almost equal to that on the traditional layout. These results point to the grid layout as a 

viable alternative to the traditional layout and could even outclass the heavily practiced traditional layout 

in some respect. 

The finding that hierarchical bias can be weakened in a web search context without the sacrifice of 

subjective as well as objective ratings is an important contribution to the literature as well as to the 

industry. This study has also established the eye movement pattern on alternative layouts in terms of how 
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many times, how long and in what sequence do participants fixate on the different search hits of the 

alternative layouts while completing informational and navigational tasks and how that compares to those 

measures on the traditional SERP layout. 

4.5         Design Implications 

 The application of a search interface, in the likes of a web based search engines, is not just limited 

to the web. There are various search application within intranets, databases and ecommerce websites. The 

results of this study did not find indisputable support to the advantages of the alternate layouts over the 

traditional layout in the context of the web based search engine, but it is also true that it failed to find 

disadvantages of the alternate layouts over the traditional layout in terms of the objective data. However, 

in terms of user preference, the preference for the traditional layout of the SERP exceeded the alternative 

layouts, especially the tabular layout. Certain factors should be realized that could have accounted for this 

lack of difference and these factors should be studied in future studies to better understand the 

preference-performance discrepancy along with the lack of main effect of layout in the current study: 

 Familiarity: It is possible that with extended familiarity and repeated use, users could have a more 

accepting attitude towards these alternate layouts and learn to exploit the benefits of these alternate 

layouts for the web based search tasks. However, it is also possible that the context of search via a web 

based search engine is biased beyond overcoming the expectation of position (of the information 

presented on the page) or the presence of scroll on the page, and while correcting these factors may 

even slightly improve performance (with practice and increased familiarity), users may never indicate 

the alternative layouts as their layouts of preference, this is a future research question. Most users 

reported the fix for the information below the fold would likely never be high on their wish list of 

search engine features for a web search, in fact they indicated relying on the search engines’ placement 

of information below the fold as non-important search hits actually makes it a feature they would want 

to keep. Hence, it makes sense for the mainstream search engines to innovate in other ways rather 

than making the users relearn and change their expectations by drastically changing the layout that 

they are already familiar with. 

 

 Motivation: While increasing experience with the non-traditional layouts is one alternative to minimize 

the familiarity factor when assessing the preference of layout (as familiarity was almost always 

indicated behind the reason of their preference of the traditional layout), another factor that may 
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influence preference is motivation. Perhaps increasing the cost of not finding the information quickly 

could facilitate appreciation of the key features of the alternative layouts (like no scrolling results page 

of the grid layout, and the interface of the tabular layout that could be easily parsed). 

 

 Context: A design is only effective in its appropriate context. In that regard, it would be interesting to 

see if the tolerance to the seeming drawbacks of the traditional layout persists in other search contexts 

like a search within an e-commerce application or perhaps a search on a non-traditional (but 

increasingly popular) form factor of a tablet. The context of the web search engine results page, in 

terms of its layout and presentation of information seems to be very homogeneous (looking at the 

layout of all major search engine results pages), hence is it understandable that users have a pre-

conceived bias towards that layout and presentation (as indicated by the subjective data). Moving on 

to a different search scenario, namely the search on ecommerce sites, the search results page lacks the 

homogeneity of the web search scenario in terms of the layout and presentation of information. This 

allows for a bias free context where different search results pages could be evaluated against each 

other, both objectively and subjectively. Given the context of the search there will perhaps be a 

performance difference between the traditional and alternative layouts. This investigation may also 

help identify the biases users may form on these alternate layouts (like in the context of the web 

search application, it was seen that the grid layout had a left column bias in terms of fixation count and 

a right column bias in terms of the total fixation duration). 

 

 Emerging Interaction Model: Up until a few years ago, the only prevalent interaction model between a 

user and a SERP was with a mouse and a keyboard. This limited what users could easily and intuitively 

do on the screen to just clicking and vertical scrolling. With tablets and smartphones enabling rapid 

gain in momentum of mobile browsers, it has become relevant to design for the interaction model 

these platforms have to offer. With flicks, taps, drags and intuitive multi-touch gestures it is as easy to 

scroll horizontally as it is to scroll vertically, it is easy and intuitive to zoom in and out. Most SERPs are 

simply a rigid traditional list layout with a vertical hierarchy not designed to take advantage of these 

new interaction models. These SERPs do not follow any sort of responsive design and are oblivious to 

form factors and device orientations. This results in an unintelligent design that does not adapt to the 

effective real estate of the screen. Future research should investigate alternative (and responsive) 

layouts on tablets and smartphones where it may be optimal to have horizontal scrolling SERP or 
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perhaps SERPs with a grid or a tabular layout presented when the user flips to the landscape 

orientation. 

4.6         Limitations of the Apparatus 

Eye tracking technology has evolved vastly over the years and has made tracking both unobtrusive 

and accurate. A detailed history of eye tracking is presented in Appendix C. The Tobii X120 hardware and its 

third generation of Tobii Studio software used in this study presents as a robust solution for tracking eye 

movements on a flat web stimuli by collecting 120 binocular data points every second. It allows for a high 

tolerance for head movements, 44cm x 22cm x 30cm at 70cm (W x H x D), and with a 9-point calibration 

process, accuracy of the data points collected is ensured. However, there are limitations to the fidelity of 

this system, mainly its accuracy of 0.5 degrees. Considering the resolution of the screen used during the 

study was 1280 x 1024 pixels, Tobii X120 is designed to discern elements 3.55 pixels horizontally and 2.84 

vertically. While this accuracy is adequate to cleanly isolate data between different AOIs in the stimuli used 

in the study, it is possible this accuracy could be deteriorated due to calibration drift. Calibration drift 

happens with changing light conditions, dryness of the eye as well as fatigue. The result of this drift could 

have slightly displaced tracking beyond the 3.55 pixels horizontally and 2.84 pixels vertically. 

4.7         Limitations of the Study and Future Research 

The study was designed to investigate eye movements on the first level of the SERP only. In a 

normal web search scenario, users would typically also navigate to the secondary SERP pages as well as 

change the search string whenever they feel necessary; to find the information they are looking for. This 

study, however, limited the users to just the first level of the SERP. While this design provided controlled 

navigation needed to gather data on the first level of the SERP, it also consequently made the tasks easier 

to complete as the distribution of the target information was always within the 10 search hits on the SERP. 

This is evident by looking at the ceiling effect of task success regardless of the task type or the layout 

presented to the participants. 

This study establishes the pattern of eye movement while completing different tasks on the first 

level of SERP presented in different layouts. Future studies should investigate if this pattern changes when 

secondary SERP pages are introduced and if these patterns observed on the first level of SERP is replicated 

on the secondary levels as well. This would also allow for a more natural search behavior not constricted to 

a specific SERP page. Context and the method of interaction being used (e.g., mobile device vs. desktop 
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computer) may also play a big role in the performance, preference and satisfaction with the search 

interface. Future research should investigate the traditional and the alternative SERP layouts in different 

contexts (web search, ecommerce search, intranet search, and academic search) and on different devices 

(traditional desktop/laptop, a tablet interface and a mobile interface). Such a study would test the usability 

of the traditional and the alternative SERP layouts on those different devices with their own unique 

interaction models. 
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APPENDIX A 

THE WORLD WIDE WEB AND THE HISTORY OF SEARCH ENGINES 

 

The World Wide Web has grown exponentially, both in size and implementation, since its debut in 

the late 1960s (Kent, 2002). Originally known as ARPANET and designed, in part, as a reliable 

communication medium able to withstand catastrophes in likes of a nuclear invasion, has now evolved into 

an omnipresent and versatile medium called the Internet. With over 240 million websites, the numbers 

alone indicate the vastness of the present day Internet. This enormity is spread into multiple domains 

accessed by 1.9 billion users worldwide as of June 2010 (Internet world stats, 2011). 

While the entire World Wide Web can be considered as a huge network with hyperlinks connecting 

pages within and between different websites, as the Internet grew there was an increasing need to 

efficiently search the contents of the web. Hence the need for a search engine was realized. The evolution 

and expansion of search engines and the World Wide Web has seen periods of interesting developmental 

phases. Some of the initial webservers edited by Tim Berners-Lee were hosted on the CERN webserver, the 

European Organization for Nuclear Research, now noted as the birthplace for World Wide Web (Gillies and 

Cailliau, 2000; Schwartz, 1998).  The central list was poised with constant challenges as more webservers 

started going online. New servers were announced under the heading “What’s New” on the site of National 

Center for Supercomputing Applications (NCSA), an organization developed to deploy national-scale cyber 

infrastructure for the advancement of science and engineering (Gillies and Cailliau, 2000). 

In 1990, Alan Emtage, a computer science student at McGill University in Montreal, created the 

very first tool to search the Internet called “Archie”, derived from the word “archive” without the letter “v”. 

Although Archie could contact the archived File Transfer Protocol (FTP) sites and download the directory 

listings of files, creating a searchable database of file names, it did not catalog the contents of these since 

due to very limited data (Seymour et al., 2011; Schwartz, 1998). 

In 1991, Mark McCahill at the University of Minnesota introduced “Gopher” as an Internet 

communication protocol, which paved a simple way to navigate distributed information resources on the 

Internet (Seymour et al., 2011; Schwartz, 1998). Strongly oriented towards a menu-document design, 

Gopher was widely used for distributing, searching, and retrieving documents over the Internet. This in turn 

led to the creation of two new search programs: Veronica (Very Easy Rodent-Oriented Net-wide Index to 

Computer Archives) in 1992 developed by Steven Foster and Fred Barrie at the University of Nevada, Reno 
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and Jughead (Jonzy's Universal Gopher Hierarchy Excavation and Display) in 1993 developed by Rhett 

Jones at the University of Utah (Seymour et al., 2011). Similar to Archie, both Veronica and Jughead 

searched the file names and titles in Gopher index systems. The Veronica database provided a keyword 

search of the names of almost every menu item on thousands of Gopher servers while Jughead provided 

menu information from a specific Gopher server at a time. While the search engine “Archie” was not a 

reference to the Archie Comics and that both Veronica and Jughead were officially acronyms, they were 

originally chosen to match the FTP search service Archie, showing the connection of the characters in 

the Archie Comics (Seymour et al., 2011) 

Despite numerous specialized catalogues that were manually maintained no search engines yet 

existed for the web in the summer of 1993. The Perl Scripts, a general purpose dynamic programming 

language written by Oscar Nierstrasz at the University of Geneva Perl gave birth to the web’s first 

embryonic search engine W3Catalog on September 2, 1993 (Seymour et al., 2011). W3Catalog mirrored the 

series of Perl scripts pages, reformatted the contents into individual entries, and provided a front-end 

support for dynamic querying (Seymour et al., 2011).  

In June 1993, Matthew Gray, who currently works at Google, then at Massachusetts Institute of 

Technology (MIT) developed the first internet bots known as web robots that  performed automated tasks 

both simple and structurally repetitive over the Internet at a much higher rate than humans (Salient 

Marketing, 2011). The Perl based web crawler, referred to as the World Wide Web Wanderer was used to 

generate an index called wandex (Seymour et al., 2011).  Although it is assumed that the Wanderer, the 

first web robot with its index had the potential to be a general purpose search engine, it is claimed that the 

purpose of the Wanderer was essentially to measure the size of the World Wide Web. In essence, the 

Wanderer plotted the growth of the web until late 1995 (Seymour et al., 2011; Salient Marketing, 2011). 

November 1993 saw the appearance of “ALIWEB” (Archie Like Indexing for the WEB), the web’s 

second search engine (Kent, 2002). Developed by Martijn Koster, “Aliweb” was first announced in 

November 1993 and presented in May 1994 at the First international Conference on the World Wide Web 

at CERN in Geneva. Aliweb avoided using web robot and allowed users to submit locations of index files on 

their sites. This facilitated the search engine to include webpages and add user-written page descriptions 

and keywords which in turn allowed the web administrators to define the terms that would guide users to 

their pages. Aliweb however was not widely used due to insufficient sites (Seymour et al., 2011). 
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On December 21st 1993, another search engine called “JumpStation” was announced on the 

webpage of the web browser “Mosaic” (Kent, 2002). JumpStation was developed by Jonathon Fletcher, a 

student at the University of Stirling in Scotland. The search engine used a web robot to find web pages and 

build its index. It used document headings and titles to index the web pages found via a simple linear 

search without providing any ranking of the results and also used the web form as the interface to keyword 

queries entered by the user. It was therefore the first web resource discovery tool that combined crawling, 

indexing, and searching as the three essential features of search engine. Due to limited platform resources 

of Jump Station, the indexing and searching were also limited to the titles and headings in webpages 

encountered by the crawler (Kent, 2002). 

The year 1994 gave birth to the first full text crawler-based search engine “WebCrawler” (Salient 

Marketing, 2011). Created by Brian Pinkerton at the University of Washington, it allowed users to search 

for any word in any webpage creating the standard for all major subsequent search engines (Pinkerton, 

1994). WebCrawler was also one of the first search engines widely known by the public. More recently, 

WebCrawler has been transposed as a meta-search engine that blends search results from most of the 

popular search engines.  In the same year, Michael Loren Mauldin at Carnegie Mellon University 

established “Lycos” as a search engine and a web portal. In addition to a search engine, Lycos incorporated 

a network of email, webhosting, social networking, and entertainment websites. Lycos, which began as a 

research project soon became a major commercial endeavor. Lycos Inc. was formed with approximately US 

$2 million venture capital funding from ModusLink Global Solutions, formerly CMGI (Salient Marketing, 

2011). 

The subsequent years saw the dawn of many other search engines like Magellan, Excite, Infoseek, 

Inktomi, Northern Light, AltaVista, and Yahoo that contended for popularity (Kent, 2002; Seymour et al., 

2011). The search function of these search engines operated on “web directory”, listing web sites by 

category and subcategory. The categorization is based on the entire web site rather than one page or a key-

word based search (Kent, 2002). 

In 1996, Netscape, known widely for its web browser, considered the prospect of exclusively 

featuring a single search engine. Due to voluminous interests, the five major search engines Yahoo, 

Magellan, Lycos, Infoseek, and Excite negotiated a deal with Netscape whereby each search engine would 

be in a rotation on the Netscape search engine page for $5 million per year (Seymour et al., 2011). Search 

engines were prevalent in the late 1990s as some of the perkiest areas in the Internet for investing. While 

many companies entered the market dramatically with record gains during their initial public offerings, 
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some companies like Northern Light took down their public search engine and focused on promoting 

enterprise-only editions. And many other search engine companies were trapped in the “dot-com bubble”, 

which was essentially a speculation-driven prosperity and market confidence in favor of reliance in 

technological advancements that peaked in 1999 and concluded in 2001 (Seymour et al., 2011) 

The Google search engine dominated the years around 2000. The company rose to prominence 

because of innovative methods like the link analysis algorithm called PageRank (Seymour et al., 2011). The 

PageRank is a trademark of Google and the Page Rank process has been patented. The PageRank is an 

iterative algorithm that assigns a numerical weighting to each element of a hyperlinked set of documents 

and measure its relative importance within the set. While many others embedded a search engine in a web 

portal, Google maintained a simple interface to its search engine while expanding other features beyond 

word-search capability (Seymour et al., 2011). These special features include, but are not limited to 

synonyms, weather forecasts, time zones, stock quotes, maps, earthquake data, movie showtimes, 

airports, home listings, sports scores,  special features for numbers, prices, temperatures, money/unit 

conversions, calculations, package tracking, patents, area codes, language translations of displayed pages, 

etc. 

There has been a growing trend of mergers and acquisitions in the recent years. Yahoo provided 

search services via Inktomi in 2000. Yahoo acquired Inktomi in 2002 and Overture in 2003. Finally, in 2004, 

Yahoo transferred to Google’s search engine after launching its own search engine based on the 

amalgamated technologies of its acquisitions (Seymour et al., 2011). In the fall of 1998, Microsoft first 

launched MSN Search using the search results from Inktomi.  In early 1999, the site began to show listings 

from Looksmart combined with the results from Inktomi. For a short period of time, it also used the results 

from AltaVista. Finally in 2004, Microsoft began to use its own search technology, led by its own web 

crawler widely known as msnbot. Microsoft launched its rebranded search engine, “Bing” on June 1, 2009. 

Yahoo and Microsoft came to an agreement to run the yahoo search by using Microsoft Bing technology on 

July 29, 2009 (Seymour et al., 2011)  

A comparison of the popular search engines showed that Google’s worldwide reputation reached 

82.7% in December 2008. As of July 2009, Google (78.4%) lost its popularity to the Chinese search engine 

“Baidu” (8.87%), and Bing (3.17%). According to the Nielsen ratings, as of May 2009, Google seized 63.2% 

of the market share in the United States.  As of July 2009, Baidu seized 61.6% market share for web search 

in China. Data also show weakening market share for both Yahoo search (7.16%) and AOL (0.6%) (Seymour 

et al., 2011, p.56).  
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APPENDIX B 

FUNCTIONING OF SEARCH ENGINES 

 

The simple act of filling out the search field and clicking the search button undermines the complex 

process that goes on to execute that search query. The foundation of the search process is built by the 

automated fetching programs called the web-bots. These programs travel through the Internet making a 

duplicate of the entire web onto the search servers. These programs also scan for changes and updates 

every so often depending on the update frequency of different sites. This data is fed into the central search 

server where the metadata of the page is created. This metadata contains all the texts, image references 

and references to all the embedded files from the page. This metadata is organized into an index that is 

distributed across data centers around the world. So when the user executes a search query, the query is 

routed to the nearest data center where the query is run through the search index. The terms that match 

results in the list of websites that match those indices and the site title, snippet and the direct URL are 

listed in a linear chronological order based on the determinants used by the specific search engine. This 

process is better illustrated in the illustration below: 
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Functioning of a Search Engine  
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APPENDIX C 

HISTORY OF EYE TRACKING 

 

The study of eye movements heralds the extensive usage of computers by approximately 100 years 

(Jacob & Karn, 2003). The preliminary methods for tracking the location of eye fixations were pretty 

intrusive. These methods were not limited to simple visual observation, but involved direct mechanical 

contact with the cornea (Jacob & Karn, 2003). It was in the year 1901, Dodge and Cline devised the first 

non-intrusive and precise eye tracking apparatus that used corneal reflection to track eye movements. This 

apparatus, however, had it limitations – it was capable of recording horizontal eye movements only and 

required that the participants’ head be immobile. The falling photographic plate is what determined the 

horizontal eye position. The next evolution happened in 1905 when Judd, McAllister and Steel used 

videography instead – they inserted a tiny white material into the participants’ eyes and recorded the 

temporal aspects of eye movements in 2D thereby capturing the movement of that white material instead 

of the corneal reflection (Jacob & Karn, 2003). In the first half of the 20th century, videography and corneal 

reflection, together, was used in several ways as a technique to effectively capture eye movements 

(Mackworth & Mackworth, 1958) – Tinker et.al. (1930) studied reading speed of different typefaces, font 

size and layout (Jacob & Karn, 2003); Fitts Jones and Milton (1950) studied eye movements of pilots looking 

at cockpit instruments and controls as they landed airplanes. In 1984, Hartridge and Thompson started the 

era of head-mounted eye tracker. The innovation towards an unobtrusive and robust eye tracking system 

that allowed free natural head movements was possible with the contributions by Shackel (1960) and 

Mackworth and Thomas (1962). Another important feat was accomplished by Mackworth and Mackworth 

(1958) by developing the technique to place the overlay of the video of the eye movements over the actual 

changing stimuli. The free head movement in the eye trackers as available today was possible because of 

the discovery of multiple reflection from the eye. This allowed the distinction of eye movement from head 

movement (Cornsweet & Crane, 1973). With this finding the US Air force/Honeywell Corporation and US 

Army/EG&G Corporation collaborated on the development of an unobtrusive remote eye tracking system 

as well as made progress on making the data analysis easier and less time consuming, unlike in the past 

(Lambert, Monty & Hall, 1974; Monty, 1975; Merchant et al., 1974). The eye tracking devices we use today 

would not have been possible without the work and the advancements made in the 1960s and 1970s 

(Jacob & Karn, 2003).  
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APPENDIX D 

EYE MOVEMENT METRICS AND TERMINOLOGY 

 

From the physiological knowledgebase we know that the central two degrees of the retina, known 

as the foveal region, has the highest visual acuity. This visual acuity degrades rapidly as we go outside of 

the foveal region. Orienting movements known as saccades position the eye so that the object we want to 

fixate on falls on the foveal region of the eye. Saccades are high speed ballistic targeting movements that 

allow the fovea to reposition itself to the desired point in the visual field that lasts between 100 and 200 

milliseconds (Rayner et al., 1989). During a saccade addition visual information is not acquired. A static gaze 

that occurs before and after a saccade is called a fixation. During a fixation the eyes are relatively still and it 

lasts for 200 to 300 milliseconds. It allows for scanning and extraction of desired information from the 

visual field. The new generation of eye trackers makes capturing saccades and fixations very easy. They use 

contrast to locate the center of the pupil and use near-infrared beams to create a corneal reflection. The 

triangulation of these help determine the fixation point. The eye trackers also have a high sampling rate 

enabling them to accurately capture saccades. This technology helps quantify eye movements on just about 

any stimuli. 

There are numerous fixation related measures that can be found in the literature. Researchers use 

fixation count and fixation duration data to quantify the distribution count and duration of fixation on 

stimuli. Being able to capture fixation data allows the researchers to compute the number of fixations a 

user makes before fixating on the target or compute the amount of time elapsed before a target is fixated 

upon or clicked. This data can also be visually mapped to show the concentration of fixation on the stimuli, 

also known as the spatial density. This visualization is typically called a heatmap and it gives an aggregate 

view (data from all the participants) of the fixation count or duration on the stimuli. Heatmaps can be 

generated separately for the different experimental groups and compared for a high level interpretation. 

There is another visualization of the data that plots fixations and saccades including the sequence and 

duration of fixations for individual participants. It is called the gaze plot. Gaze plot can depict, among other 

things, the order of fixations on the visual elements present in the environment and the duration those 

elements were fixated for. It also visually shows the scan direction and change of scan path and researchers 

have employed methods to quantify and compare that data between groups (Lorigo et al., 2007, Dumais et 

al., 2010). 
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Most times researchers are interested in the eye tracking data on specific elements of the stimuli. 

The same data can be quantified for the specific user-defined regions of the stimuli. The regions called the 

Areas of Interest can be defined by the researcher prior to collecting the eye tracking data or post data 

collection. Most eye tracking data analysis software (like Tobii Studio) allows extraction of different 

measures specific to the AOIs defined by the researcher. It allows for the endless possibilities of exploring 

differences not only between experimental groups but also between different layouts or designs. Buscher 

et al., introduced a new measure to accurately assign fixation duration to the respective AOIs and called it 

Fixation Impact. The fixation duration measure traditionally assigns the entire duration to the AOI that 

contains the center point of fixation. Using a Gaussian distribution, fixation impact measure prorates 

fixation duration to all the AOIs projected in the foveal region of the eye (fixation center). This measure can 

provide a more accurate determination of the amount of time spent on each of the AOIs of the stimuli. 
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APPENDIX E 

GOOGLE SEARCH ENGINE RESULTS PAGE (SERP) 

 

Google search engine was started as a research project by two doctoral students at Stanford 

University, Larry Page and Sergey Brin, and was formally incorporated as a company in September 1998. 

Today, Google stands as a search giant with over 65% of the market share in the United States (May 2010). 

Also, Google’s third quarter revenue of 2009 topped almost $6 billion. Source: Nielsen MegaView Search. 

Due to Google’s domination in the market share of search engines, the search engine and the search 

engine results page used/mentioned in this study and in numerous other studies, while de-branded, is the 

one generated by the Google search engine. 

Most of the evolution of Google search engines has typically occurred under the hood. The front 

end interface, called the search engine results page (SERP), has stayed very close to consistent in its layout 

and structure (Figure 121): 

1. The top section gives users different search categories – web, images, videos, maps, news, 

shopping, etc. 

2. The left section gives users different innovative search tools that Google has come up with. The 

right section presents the sponsored links (ad words). 

3. The mid-section represents the results for the search query called the search hits. The chronology 

is said to be determined by a Google’s secret recipe based on over 200 measurements. 

Each search result (hit) typically consists of a hyperlinked title, followed by an excerpt and the URL 

of the hyperlink. The sponsored links on the right column of the SERP mimics the same structure of the 

search hit, albeit the width of the advertisements is narrower. From previous studies in the domain of web 

pages, we know that the best way to gather information is to track the distribution of user attention on the 

page. Researchers over the years have tried to understand this distribution of user attention on web pages 

and on SERPs, as they happen to be a specialized type of web page, by the aid of eye tracking. 
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An example of a typical Google SERP. 
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APPENDIX F 

EXPERIMENTAL TASKS 

 

Informational Tasks 

1. You want to buy a new tablet but you are not sure which one to get. You have explored some Samsung 

tablets and now you want to find out the resolution on an iPad 2. What is the screen resolution of an 

iPad 2? 

2. You have a bet with a friend about how tall the tallest tree of the world is. Find out what kind of a tree 

it is and how tall is it (in feet). 

3. You use Facebook a lot. You have wondered about its history. You had heard that Facebook was once 

sued by twin brothers. What are their names? 

4. You have taken an introductory design course and your instructor has asked students to each come up 

with a few design principles that they think are important. You did a search for it. What did you find? 

5. You invited a friend from South Africa over for dinner. You want to make an Apple Pie for dessert. You 

want to find out what are the two key elements to make an apple pie. What are those two elements? 

6. You have heard people say that green tea is good for the heart. You wanted to find out why it is good 

for the heart. What did you find out? 

Navigational Tasks 

1. You have read the books and you have watched all the Twilight movies and you are eagerly anticipating 

the release of The Twilight Saga: Breaking Dawn - Part 2. IMDB is the site you trust. Find out when is 

the release date of that movie according to the IMDB website.  

2. You are in the market for a new car and you are thinking about buying a Toyota Camry Hybrid. One of 

your friends told you that ranking provided by US News is quite reliable. What is the overall score given 

by US News Website for the Toyota Camry Hybrid? 

3. Many people have suggested that you should try the Skinny Caramel Macchiato at Starbucks because 

they love it. Why should you love the Skinny Caramel Macchiato according to the Starbucks website? 

4. You have heard of Coca-Cola Scholars Foundation and you are very interested in suggesting your cousin 

to apply for that scholarship program. Find the official Coca-Cola scholarship homepage and find out if 

the application is still open for high school seniors. 
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5. You are really thinking about getting into photography and you have heard that the NEX series of 

cameras by Sony are really good. Find out the official price of Sony NEX-7 on the Sony store. 

6. You were watching Dr. Phil on the television and you wondered how much he makes annually. Find out 

how much is Dr. Phil’s pay (annually) according to the Forbes magazine website. 

Extra task with Sponsored Links 

1. You are writing a paper on Coronary Artery Heart Disease for one of your classes. You want to write 

about what the symptoms, treatment and prevention of Coronary Artery Heart Disease is. Find that 

information.  
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APPENDIX G 

BACKGROUND QUESTIONNAIRE 

 

1. Sex:   ____ Male   ____ Female 
 

2. Age:   ___ 18–29   ___ 30–39   ___ 40–49  ___ 50–59  ___ 60 or greater  
 

3. Occupation: ____________________________________ 
 

4. How frequently do you use a computer? 
 ___Daily 

 ___A few times per week 

 ___A few times per month 

 ___Less than once per month 

 ___Never  

 

5. How frequently do you visit web sites (on the Internet or Web)? 
 ___Daily 

 ___A few times per week 

 ___A few times per month 

 ___Less than once per month 

 ___Never  

6. How frequently do you use a search engine? 
 ___Daily 

 ___A few times per week 

 ___A few times per month 

 ___Less than once per month 

 ___Never   

 

7. What is your primary purpose for using the Web? 
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(Check all those that apply) 

___ Education 

___ Shopping 

___ Gathering product information (i.e., on potential shopping items) 

___ Entertainment  

___ Work/Business 

___ Communication with others (not including e-mail) 

___ Gathering information for personal needs 

___ Browsing or “surfing the Web” (i.e., playing around) 

___ Other (please specify)__________________________________________ 

 

8. What do you find to be the biggest problems in using the Web in general? 
(Check all those that apply) 
___ Not being able to find the information I am looking for 

___ Not being able to return to a page I once visited 

___ Not being able to determine where I am in the site (i.e., lost in hyperspace) 

___ It takes too long to view/download pages 

___ It costs too much 

___ Encountering links that do not work  

___ Other (please specify) ___________________________________________ 

 

9. What is your favorite search engine? 
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APPENDIX H 

TASK DIFFICULTY AND SATISFACTION 

 

Difficulty 

1 2 3 4 5 

Very 

Easy 

   Very 

Difficult 

 

 

Satisfaction 

1 2 3 4 5 

Very 

Satisfied 

   Very 

Dissatisfied 
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APPENDIX I 

SUBJECTIVE MENTAL EFFORT QUESTIONNAIRE (SMEQ) 

 

This graphic displays the amount of effort it took you to execute the task you have been working on. Please 

score the amount of effort by marking one of the anchors on the vertical line here below. 
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APPENDIX J 

USER PREFERENCE AND POST EXPERIMENT QUESTIONNAIRE 

 

Layout Preference 

Rank the three different layouts according to your preference: 

 Traditional 

 Grid and 

 Tabular 

Post Experiment Questionnaire 

1. What do you like the best about your favorite search engine? 

2. What do you like the least about your search engine? 

3. Rank the different attributes of a search engine: 

1. How fast it shows the results 

2. How accurate are the results it shows 

3. Presence/Absence of ads on the page 

4. Advanced search functions 

4. Did you see any ads on the search engine results pages that you looked at today? 

5. When the search engine results page loads, what do you look at first? 

6. Do you usually look at all the results shown on the page before moving on to the next page? 

7. How many pages do you usually view before making another search? 

8. How many pages do you think a search engine results page should show on the first page? 

9. How many results do you think are currently shown on the main results page of your favorite 

search engine? 
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APPENDIX K 

USER COMMENTS ON THE TRADITIONAL, GRID AND TABULAR LAYOUTS 

 

Comments on Traditional Layout 

Has too much space to the right side of the page that could be used more wisely. 

This provided all of the information, but I had to scroll 

it is easy to read and look at but having to scroll to look at your different options isn't helpful 

Is what I am use to but have to scroll to find information. 

Not bad, a lot of scrolling 

Layout I'm most used to and most comfortable using 

Too many links 

I liked this one because I was familiar with it, and it was easy to discern the needed information. 

I like this one because it's common 

I like the layout, but I would rather not have to scroll 

more scrolling 

Content can appear jumbled or condensed. Sometimes it is difficult to get all the information when put so 

close together. Do not like having to scroll since you could be trying to compare a couple links on the first 

search page and having to scroll you can forget some information. 

Everything is organized neatly and easy for me to read, Scrolling makes me feel like I'm not just sitting on 

my butt being lazy 

Scrolling takes longer to view all the hits. 

Cleaner--used to 

I prefer because everything is right there on one side of the page and it's what I'm used to. 
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Most popular layout 

I liked that this is something i am used to. It is easy for me to navigate the page because i use it all the time 

and i know where to find everything. 

I liked this one the best because this is the layout that I am used to and most comfortable using. 

Feels easiest to read, follows normal reading rhythm 

Most used to it, very easy to navigate 

It's what I am used to using all the time, so therefore I'm more lenient to it. It isn't as accessible if someone 

is in a hurry because they can't just look for something if it isn't at the top. 

Did not like the scrolling down to see all of the searches. 

too cluttered 

it was more difficult to scroll down and scroll back up to view top links 

must scroll through a lot 

Best layout for search use in my opinion. 

Very familiar with this, I am used to scrolling and reading things straight down so that layout works really 

well for me. 

easy to use. and easy on eyes 

The information for one site was all together and easy to read. I didn't like having to scroll down to see all 

of the sites. 

It is something I have always used. 

I am used to it. 

Was not bad but could be improved as far as organization and scrolling. 

I like this the most cause im used to it 

i like it because I'm familiar with it 
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It was easy to use and familiar 

I like this one the best because it was the easiest to use. 

I felt more comfortable with this layout because I was more used to it. 

probably the easiest one to get info from 

This is my preferred layout 

You could not see all the pages quickly. 

it was easy to follow 

It is organized, but seems to lack information. 

Comments on Grid Layout 

More content is shown in a smaller amount of space so no scrolling is needed. 

This was easy to see all of the information without scrolling. 

This was the most helpful layout because you didn't have to scroll and could look at everything at once 

Easy to read and find information. 

Liked this the best because all of the results were shown on one page. This makes it easy to keep track of 

what you have already looked at. 

I like not having to scroll but I don't know which results are the most popular. 

easy for my eyes to find what I wanted. Short takes less time to search for what you needs. 

I liked this one fine too, I think that people who like to scroll would like it least. 

I like this because you don't have to scroll up/down 

I really like this layout because you do not have to scroll 

confusing, do not know where to focus my eyes 

Liked being able to read results from left to right with no scrolling. Information seemed spaced better. 
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No scroll. Felt like it was crammed together to fit on one page. Which made font size decrease which can 

strain the eyes more. 

All the hits are right there and you don't have to scroll. It saves time. 

Awkward scanning back and forth 

I don't like it makes it hard to distinguish, it feels like everything is bunched together. 

Keeps all info on a single page (no scroll) 

This is alright. Because it has so much information on the screen at once i feel like it is cluttered and that 

there is a lot to read. 

I liked this one better than the Tabular layout, just because it is more similar to the Single Column. 

reads fine, but gave the appearance of more to look at in single space 

Not used to it so it was just a little different 

It was nice for my eyes to bounce back and forth making it easier to find things quickly. 

It was a really neat layout. It was very easy to find the information. 

easier to look at 

easy use because dont need to scroll to look back at other links 

easy to skim all option 

Worst layout in my opinion. Seems everything is clustered together. 

This was a little frustrating as I tend to read down the first column and jump up to the second column. Just 

didn't seem as smooth to me 

too cluttered it seemed. a bit more confusing at first glance. 

Easy to jump from one site to the next quickly. Also easy to read all of the information about one website. 

It is easy to navigate as you do not have to scroll. 

seems compact 
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Very convenient compared to the traditional single column layout. Easier to see results. 

I like it cause you do not have to scroll to see all results 

i don't like it because it just doesn't flow with me 

It was okay to use 

Confused me a bit and I tended to look at the right side of the page first. Wasn't too sure which link was 

intended to be the second in the list. 

I could not tell if the most relevant was in order from top to bottom or left to right. 

it made my eyes want to travel back and forth between the 2 columns 

This is my second favorite layout, I prefer this to the tabular layout as it is more like reading a newspaper 

This is the best format. You can see all the searches without scrolling down. 

it was all on one page 

Its over whelming to the sight. yet if i was in a hurry i could see more site options with out scrolling. 

 

Comments on Tabular Layout 

It is handy for finding the website that is needed to be found, but it is a long page for scrolling. However, it 

is broken up with the columns. 

It was easier to identify the correct information when you were looking for a specific website. 

This layout is not helpful because the information is too far spread out 

Layout of page is difficult to read what information you want quickly due to so many options to read and 

bunched together. 

seemed overwhelming, like there was too much going on. Even though the same kind of information was 

displayed, it was more spread out. I think that is unnecessary. 

Confusing, always having to shift back and forth between colums. 
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way too much information on the pages, which distracted me from what I wanted to find. 

this one seemed strange to me but was really easy to use and seemed like it might be best for academic 

uses because it seperates the URL from everything else nicely so you don't get the wrong information when 

citing the website. 

this one was just ok, I prefer the the other 2 

I do not like this layout because you have to scroll and the title, URL, and description are all separated from 

eachother 

most user friendly; don't have to scroll as much 

Would make looking for credible websites easier. Seeing the web url in the middle made it easier to identify 

the site itself. 

Each hit separates the information out across the page instead of having them all together 

I found it a little confusing because it is not the layout I am used to. 

Clean line across, however not used to 

I can benefit if I'm looking for a specific title or website or I want to read the description quickly but it 

makes it hard to keep lines straight, a little. 

Very easy to find a specific website Well organized 

I do not like the layout because the description and the title are not next to each other. When i read the 

description i would like to know the title first without having to look all the way across the screen to see it. 

This was my least favorite just because it is different from what I'm used to using. 

information appeared broken up, harder to follow due to spacing/ distance 

Since everything was separated it was odd since I'm not used to looking at the results like that. 

I didn't like it. It was too spread out and I couldn't find things as quickly. 

The page seemed too busy. The information was to spread out. 

very fast and easy to read 
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also easy to use because the three main elements of each link was split up by title, hyperlink, and summary 

hard to find what you want 

Decent layout. Still contains a single column which is easy to use. 

Was great when I was looking for a specific website, since they were listed out, but would be frustrating on 

a general information search having all the text running together on the side and not being immediately 

sure where the information was coming from. 

very organized. but have to move eyes a lot 

The information was too spread out so it took longer to read about the information for a specific site. 

I am not used to this and I do not like the title URL and description being segregated because I do not see 

the value of the URL by itself. 

looks pleasing 

Was better than the original layout with organization but still had to scroll to see all the results. 

i dont like it cause more confusing with website in middle of information 

Very different for me but resembles a list 

It was the easiest to use because it was spaced out 

Weird. I didn't like it at all because it was dissected. 

It was easier than the double column but harder to read all the information about a link at one time 

websites were easier to locate 

I did not like this layout as it was more difficult to locate the information I was seeking 

I like it also but it is can get too crowded. 

I didnt like that each result was spread out 

It is easiest to read, like a book. Yet it could provide more information. 
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APPENDIX L 

LAYOUT DIFFERENCES BY TASK TYPE (TRADITIONAL VS. GRID VS. TABULAR LAYOUTS) 

 

Traditional vs. Grid vs. Tabular Layouts – Informational Tasks – 10 AOIs: 

In terms of fixation count data, for informational task there was a main effect of AOI F (9, 2538) = 129.49, p 

< .01, partial η2 = 0.315 and an interaction between AOI and layout F (9, 2538) = 6.33, p < .01, partial η2 = 

0.043 but no main effect of layout. There was no significant difference in the fixation count on the 10 AOIs 

by layout for the information task condition. However, it was interesting to see a drop in the fixation count 

on the second search hit on the grid layout since it was placed on the top row of the right column. For the 

total fixation duration data, there was a main effect of AOI F (9, 2547) = 124.53, p < .01, partial η2 = 0.306 

and an interaction between AOI and layout F (9, 2547) = 6.25, p < .01, partial η2 = 0.042 but again no main 

effect of layout. 

 

Distribution of fixation count (left) and total fixation duration (right) shown on the 10 AOIs the three 

different layouts of the SERP (informational tasks). 

Traditional vs. Grid vs. Tabular Layouts – Navigational Tasks – 10 AOIs: 

In terms of fixation count data, for the navigational task there was a main effect of AOI F (9, 2565) = 56.17, 

p < .01, partial η2 = 0.165 but no main effect of layout and no interaction between AOI and layout. For the 

total fixation duration data, there was a main effect of AOI F (9, 2565) = 54.22, p < .01, partial η2 = 0.160 

but no main effect of layout and no interaction between AOI and layout. 
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Distribution of fixation count (left) and total fixation duration (right) shown on the 10 AOIs the three 

different layouts of the SERP (navigational tasks). 

The results show that there is no main effect of layout on the total fixation duration. Similar to the fixation 

count, it is to be noted that the second link on the grid layout resulted in a sharp drop in the total fixation 

duration indicating the first search hit on the right column is fixated for the equal duration to the 5th search 

hit on a traditional layout in the informational task condition. 
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APPENDIX M 

TASK DIFFERENCES BY LAYOUT TYPE 

 

Informational Task vs. Navigational Tasks – Traditional Layout – 10 AOIs: 

For the traditional layout, in terms of the fixation count data, there was a main effect of AOI F (9, 1692) = 

65.92, p < .01, partial η2 = 0.26; a main effect of task type F (1, 188) = 8.08, p < .01, partial η2 = 0.041 as 

well as interaction between AOI and task type F (9, 1692) = 7.447, p < .01, partial η2 = 0.038. Analyzing the 

total fixation duration data showed a main effect of AOI F (9, 1692) = 67.12, p < .01, partial η2 = 0.263 and a 

main effect of task type F (1, 188) = 5.27, p < .05, partial η2 = 0.027 as well as an interaction between AOI 

and task type F (9, 1692) = 6.66, p < .01, partial η2 = 0.034. 

 

Distribution of fixation count (left) and total fixation duration (right) shown on the 10 AOIs for 

informational and navigational tasks (traditional layout). 

Informational Task vs. Navigation Tasks – Grid Layout – 10 AOIs: 

For the grid layout, in terms of the fixation count data, there was a main effect of AOI F (9, 1728) = 59.54, p 

< .01, partial η2 = 0.237 and a main effect of task type F (1, 192) = 9.36, p < .01, partial η2 = 0.047 as well as 

an interaction between AOI and task type F (9, 1728) = 7.21, p < .01, partial η2 = 0.036. Investigating total 

fixation duration data showed a main effect of task type F (1, 192) = 6.63, p < .05, partial η2 = 0.033 as well 

as an interaction between AOI and task type F (9, 1728) = 7.25, p < .01, partial η2 = 0.036. 
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Distribution of fixation count (left) and total fixation duration (right) shown on the 10 AOIs for 

informational and navigational tasks (grid layout). 

Informational Task vs. Navigation Tasks – Tabular Layout – 10 AOIs: 

For the tabular layout, analyzing the fixation count data showed a main effect of AOI F (9, 1683) = 66.66, p 

< .01, partial η2 = 0.263 and a main effect of task type F (1, 187) = 7.51, p < .01, partial η2 = 0.039 as well as 

an interaction between AOI and task type F (9, 1683) = 11.14, p < .01, partial η2 = 0.056. Post hoc analysis 

shows that AOIs at the beginning of the SERP received the highest number of fixations compared to the 

AOIs towards the end of the SERP. This was true for all three layouts. The main effect of task type indicates 

that the fixation count on the AOIs were significantly different for the informational and the navigational 

tasks. Informational tasks have a higher incidence of fixation count on the AOIs as compared to the 

navigational tasks. Analyzing the total fixation duration data also showed a main effect of AOI F (9, 1692) = 

59.72, p < .01, partial η2 = 0.241 and a main effect of task type F (1, 188) = 5.57, p < .05, partial η2 = 0.029 

as well as the interaction between AOI and task type F (9, 1692) = 10.45, p < .01, partial η2 = 0.053. The 

plotted data for total fixation duration looks very similar to the fixation count data, main effect of AOI 

shows total fixation duration to be high for the higher AOIs and lower for lower AOIs. Main effect for task 

type shows that regardless of the layout condition the total duration of fixation on the different AOIs were 

dependent on the task condition. 
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Distribution of fixation count (left) and total fixation duration (right) shown on the 10 AOIs for 

informational and navigational tasks (tabular layout). 
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APPENDIX N 

QUALITATIVE DATA ANALYSIS 

 

Qualitative data from the participants included comments on traditional layout, grid layout, and 

tabular layout respectively. The participants were asked to comment on their experience (positive and 

negative) with the three layouts of the study. QSR NVIVO, qualitative research support software, was 

utilized to code and organize the qualitative data from survey monkey (QSR NVIVO v 9.3.25, 2012). 

The coding and organization of data involved 2 stages of the coding process: open coding and axial 

coding respectively (Strauss & Corbin, 1990). Direct coding of response content was completed through the 

open coding stage of qualitative data coding process. Open coding is the first step in the qualitative data 

analysis process, which involves taking the data and segmenting them into categories of information 

(Strauss & Corbin, 1990). Line by line coding strategy was used to code each response from participants to 

further develop categories of information. Once these categories were developed from open coding, the 

coded data were reviewed following identification of thematic content.  

The process of axial coding was then used to reference and relate categories into overarching 

themes. Axial coding in the coding process follows open coding where the categories from the open coding 

process are related to the central phenomenon category (Strauss & Corbin, 1990). Constant comparison, 

one of the popular methods of data analysis in qualitative research was used to look for patterns, topics 

and initial categories or ideas. This method was built in the coding process where new data were 

continually matched with the previously found data. Creswell (2007) views constant comparison as the 

continual process of taking information from the collected data and comparing it to emerging categories 

(Creswell, 2007). The listing of specific quotes from all the participants can be found in Appendix K. The 

node clustered by word similarity for the traditional, grid and the tabular layouts is represented in figures 

below. 
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NVivio software used to code the qualitative data. 

 

Nodes clustered by word similarity for the traditional layout. 
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Nodes clustered by word similarity for the grid layout. 

 

25Nodes clustered by word similarity for the tabular layout. 
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APPENDIX O 

SPONSORED LINKS 

 

The 36 stimuli in the study did not have sponsored links on to the right column of the SERP. It was 

intentionally taken out as it was not the primary purpose of the study. Slightly less than half of the 

participants (20 participants) said that it was important to them if the SERP contained advertisements or 

not and yet more than half of the participants reported that they do not remember if they saw ads on the 

SERP or not as shown in figure below. A subset of the participants was given an extra informational task in 

either the traditional or the grid layout. Heatmaps indicate barely any fixations and no mouse clicks on the 

sponsored link area as shown in the figures below. 

 

Participants’ response on whether or not they saw ads on the SERP. 

8.3%

37.5%54.2%

Yes

No

I do not remember
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Heatmap showing barely any fixations on the sponsored links on the search engine results page in 

traditional layout. 

 

Heatmap showing barely any fixations on the sponsored links on the search engine results page in grid 

layout. 
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APPENDIX P 

VISUALIZATIONS 

 

Heatmaps 

Heatmaps are the visual representation of the fixation count data overlaid on the specific stimuli 

the fixations belong to. It shows a visual aggregate of data across all participants who were presented with 

the specific stimuli. Incidence of the concentration of fixations is depicted by overlaying red, yellow and 

green colors (red indicating highest number of fixations and green indicating the lowest). The areas not 

overlaid by color are areas that received no fixations. 

Informational tasks show more fixations on the SERP irrespective of the layout and the distribution 

of fixation seems higher. Navigational tasks on the other hand show lower fixations. This is confirmed by 

the fixation count and total fixation duration data described in the section above. This is similar to the 

results found when comparing the visualizations of the browse and search task in the series of studies by 

Shrestha et al., (2007, 2008, 2009). In the tabular layout, it is more evident that fixations from the 

informational tasks are mostly concentrated on the left and the right columns representing the title and the 

text snippet; however, fixations from the navigational tasks seem to be concentrated on mostly the URL 

and some on the title but not much on the text snippet. This depicts the strategies participants are using to 

complete the specific types of task based solely on the task description. It is sound to assume that similar 

strategy is used while completing the tasks on the traditional and the grid layout of the SERP, however this 

visual distinction is only apparent on the tabular layout as the title, URL and the text snippet are separated 

out so the distinct fixations on each of those areas of interests are visually noticeable. This is also confirmed 

by the analysis of the fixation count data. 

Both the traditional and the grid layouts show a distinct F-shaped pattern of fixation regardless of 

the task condition. The pattern is more consistently depicted for the informational tasks than for the 

navigational tasks. In the traditional condition, the fixations for the informational tasks seem to be heavy 

on the top half of the page and for the navigational tasks, as expected, fixations seem to be heavy towards 

the location of the target location. In the grid condition, both the left and the right column of results show 

the F-shaped pattern of fixation. Upon visual comparison, the F-shaped pattern of fixation on the right 

columns of the grid layout of the SERP seem more prominent than the F-shaped pattern of fixation on right 
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column of the text heavy article used by Shrestha et al., (2008) generated from participants completing a 

browse task. 

 

Snapshot of the heatmap on all 36 tasks (12 tasks in 3 different layouts). The labels A, B or C refer to the 

layout type (traditional, grid and tabular respectively); the labels I or N refer to the task type (informational 

task and navigational task respectively); the numbers 1 through 6 represent the task numbers. 

Gazeplots 

Gazeplots are also visual representation of the fixation count data overlaid on the specific stimuli 

the fixations belong to. It shows the fixation data depicted by the circles representing fixations, the size of 

the circle representing fixation duration, the sequence of numbers inside the circle indicating the path of 
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fixation and the lines connecting the circles representing saccades. Each of the visualizations represents 

data from a single participant so gazeplots are not useful to gather a general visual summary of the data. 

Rather, it can show similarities and differences in individual strategies employed by participants to 

complete specific types of tasks on specific layouts. 

 

Snapshot of the gazeplots on selected tasks for selected participants across different layouts. The labels A, 

B or C refer to the layout type (traditional, grid and tabular respectively); the labels I or N refer to the task 

type (informational task and navigational task respectively); the numbers 1 through 6 represent the task 

numbers. 

 Eyeballing the gazeplots showed some interesting strategies employed by the participants. The 

gazeplots on the selected traditional layouts were in consistent with what the heatmap showed – for the 

information tasks participants mostly fixated on the top half of the page and for the navigational tasks, 

fixations trailed down and got concentrated on the target area. The gazeplots on the grid layout were a 

little more interesting – regardless of the task type some participants alternated fixations between the left 

and the right column whereas other participants went down the left column from the top to the bottom 
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first then scanned the right column from bottom towards the top. This was interesting because the even 

numbered search hits (second, fourth, sixth, eighth and tenth) were on the right column of the grid layout. 

The gazeplots were consistent with the heatmap for the tabular layout – participants fixated on the title 

and the text snippet to complete the informational tasks and fixated mostly on the URL and the title for the 

navigational tasks. 
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APPENDIX Q 

CONSTITUENT ELEMENTS OF A SEARCH ENGINE RESULTS PAGE 

 

Document Title: Each hit on a SERP begins with the document title. It is usually in a comparatively bigger 

font size and is hyperlinked to the site. The text of the document title is retrieved from the “title” data of 

the destination page. 

Document Snippet: Each document title is followed by a couple of lines of descriptive text generated by 

the search engine based on the information on the destination page. 

Destination URL: The document title is hyperlinked and the users may hover over it to see the destination 

URL on the status bar of the browser. This URL is also listed just below the document snippet. 

Sponsored Links: Sponsored links are paid advertisements. They are positioned on the right column of the 

SERP, and they too constitute a title, snippet and the URL just as the search hits. 

Search Tools: Search tools that allow users to filter the search hits are positioned on the left column of the 

SERP. These tools may allow the users to narrow their hits to find the information or site that they are 

looking for. 
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APPENDIX R 

WEB SEARCH TASKS 

 

Informational Task: Users are trying to search for specific information, regardless of its location. Hence 

different users may complete this task by using different navigation paths. An example of informational 

task would be to find the recipe for “chocolate chip cookies”. Users may go to any of the several different 

websites to locate this recipe. 

Navigational Task: Users are trying to locate a specific site and regardless of the different navigational 

paths users may employ, there is always a single destination page users need to get to in order to 

successfully complete the task. An example of a navigation task would be to, let’s say, locate a page that 

shows the men’s sale items on Express Men clothing. 
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APPENDIX S 

LAYOUTS 

 

Traditional Layout 
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Grid Layout 
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Tabular Layout 
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APPENDIX T 

TOBII HARDWARE 

 

Tobii X120 was used to collect data for this study and Tobii Studio version 3.02 was used to 

generate the visualizations and eye tracking metrics. Tobii X120 is a Plug-and-Play eye tracking hardware. It 

locates the eyes, calibrates itself and calculates the gaze position automatically. It was used with a monitor 

running at a resolution of 1280 by 1024 pixels and 25ms response time and 60Hz frequency making this 

ideal for capturing eye movements on static web pages and software applications. The Tobii hardware uses 

near Infra-Red (NIR) diodes to generate even subject-lighting and utilizes optical filters to block unwanted 

light. It offers binocular tracking without the need of any restrictive head gear and is very robust with low 

drift effects and allows for excellent head motion compensation. While the calibration is enduring, the 

software makes it really easy to recalibrate a participant at any point of the study. The effective tolerance 

to head motion is 44 x 22 x 30cm at 70cm (W x H x D). The gaze angle is tolerant up to +/- 35 degrees 

maximum. For accurate data collection, Tobii™ X120 eye tracker machine was calibrated for each 

participant using the 9-point calibration method. The stimuli were shown at a resolution of 1280 by 1024 

pixels with eye movement data being captured at 60Hz. 
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