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ABSTRACT 

This study investigated the effect of task description and item density on visual 
search performance and strategy. Thirteen regular computer users took part in a 
visual search experiment. Trials involved locating a target word from a list of 
distracter items. To investigate the effect of task description, participants were told 
to search for either a specific word (e.g. apple), or type of word (e.g. type of fruit). 
To investigate the effect of density, the spacing between words was varied. 
Additional trials allowed participants to choose the spacing they preferred. Data on 
search times, effort levels and eye-movements was recorded and analyzed to 
determine the strategies used and levels of performance. It was found that searching 
for a specific word was approximately twice as fast, easier and more accurate. Eye-
movement data suggested that participants could rule items in or out within a larger 
visual radius of each fixation than when searching for a type of word. In contrast 
with previous research, density did not have an effect on search time. Dense and 
medium spacing was equally preferred over sparse, suggesting there could be an 
absolute point of spacing above which participants prefer not to search. This 
preference may be explained by rational adaptive search theory, as fewer errors 
were made with denser spacing. These findings can inform design and usability for a 
wide range of visual search interfaces. They contribute to a growing body of 
empirical visual search knowledge and point to further potentially fruitful areas of 
research. 
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CHAPTER 1. INTRODUCTION 

Many interactive computer systems involve visual search as a fundamental 

aspect of their use (Keiras, 2009). The efficiency and effectiveness with which 

people search computer displays is commonly accepted to be impacted by visual 

search processes (Brumby & Howes, 2008; Halverson & Hornof, 2004), and paying 

attention to and understanding them can aid in the effective design of such systems. 

This study aims to further understanding of two core aspects of design that have 

been found to influence visual search strategies and performance.  

The first of these design aspects is the semantic cohesion of items (Brumby & 

Howes, 2008; Halverson & Hornof, 2008; Brumby & Howes, 2004). Halverson & 

Hornof (2008) showed that people use semantic structure to rapidly focus their 

attention on the most relevant region of a display. Many studies of visual search 

performance and strategies have given participants a specified target item to search 

for (Halverson & Hornof, 2004; Bertera & Rayner, 2000; Ojanpää, Näsänen & 

Kojo, 2002; Halverson & Hornof, 2008; Brumby & Howes, 2004; Hornof, 2001). 

Others have used semantic search tasks (Brumby & Howes, 2008; Tseng & Howes, 

2008; Cox & Young, 2004; Everett & Byrne, 2004). Still others have combined 

them (Tarling, 2009). Tarling used a search task where participants were presented 

with both a specific target word and a category in which it belonged, and found that 

semantic structure and group size had little effect on search performance. She 

suggested that participants might have simply engaged in ‘pattern-matching’ of the 

specific word, rather than consciously reading and interpreting whole words from 
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the potential target items; for example finding words by their length or the first few 

characters of a word. 

This idea raises the possibility that people might use different search strategies 

and perform differently when faced with a specific target item to search for vs. a 

semantic description of the target item. No studies have thus far directly compared 

the differing impact these may have. If participants are given a specific target word 

to search for, will they perform better than when provided with a semantic 

description? And what are the reasons for this? Do they use a fundamentally 

different strategy? And do they still interpret the meaning of individual words? Or 

does the task become simply a pattern-matching task? And is there any correlation 

between the nature of the task description and the search item density? This study 

attempts to tackle these questions using the experimental setup described above, 

with conditions using either a specific target word description or a semantic 

description of the target word. It analyses the relative performance and effort levels 

under each of these conditions, using eye-tracking to provide detailed insight into 

the strategies being used. 

Another core aspect of design that has been found to influence visual search 

strategies and performance is search item density. This has been identified as a 

factor by a number of studies (Halverson & Hornof, 2004; Bertera & Rayner, 2000; 

Ojanpää, Näsänen & Kojo, 2002; Brumby & Howes, 2004), though there is debate 

about whether sparser or denser layouts are faster. Halverson & Hornof (2004) 

suggested that sparser layouts are searched faster. However, this study was flawed in 

that sparse groups presented better odds of finding the target first time due to 
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differences in number of items in the sparse vs. dense menus, and differences in font 

size, which is known to guide visual search (Wolfe & Horowitz, 2004; Pomerantz, 

2006). Using sparse and dense menus with font size and number of items balanced 

across conditions, Tarling (2009) found that dense groups were searched fastest. 

Other studies have also suggested that dense layouts are searched faster than sparse 

ones (Bertera & Rayner, 2000; Ojanpää, Näsänen & Kojo, 2002; Tseng & Howes, 

2008). The current study uses an experiment based around a visual search task with 

items at varying densities to add further evidence. 

If dense groups really are searched fastest, a surprising research finding is that 

sparse groups are still searched first in some situations. This was first claimed by 

Halverson & Hornof’s (2004) study (mentioned above), and when Tarling (2009) 

conducted a study (also mentioned above) that removed the confounding effects, she 

found that people really did appear to have a preference for searching sparse groups 

first when both layouts were presented simultaneously. Assuming that dense areas 

are faster to search, this finding is surprising. It appears that participants are 

adopting an inefficient strategy. 

The current study goes a step further than previous work in order to identify a 

more absolute indication of preference. It does not simply elicit which layout tends 

to be searched first, but identifies which layout is preferred overall. Which spacing 

do participants choose when a direct choice is given and the layouts presented 

independently? The findings will provide insight into why Tarling’s (2009) 

participants might have made their seemingly suboptimal choice of strategy. Could 

it be that people mistakenly perceive the sparse areas to be faster to search? Or that 
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they are more effortful? Or perhaps they are attempting to minimise the error rate? 

This study attempts to provide insight into these issues using an experimental 

approach. It presents participants with lists of words arranged at varying densities, 

measuring and analysing differences in performance, strategies, effort and 

preference between the conditions. Through this, the study also validates the results 

of those previous studies that have found that dense items are searched faster. It uses 

eye-tracking in order to provide further insight into the strategies being used and the 

reasons behind them. 

The format of the subsequent chapters is as follows. Chapter 2 reviews the 

literature, providing background and further understanding of the motivation behind 

the study. Chapter 3 describes an experiment designed to answer the research 

questions and issues described above, and presents the main study findings. Chapter 

4 discusses and assesses the contribution of these findings, making suggestions for 

further work. Finally, Chapter 5 summarizes the work in relation to the original 

study goals.  

This research contributes to the existing body of research in a number of ways. It 

furthers understanding of two important design factors that can influence visual 

search performance and strategies. It investigates how the level of impact the type of 

information a person has about their search target can affect search performance, 

and provides insight as to the differences in strategies used. It adds further evidence 

to the debate of whether dense or sparse layouts are faster to search. It builds 

directly on previous research (Tarling and Brumby, 2010) to help understand the 

reasons for a surprising finding about participants’ adoption of an apparently 
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inefficient search strategy which appears to conflict with rational adaptive search 

theory. The findings can provide practical guidance to designers on how they can 

optimize layouts for their particular aims, with the potential to aid in the design of a 

wide range of visual search interfaces and interface features such as application 

menus, web pages, web search results and e-commerce product lists. It points to 

further potentially fruitful areas of research, and adds to a growing body of 

empirical visual search knowledge (such as Cox & Young, 2004; Fu & Pirolli, 2007; 

Salvucci, 2001) that is drawn upon by a number of models and cognitive 

architectures such as ACT-R (Fleetwood & Byrne, 2006) to help predict the 

performance of visual displays. 
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CHAPTER 2. LITERATURE REVIEW 

This review of the literature provides context to this investigation of visual 

search strategies. It introduces the topic of visual search and outlines the importance 

of investigations in this area. It considers the range of factors that affect how people 

search and describes two complementary theories of visual search in more detail. It 

reviews two design factors that influence visual search strategies. The first design 

factor is the nature of the task description; whether a person is performing a 

semantic search task or a pattern matching task. The second is the density of the 

items on a display. Finally, the review explains how these areas will be combined to 

inform the design of a study exploring these aspects of visual search strategy. 

2.1.   Visual search strategies 

The search of visual displays is a fundamental requirement of many interactive 

computer systems (Keiras, 2009). Visual search processes are commonly accepted 

to impact how efficiently and effectively people search computer displays (Brumby 

& Howes, 2008; Halverson & Hornof, 2004), and the order in which people look at 

different elements of a display is a core topic for their design.  

A number of studies have been done into the factors affecting how people 

search. (Cox & Young, 2004) reviewed literature and identified size, colour, 

movement and orientation as the main layout factors influencing eye movement. 

Search item density has been identified as a factor by a number of studies 

(Halverson & Hornof, 2004; Bertera & Rayner, 2000; Ojanpää, Näsänen & Kojo, 
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2002; Brumby & Howes, 2004), although there have been conflicting findings. 

Semantic cohesion of items has also been considered (Brumby & Howes, 2008; 

Halverson & Hornof, 2008; Brumby & Howes, 2004). 

There are numerous guidelines and recommendations for web design, yet few 

are based on quantifiable empirical evidence (McCarthy, Sasse & Riegelsberger, 

2004; Halverson & Hornof, 2004). Studies have been done in this area, however. 

Studies have investigated how people locate content information on web pages 

(Brumby & Howes, 2008; Cutrell & Guan, 2007; Fu & Pirolli, 2007). Buscher, 

Cutrell & Morris (2009) found that visual attention tends to be focused on areas that 

are more likely to contain informative content, complementing Burke, Hornof, 

Nilsen & Gorman’s (2005) finding that users often ignore regions containing 

irrelevant content such as banner advertisements. Visual design conventions are 

exploited to locate content efficiently. For example, users take advantage of 

semantically related items being organized into distinct spatial regions under 

headers (Halverson & Hornof, 2008; Hornof, 2001). 

One branch of theory claims that people scan web pages through learned 

patterns, using a top-down approach. People are guided by their expectations of 

where to find information. This is widely reported and there are numerous examples 

to back it up. Bernhard (2001) found that people look for the navigation elements of 

a web page on the left. Nielsen (2006) and Shrestha & Owens (2009) found that 

people searched web pages in an F-shaped pattern. Buscher, Cutrell & Morris 

(2009) found that there were common ‘salient’ zones across web pages. Pearson & 

van Schaik (2003) identified that experienced web users exploit learned eye 
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movements, while Goldberg & Kotval (1998) predicted more efficient scan paths 

with increasing web site familiarity. Chun (2000) explores the impact of visual 

priming of earlier page views on later ones. However, these theories don’t account 

for all findings about visual search strategies, so taking advantage of learned 

patterns isn’t the only factor at work here. 

Another theory proposes that people adapt their search strategies based on the 

information available (Cox & Young, 2004; Young, 1998; McCarthy, Sasse & 

Riegelsberger, 2004), a bottom-up approach. There is also lots of evidence to 

support this theory. Rational adaptive search theory is the idea that people rationally 

adapt their search strategies in order to maximise the gain of task-relevant 

information over time (Cox & Young, 2004; Brumby & Howes, 2008; Tseng & 

Howes, 2008). It helps account for findings such as that people adjust the duration 

of their gaze according to the density of items on the display (Bertera & Rayner, 

2000; Halverson & Hornof, 2004; Ojanpää, Näsänen & Kojo, 2002; Tseng & 

Howes, 2008; Mackworth, 1976). McCarthy, Sasse & Riegelsberger (2004) found 

that participants quickly adapted gaze order to new and unexpected page layouts, 

presumably because the components being examined were of sufficient importance 

to the task. They argue that because strategy is adapted according to the context, 

following design and navigation conventions is less important.  

While Tarling (2009) suggests that these two theories of visual search strategies 

are contradictory, it is better to think of them as complementary. There are 

numerous examples and studies providing evidence for each of them, and they are 

both undoubtedly true in certain situations. Yet there are also findings that defy the 
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theories. Tarling’s study found a situation in which people adopted a seemingly 

inefficient search strategy that appeared to undermine rational adaptive search 

theory, and McCarthy, Sasse & Riegelsberger’s (2004) finding that people quickly 

adapted to new and unexpected layouts clearly shows that learned patterns are not 

the only force at work here. So neither of these theories is all encompassing. Neither 

can explain peoples’ choices of search strategy in every situation. Yet taken 

together, they can help us to understand the different ways in which people conduct 

visual search tasks, and provide a context for discussion. 

2.2. Semantic search task vs. pattern matching task 

Semantics is one factor identified as having a strong effect on search strategies. 

McDonald, Stone & Liebelt (1983) found that search of menus was faster when 

items were functionally grouped. Pierce, Parkinson & Sisson (1992) also found that 

grouping items by similarity had an influence on search. Halverson & Hornof 

(2008) showed that people use semantic structure to rapidly focus their attention on 

the most relevant region of a display, looking at the impact of grouping items by 

similarity on eye movements. It provided empirical evidence that the semantic 

quality of non-target items influences the way search is conducted, which was also 

suggested by Brumby & Howes (2008). In Halverson & Hornof’s (2008) study, 

participants searched for a given target word for both semantically arranged versus 

randomised conditions. Participants appeared to judge the content of semantic 

groups in single fixations, as opposed to several visits being made with random 

groups. The presence of labels didn’t add additional benefit, as participants seemed 
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to use any content word as an ‘anchor’ for its semantic group. In this experiment, 

the group boundaries were visually salient.  

Tarling (2009) has investigated whether people were sensitive to this semantic 

structure when no visual clues indicated the boundaries of each group. She found 

little evidence of an impact on search performance when semantic groups were 

unlabelled. She also investigated the impact of varying semantic group size, 

assuming that people might be more efficient at searching menus containing larger 

semantic groups. She found there was no effect of semantic group size on search 

performance. One possible explanation for this is that participants may have simply 

been pattern matching, identifying the target without paying attention to the 

meanings of the words. Participants may use strategies such as finding words by 

their length, for example if the word they are looking for is very short they can scan 

the menu for very short items and fixate only on them. 

Many studies of visual search performance and strategies have given participants 

a specific target word to search for (Halverson & Hornof, 2004; Bertera & Rayner, 

2000; Ojanpää, Näsänen & Kojo, 2002; Halverson & Hornof, 2008; Brumby & 

Howes, 2004; Hornof, 2001). Others have used semantic search tasks (Brumby & 

Howes, 2008; Tseng & Howes, 2008; Cox & Young, 2004; Everett & Byrne, 2004). 

No studies of visual search thus far have directly compared search performance and 

strategy when providing semantic descriptions vs. specifying the target word. 
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2.3. Search item density 

Search item density (line spacing) is another factor that has been identified as 

having a strong effect on search strategies. 

While a number of studies have agreed that density has an effect on search 

strategies (Halverson & Hornof, 2004; Bertera & Rayner, 2000; Mackworth, 1976; 

Ojanpää, Näsänen & Kojo, 2002; Tseng & Howes, 2008; Salvucci, 2001), there has 

been debate about whether sparser or denser layouts are faster. Some research has 

suggested that sparser layouts are searched faster (Halverson & Hornof, 2004). 

However, this study did not account for the effect of differences in font size and 

number of items in the sparse vs. dense menus. 

Even tiny changes in a visual display can change people’s search strategies. 

Everett & Byrne (2004) conducted a study of the effect of varying icon spacing on 

search strategies and found that moving an icon as little as 1.6 degrees from its 

accompanying text significantly reduced the likelihood that it would be looked at. A 

study by Pomerantz (2006) suggested that targets characterised by size can ‘pop-

out’, being considered to influence early vision. This means that the significantly 

larger font-size in Halverson & Hornof’s study may have initially captured 

participants’ attention. Considering Gestalt theory suggests another confound. A 

basic issue in visual perception is in accounting for perceptual segregation (i.e., the 

way in which people work out what elements of visual information belong together 

and therefore form separate objects). Gestaltists based their theories on the law of 

Prägnanz, their fundamental principle of perceptual organisation: “Of several 
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geometrically possible organisations that one will actually occur which possesses 

the best, simplest and most stable shape” (Koffka, 1935). They developed a number 

of other laws that subsumed under the law of Prägnanz. For example, the law of 

proximity states that visual elements tend to be grouped together if they are close to 

each other. Therefore, the differences in spacing between the differently sized words 

in Halverson & Hornof’s (2004) study may have affected how participants 

perceived the items on the display. 

 

Tarling (2009) conducted a study aiming to resolve these issues. Participants were 

given a target item to search for as quickly and accurately as possible from among a 

list of items. Items were presented in either a single column of a single density 

(sparse or dense), or in two columns, each of a different density. Once the target 

item was located, participants selected it by clicking it using a mouse. To determine 

the influence of density on search time and order of search, text density was 

manipulated with a within-participants experimental design. Results showed that 

participants were sensitive to design layout. Targets were located more quickly in 

the dense spacing trials than the sparse density trials, yet gaze was adapted in favour 

of the sparse text in the mixed density trials. 

 Other studies have also suggested that dense layouts are searched faster than 

sparse ones. Tarling’s (2009) results suggest that gap size, font size and spatial area 

can all influence search strategy, and dense text is searched fastest. In an eye-

tracking study of individual characters, Bertera & Rayner (2000) found longer 

fixations when searching items that were more densely packed. In a similar study 
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looking at the eye movements and strategies when searching basic shapes, Ojanpää, 

Näsänen & Kojo (2002) obtained similar results, with sparse groups being searched 

more slowly. They reported that the longer visit duration for densely packed items 

may have been due to participants adjusting their gaze in order to simultaneously 

process multiple items in close proximity. In a study of the visual search of 

thumbnail images on a visual display, Tseng & Howes (2008) also showed that 

people adjust the duration of their gaze according to the density of items. They 

showed that when items are close together, not every item is directly fixated, as 

information from multiple items can be taken in each single fixation. They propose 

that visual search is based on a balance between information’s expected value and 

the time and effort of maintaining and processing information from a fixation.  

Tseng & Howes (2008) claim that people rationally adapt search strategy to 

maximise the gain of task-relevant information over time, as do Cox & Young 

(2004). However, Tarling’s (2009) experiment yielded the somewhat conflicting 

finding that when presented alongside dense menus, sparse menus are searched first 

despite an added time cost. Participants seemed to be selecting an inefficient 

strategy. This study seeks to confirm whether this apparently inefficient choice is 

made in a slightly different experimental set up, and investigates potential reasons 

for this decision. It uses a choice/no-choice paradigm (Siegler & Lemaire, 1997; 

Duggan, Howes, Kalidindi, Lewis, & Tseng, in prep.) to elicit participants’ spacing 

preferences, and compares these with the relative performance levels of each 

spacing. By allowing participants to choose their layout before the search task 

begins, it removes the cognitive burden of choosing which layout to search from the 
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search task itself. By providing a single column in which to search, it removes the 

added element of interaction between the columns. It simplifies the set up by 

removing the need to move horizontally between columns during the test. It allows 

the discovery, in a more absolute sense, of which layout is preferred.  

2.4.   Summary 

This review has introduced the topic of visual search, and outlined its 

importance. It has described two theories of visual search – search through learned 

patterns and rational adaptive search. It has described a range of factors thought to 

affect search strategies and performance, with a particular focus on semantic versus 

pattern task descriptions and search item density. 

Regarding semantic search, it has identified that no studies have thus far sought 

to investigate and compare search performance and strategy under these two 

conditions. How, and how well, do people conduct a visual search task when 

confronted with an specific description of their target, versus a semantic description 

only? 

Regarding search item density, it has identified conflicting findings of search 

performance on sparse vs. dense displays, and it has described the surprising finding 

that sparse layouts are searched first even when slower (Tarling and Brumby, 2010). 

This finding is surprising, as the use of an apparently suboptimal strategy conflicts 

with rational adaptive search theories of visual search. What are the reasons behind 

this choice? And does it persist when dense and sparse items are presented 

separately rather than alongside each other? 
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An empirical experiment designed to address these research questions is 

described in the following chapter. 
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CHAPTER 3. SEARCH STRATEGY AND PERFORMANCE 

This chapter describes a visual search experiment based on a classic visual 

search paradigm whereby participants search for a known target word from a list of 

distracter items (Kieras, 2009). It is designed to explore two factors thought to affect 

visual search strategies and performance.  

The first factor is in the nature of the target description. One round of tests will 

provide the participant with a specific target word to search for (pattern condition), 

and another round will provide a semantic description of the target word (semantic 

condition). Differences in performance and strategies will be analysed with the help 

of the click data, eye-tracking data, and the Nasa TLX responses. Nasa TLX 

weightings will be calibrated separately for each target description condition.  

The hypothesis is that providing a specific target word will result in significantly 

faster search times and fewer errors than providing a semantic description, and that 

semantic description trials will be perceived as more effortful. This hypothesis is 

based on the experimenter’s expectation that greater cognitive effort will be required 

in order to conduct the semantic search task. Shorter fixations are expected with 

semantic search, as people will need to cognitively assess the meaning of each word. 

The second factor thought to affect visual search strategies and performance that 

will be examined is search item density. Participants will be asked to perform a 

number of trials of the search task as quickly as possible with each of dense, 

medium and sparse spacing between items, presented in separate blocks. These are 
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the no-choice tests. Click data and eye-tracking data will be analysed to determine 

differences in performance and strategy between the spacing conditions. A Nasa 

TLX questionnaire will be administered after each of these no-choice tests in order 

to capture any perceived difference in effort levels between spacing conditions. 

Participants will then perform a number of trials of the search task with a choice 

between each of the densities for each trial. These are the choice tests. Click data 

will be analysed in order to determine any preference for a particular density. As 

speed will be emphasized in both the verbal and on-screen instructions, this will 

indicate which density participants perceive as fastest. 

The hypothesis is that participants will perform faster on the dense trials, yet that 

sparser spacing will be chosen more frequently than denser. This hypothesis is based 

on what is suggested by the results of Tarling’s (2009) study of visual search 

strategies. It is also expected that denser spacing will be perceived as more effortful 

and result in more errors, as this fits as a plausible explanation for why sparser 

spacing could be preferred even when slower. Longer fixations are expected with 

denser trials, as previous studies have found longer fixations with more densely 

packed items (Bertera & Rayner, 2000; Ojanpää, Näsänen & Kojo, 2002). 
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3.1.   Method  

3.1.1. Participants 

Thirteen friends and classmates of the experimenter were recruited from 

University College London and the surrounding area. Five were female, and 

participants had a mean age of 27 years with a standard deviation of 3.1 years and 

ranging from 23 to 32 years. All but two were native English speakers and all were 

experienced computer users with normal or corrected-to-normal vision, no learning 

disabilities and normal use of both hands.  

3.1.2. Materials 

The words for the search items were adapted from those used in Tarling’s (2009) 

study. Tarling’s were taken from a Yoon et al (2004) study on word categories, 

which Halverson and Hornof (2004) had adapted concerning word length and 

number of items within categories. They are described in full in Halverson (2008). 

The full original list of words is available in Halverson (2008).  

As the word lists were not initially designed for the purposes of this test, a 

suitability study was carried out in order to ascertain their suitability and to 

recommend any changes. Tests were conducted with four native English speakers, 

including the researcher. On the whole, participants agreed that the data was suitable 

for the task. However, 22 categories were flagged as potentially problematic. Of 

these, 18 were flagged by three or more participants. These were changed to 

alternative categories that were agreed as being suitable by all four participants. 11 
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words were flagged as problematic. Of these, seven were flagged by three or more 

participants. These were changed to alternative words that were agreed as suitable 

by all four participants. A summary of changes can be found in Appendix 1. 

Nasa TLX (Hart & Staveland, 1988) questionnaire forms were used to ascertain 

the level of effort for each condition. They were used in conjunction with the 

accompanying weighting forms completed by the experimenter. 

Custom software was developed using Microsoft Visual Basic. Screenshots are 

included in the Appendix. The search button was presented at the bottom of on an 

initial screen and stretched across the breadth of the potential horizontal column 

positions. This size and positioning was used to keep the button at an equal distance 

from each of the columns in the choice trials in order to minimise the risk of a 

preference based on relative position. The target description was placed immediately 

above the button in order to reduce the risk of participants accidentally pressing the 

search button before reading the description. The possible targets were structured in 

a single column. The horizontal position of the column in the no-choice trials was 

randomised in order to prevent participants from becoming accustomed to a 

particular column location before the choice tests. Each column contained 16 items. 

The position of the target word was randomised.  

The font used was Arial size 10 in black and on a white background. The gap 

sizes between items were: 20 pixels for dense; 30 pixels for medium, 40 pixels for 

sparse, and 30 pixels for the practice trials. 
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The computer used in the experiment was a Dell Optiplex (Intel. Pentium 4 CPU 

3.00GHz. 2.989 GHx. 1.00GB of RAM) running Microsoft Windows XP 2002 

Version. The monitor display was set to 1078 by 758 pixels as the recommended 

settings from the Tobii Corporation who developed the eye-tracking device. An 

optical mouse was used, set to medium speed via the control panel. 

A Tobii 1750 eye-tracker recorded eye movements. Participants sat 

approximately 60cm from the screen. The eye-tracker has a gaze point accuracy of 

under 0.5 degrees of visual angle, with a sampling rate of 50 Hz. It uses infrared 

diodes, measuring the location of the eye and corneal reflection and using 

mathematical algorithms to calculate the gaze point and fixation locations. 

ClearView software version 2.7.1 was used in conjunction with the Tobii eye-

tracker. The threshold for capturing durations was set at 100ms, with a fixation 

radius of 30. 

3.1.3. Design 

The experiment used a within subjects design.  

There were two independent variables. One was in the nature of the target 

description, and the other was the vertical spacing between items in the list of 

possible targets. There were two conditions for the target description: presenting the 

specific target word itself (pattern condition) or presenting a semantic description of 

the target word (semantic condition). For the pattern description condition the search 

task was framed as “Find the word ‘apple’”. For the semantic description condition, 

the search task was framed as “Find a type of fruit”. Search items were randomised 
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from the entire word list, with no more than one word taken from any semantic 

group in order to minimise confusion between descriptions in the semantic search 

test. The dependent variables measured were search time, duration of fixations, 

sequence of visits, number of items visited, distance between items visited and 

number of attempts. These were analysed in order to understand differences in 

search strategy between the conditions. 

There were three conditions for line spacing: dense, medium or sparse. For the 

single density tests the design was counter-balanced by randomising the order in 

which the densities occurred. The key dependent variable measured was search 

time, in order to compare the performance of the differing densities.  For the choice 

tests the design was counter-balanced by randomising the order in which the 

densities were presented in the instructions. The key dependent variable measured 

was choice of density, in order to establish which layouts were perceived as being 

fastest to search. Another dependent variable was the perceived workload, or effort 

level for each layout. 

A fixed number of ‘practice trials’ were included before each description 

condition to ensure participants understood the instructions. 

3.1.4. Procedure 

An informed consent form and screening questionnaire requesting demographic 

information was completed by participants. Verbal instructions were given 

summarising the general procedure and requirements for the experiment, with full 

instructions provided on-screen.  
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Participants were told that there would be a number of search tasks to complete. 

They were either told that they would be shown a specific target word (in the pattern 

description condition) or a type of item to search for (in the semantic description 

condition). They were advised that while the layout of the items might vary, the task 

would remain the same. They were told that full instructions would be given on-

screen at the start of each section. They were asked to complete the trials as quickly 

as possible, and encouraged to do so by being told that they could leave as soon as 

all the trials were complete. It was emphasized that accuracy only mattered to the 

extent that if they clicked the wrong item they would need to repeat the trial, which 

would slow them down. They were told that clicking anywhere other than on a 

target word would be classed as a mistake and they would have to repeat the trial. 

Participants were then given on-screen instructions, which they could read 

before clicking to begin the practice trials. These were presented one line at a time, 

with a next button to be clicked between each line in order to ensure that each line 

was read and understood. Participants were given the opportunity to ask questions 

after reading the instructions before starting the test. Half the participants began 

with the semantic description condition, and half began with the pattern description 

condition. For each of these conditions, participants did single density tests for each 

of the three spacing conditions, and a density choice test where they could choose 

the spacing for each trial. 

At the start of each section the eye-tracker was calibrated to the participant. For 

this, participants had to fixate on a number of points, which helped to ensure a 
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sufficient degree of accuracy. The eye-tracker was recalibrated at regular intervals 

during the test. 

Participants practiced the procedure during six practice trials at the start of the 

choice trial and no-choice trial for each of the description conditions. These were 

not included in the data for analysis. Practice trials were identical in terms of 

presentation style to the actual trials but no practice trial tasks were repeated in the 

experimental trials for any individual participant. Density was set to medium at 30 

pixels for the single density practice trials, and the participant had a choice of 

densities in the density choice practice trials.  

Upon beginning each trial in the single density tests, a target word (in the precise 

description condition) or a type of item to search for (in the semantic description 

condition) was presented alongside a search button. Clicking the search button made 

the target word disappear and the list of words appear. Participants visually located 

the target word, moved the mouse pointer to it and clicked on it to complete the trial. 

If a participant clicked in an empty space or on an incorrect item, the error was 

logged and the trial was restarted.  

After each block of single density tests, participants filled out a Nasa TLX 

questionnaire on paper. This gave them an opportunity to rest their eyes from the 

screen. After each block of choice tests (and hence after all the tests for each target 

description condition), a Nasa TLX weighting sheet was filled out by the 

experimenter based on questioning the participant about the contribution of each 
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factor to the workload of the relevant tasks using a series of pairwise comparisons. 

The pairs were presented verbally and in a random order to each participant. 

Upon beginning each trial in the choice tests, a target word (in the pattern 

description condition) or a type of item to search for (in the semantic description 

condition) was presented alongside three search buttons with accompanying lists of 

a stand-in word (xxxxxx) to illustrate the three spacing options. The horizontal order 

in which the spacing options were presented was randomised. Upon clicking the 

search button, the target description disappeared, the list of words appeared in the 

layout selected in place of the stand-in words, the other columns and buttons 

disappeared, and the trial continued as with the single density tests. If an error was 

made, the user restarted the trial with only the option of the spacing condition they 

had already selected being visible. The time taken for each trial was displayed after 

it was completed, and participants had to click a ‘Resume’ button to move onto the 

next trial. This step was included in order to emphasize to participants the 

importance of completing each trial as quickly as possible. 

Six participants were randomly selected to begin with the semantic description 

condition. The other seven began with the pattern description condition. For each 

description condition, there were 20 trials for each spacing condition of the single 

density tests, and a single block of 20 search trials for the choice test for each of the 

two conditions. 

To summarise, the cycle of tests was as follows: 

• Eye-tracker calibration 
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• 6 no-choice practice trials 

• 20 no-choice trials at spacing condition 1 

• Nasa TLX questionnaire on paper 

• Eye-tracker calibration 

• 20 no-choice trials at spacing condition 2 

• Nasa TLX questionnaire on paper 

• 20 no-choice trials at spacing condition 3 

• Nasa TLX questionnaire on paper 

• Eye-tracker calibration 

• 6 choice practice trials 

• 20 choice trials 

• Nasa TLX weighting with experimenter 

After a cycle of tests using the first description condition, the cycle was repeated 

mutatis mutandis using the second description condition. Once the experiment was 

completed, participants were debriefed. The purpose of the experiment was 

explained and the opportunity to ask questions was provided. 
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3.2. Results 

The Visual Basic program measured the dependent variables of search time and 

spacing selection (in the choice tests). The analysis of eye movements provided data 

for the dependent variables of number of items visited in total, number of separate 

items visited, visit duration, number of fixations on items, number of fixations off 

items, fixation duration and saccade distance. Search time and eye movements were 

recorded from the time a participant clicked the ‘search’ button to the point when a 

correct target item was selected with the mouse. Effort level was another dependent 

variable, which was calculated for each condition from the Nasa TLX responses. 

Mean search time and eye-tracking data were analysed using 2 (pattern description 

and semantic description) x 3 (dense, medium and sparse layouts) repeated measures 

ANOVAs unless stated otherwise. Results were judged as significant if p < 0.05. In 

this section, excluded data and an error analysis is covered first, before in turn 

considering effort levels, item visits, fixation and saccades, and finally the choice 

test preferences. 

3.2.1. Excluded data and error analysis 

Participant 9 was excluded from the analysis due to an error with the eye-tracker 

that caused data to be missed. Trials were marked as incorrect if an incorrect item 

was selected. Incorrect trials and practice trials were discounted from the analysis.  



  31 

An ANOVA was conducted on the accuracy data in order to understand the 

significance of the effect of removing the error trials and to see whether an increased 

likelihood of error might have affected search spacing preference.  

 

Figure 1 – Accuracy level by spacing and description conditions. The top and 
bottom of each box indicate the upper and lower quartiles, 
respectively. The band inside the box indicates the median; the 
whiskers extend to 1.5 x the inter-quartile range and outliers are 
indicated separately. 

 

The box plot in Figure 1 shows how the accuracy level varied across conditions. 

There was a clearly significant effect of description condition on accuracy, F(1,11) 
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(M=0.83, SD=0.37) than when pattern descriptions were given (M=0.95, SD=0.21). 

There was a smaller yet also significant effect of spacing condition on accuracy, 

F(2,22) = 4.7115, p<.05, with somewhat higher accuracy in dense trials (M=0.92, 

SD=0.28) than in medium (M=0.90, SD=0.31) and sparse trials (M=0.86, SD=0.34). 

Examination of the box plot suggests that the effect was more pronounced in the 

pattern spacing condition, but the ANOVA showed that there was no significant 

interaction between the two. 

3.2.2. Search Time 

Search time for each of the two description conditions (pattern and semantic) 

and three density conditions (dense, medium or sparse) were examined to identify 

which were fastest. Figure 2 shows a box plot of search time for each of these main 

experimental conditions. It shows that there was a significant effect of description 

condition on search time F(1,11) = 215.11, p<.001, as hypothesized. Pattern 

descriptions resulted in search times that were approximately twice as fast 

(M=2.02s, SD=1.01s) as semantic descriptions (M=4.09s, SD=2.76s). Looking at 

the means suggests that dense spacing (M=2.94s, SD=2.11s) may have been slightly 

faster to search than medium (M=3.14, SD=2.59) and then sparse spacing (M=3.24, 

SD=2.32), but the ANOVA showed no significant effect of spacing condition on 

search time F(2,22) = 1.5996, p>.1.  
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Figure 2 – Search time by description and spacing conditions 

3.2.3. Effort levels 
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significant, F(1,11) = 18.011, p<.01. There was no main effect of spacing condition 

on effort levels. 

 

Figure 3: Effort levels by description and spacing conditions 
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3.2.4.1. Number of fixations 

For the description variable, semantic descriptions required significantly more 

fixations (M=9.92, SD=6.95) than pattern descriptions (M=6.77, SD=3.82). For the 

spacing variable, dense layouts required the least fixations (M=7.35, SD=4.97), 

followed by medium (M=8.42, SD=6.56) and finally sparse layouts (M=9.51, 

SD=5.95). The ANOVAs showed that there was a main effect on number of 

fixations of both description condition, F(1,10) = 78.6217, p<.001, and spacing 

condition, F(2,21) = 8.1478, p<.01. 

3.2.4.2. Fixation duration 

For the description variable, fixations were significantly longer for semantic 

descriptions (M=408ms, SD=245ms) vs. pattern descriptions (M=355ms, 

SD=176ms). For the spacing variable, fixations were significantly longer for dense 

layouts (M=444ms, SD=274ms), followed by medium (M=384ms, SD=198ms) and 

sparse layouts (M=320ms, SD=135ms). These differences in the relative lengths of 

fixations can be seen in Figure 4, which shows the fixation duration by description 

and spacing conditions. The ANOVAs showed that there was a main effect on 

fixation duration of description condition, F(1,10) = 14.8756, p<.01, and spacing 

condition, F(2,21) = 18.9991, p<.001. There was also a significant interaction 

between the two variables, with the difference between description conditions being 

stronger in denser layouts, F(2,21) = 8.0797, p<.01. 
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Figure 4: Fixation duration by description and spacing conditions 

3.2.4.3. Proportion of fixations off-item 
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p<.01, with significantly more off-item fixations in the semantic condition (M=0.23, 
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participants looked relatively more at the items directly in the semantic condition, 
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The proportion of fixations off-item will not be considered for the spacing 

variable. This is because the spaces between items are much smaller in the denser 

conditions, which means the proportion of fixations off-item is unbalanced across 

spacing conditions. 

 

Figure 5: Proportion of fixations off-item by description and spacing conditions 
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the semantic condition, denser spacing had somewhat longer saccades, whereas in 

the pattern condition there was less of a clear effect of density on saccade distance. 

The effects were statistically significant, with a main effect of description condition 

on saccade distance, F(1,9) = 43.7218, p<.001, of spacing condition on saccade 

distance, F(2,21) = 5.5248, p<.05, and a significant interaction between the two 

variables, F(2,20) = 10.596, p<.001. 

 

Figure 6: Saccade distance by description and spacing conditions 
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items already visited than in the pattern condition. These effects of description 

condition on the number of items visited, F(1,10) = 115.4650, p<.001, and on the 

number of revisits to items, F(1,10) = 34.0995, p<.001, were statistically significant.  

There was no significant effect of spacing condition on the number of items 

visited or the number of revisits to items. 

3.2.5. Spacing condition preference 

Spacing condition selection data was analysed for the choice trials of both 

description conditions in order to establish which spacing was preferred. Dense 

(M=9.1, SD=6.8) and medium (M=8.8, SD=6.4) spacing were chosen far more than 

sparse spacing (M=2.1, SD=3.8) for both semantic and pattern conditions, as shown 

in Figure 5. 

 

Figure 5: Spacing choice by description condition 
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CHAPTER 4. GENERAL DISCUSSION 

The goal of this research was to investigate how two key factors in the design 

and presentation of text on a visual display affect search performance and strategy. 

The first of these factors is in the nature of the target description, whether a semantic 

target description vs. providing a specific word to search for. The second of these 

factors is in the density of the items being searched, whether dense, medium or 

sparse. The study also aimed to clarify earlier conflicting findings regarding search 

performance and surprising findings regarding preferences for dense vs. sparse 

layouts. 

4.1. Description variable findings 

A major finding of this study is that providing semantic vs. pattern descriptions 

has a huge effect on search performance and strategy. No previous study has shown 

this so clearly and directly. Perhaps the presence of an effect is not surprising, as it 

seems intuitive that knowing the item you are searching would make the task 

quicker and easier. What is compelling about the results of this study is the 

magnitude of the effect that it shows, and the insights the data provides into why it 

happens. Semantic search was found to take around twice as long as pattern search 

across all spacing conditions. This shows that the task description has a huge effect 

on search speed, as hypothesized. This is perhaps intuitive, but it is useful to have 

empirical evidence to show it so clearly, as it provides a platform for other research 

and invites further investigation of the reasons and processes behind it. This section 
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outlines three key insights that are suggested by the results, and describes the data 

supporting these insights. 

The first of these insights is that the visual area around a fixation from which 

information can be interpreted may differ when conducting a pattern matching vs. a 

semantic search task. This is fascinating as it indicates a fundamental physiological 

difference in the way that people are able to perceive information between 

conducting the two tasks. Previous research by Barbur, Forsyth & Wooding (1990) 

has assumed that all information within 1.2 degrees of visual angle of fixation centre 

can be perceived. The findings of the current study suggest that this radius may 

differ depending on the search task. 

The data which supports this includes the fact that there were more separate item 

visits for semantic search, suggesting that participants could take in more items in 

each visit when pattern matching. This is backed up the data on the proportion of 

fixations made off-items between conditions, which showed that during semantic 

search, participants tended to look directly at items more often than in pattern search 

when they looked in the gaps between items. This suggests that participants needed 

to look more directly at items in order to assess their semantic meaning, whereas 

they could discern whether an item was a pattern match without looking at it 

directly. The saccade distance was also longer for pattern search, which suggests 

that participants were able to make use of information from a wider fixation with 

each visit.  
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The second insight that can be gleaned from the data is that semantic search is a 

more complex and taxing task at many levels, requiring more conscious thought, 

more time at the level of fixations, and more effort. This is supported by the fact that 

longer fixations were required for conducting semantic search, suggesting that more 

conscious thought is required in order to evaluate each item. Fitts, Jones & Milton 

(1950) correlated increases in gaze duration with more complex information 

processing. Further evidence for semantic search being more taxing is the higher 

effort levels required for semantic search as indicated by the Nasa TLX tests, and 

the fact that there was a significantly higher error rate in that condition. The fact that 

more errors were made despite the extra cognitive attention and time being devoted 

to the semantic search task leads on to the third insight that the data suggests. 

The third insight suggested by the description variable result data is that there 

appears to be a difference in the level of uncertainty which participants have about 

whether an answer is correct or not, and that this affects both their search strategy 

and performance. The differing error levels alone are not enough to reach this 

conclusion, as they could be a symptom of the overlaps in the categories of the word 

lists used. While testing took place to help ensure that totally ambiguous items 

would not appear in the same trial, there were nonetheless overlaps between 

categories that meant some distracter words were more relevant than others. For 

example if participants were asked to identify a type of ‘farm animal’, distracter 

words from the ‘wild animal’ category would clearly be more distracting than ones 

from the ‘kitchen appliances’ category. However, further evidence for the insight 

that there is a difference in the levels of uncertainty about the correctness of a 
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selection is provided in the numbers of separate item visits and revisits, and in the 

literature. More separate items being visited and more revisits to items being made 

in the semantic condition indicates that participants may have been checking out 

more of the available options before committing to a decision. Studies by Brumby & 

Howes (2008) and Halverson & Hornof (2008) back this up by providing empirical 

evidence that the semantic quality of non-target items influences the way search is 

conducted. 

4.2. Spacing variable findings 

In this section I begin by discussing and interpreting the findings from the eye 

movement variables of fixation length, fixation quantity and saccade distance before 

considering the search time data and then the results of the choice test, where 

participants were able to select their preferred spacing. 

Regarding fixation data, the results found that denser layouts yielded less but 

longer fixations. This indicates that participants in the denser conditions were taking 

in more with each fixation, as though this takes longer, it means less fixations are 

needed to rule in or out all the necessary items. The opposite applies for sparser 

layouts, where more yet shorter fixations were found. This meets the hypothesis of 

the current study and is consistent with previous research. Tarling (2009) found 

longer and fewer fixations with denser layouts in her study involving locating a 

particular target word from a list of possible items. Bertera & Rayner (2000) had 

similar findings in a study of individual characters, while Ojanpää, Näsänen & Kojo 

(2002) had similar findings in a study of basic shapes. Tseng & Howes (2008) found 



  44 

that not every item is directly fixated when items are close together, as a single 

fixation can take in information from multiple items. 

The saccade distance in the current study was found to be equal across 

conditions. This suggests that there exists a particular visual radius from which 

participants could gather information, and which was unaffected by search item 

density. This supports previous research by Barbur, Forsyth & Wooding (1990), 

who assume that all information within 1.2 degrees of visual angle of fixation centre 

can be perceived. 

One of the most surprising results of the current research is that there was no 

significant effect of item density on search times. For the search time results, it was 

hypothesized that more densely spaced items would be faster to search. This 

hypothesis was based primarily on the results of Tarling’s (2009) study of dense and 

sparse word lists in which she removed the confounds of unequal numbers of words 

and font size from previous work by Halverson & Hornof (2004), and found dense 

layouts faster to search than sparse ones. A number of other studies with similar 

findings added weight to this hypothesis (Bertera & Rayner, 2000; Ojanpää, 

Näsänen & Kojo, 2002; Tseng & Howes, 2008), including Goldberg & Kotval’s 

(1998) study, which correlated a reduced number of fixations with faster task 

completion times. The conflict with Tarling’s study is the most surprising, as a very 

similar experimental set up was used for the single density tasks. 

A possible explanation for these conflicting findings lies in the differing 

consequences of a mis-click between spacing conditions in Tarling’s (2009) study. 
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Clicking on the spaces between items would have no effect, leaving the participant 

free to click again in the same trial. For sparse trials there would be a greater chance 

of any mis-clicks being on the space between items than on other items, giving them 

further chances to find the target and making the trials last longer than if they had 

managed to hit the target first time. For dense trials, mis-clicks would involve a 

much greater chance of clicking on an incorrect item, which would lead to the trial 

being repeated and the results of that trial being excluded from the analysis. These 

differing consequences of mis-clicking in Tarling’s study could explain why she 

found sparse layouts to be searched slower. 

These differing consequences also have implications for Tarling’s finding that 

sparse columns tended to be searched before dense when both layout were presented 

together. Instead of believing sparse areas of layouts to be faster to search than 

dense areas, participants could simply be searching them first in order to minimize 

the consequences of a mis-click. In the current study, this confound was removed, as 

clicking on any space other than a target item (including the gaps between items) 

resulted in the trial being marked as an error and discounted from the main analysis. 

This meant that the consequences of a mis-click were identical for all density 

conditions.  

While this may seem to be a minor factor, previous research has shown how 

even minor changes in layout can provoke major changes in strategy. In a study of 

the effect of varying icon spacing on search strategies, Everett & Byrne (2004) 

found that moving an icon as little as 1.6 degrees from its accompanying text 

significantly reduced the likelihood that it would be looked at. Examination of 
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Tarling’s error data could provide insight into whether this difference in the 

consequences of mis-clicking might have been a factor, as if it were the case, it 

would be expected that dense trials would report a greater number of errors. 

However, only correct trials were considered in Tarling’s analysis. This is 

unfortunate, as it could potentially explain the seemingly inefficient decision to 

search sparse layouts before dense. 

A key finding of this study is that dense and medium spacing conditions were 

equally and greatly preferred over sparse spacing in the choice tests. This suggests 

that rather than there being a scale of preference for denser over sparser layouts, 

there could be an absolute point of spacing above which participants prefer not to 

search. The current study provides a more absolute indication of preference than any 

previous work by using a choice/no-choice paradigm that presents each layout 

individually and requires a conscious and specific decision be made of which 

spacing to use. While previous research by Halverson & Hornof (2004) and Tarling 

(2009) investigated spacing preference and found sparse layouts to be searched 

before dense, these studies presented dense and sparse layouts simultaneously, using 

eye-tracking data to infer which tended to be searched first. 

There are a number of possible reasons for the preference for dense and medium 

layouts. It could be that participants were attempting to minimize the error level, 

which was slightly higher for sparser layouts that denser ones. It could be a 

preference for making fewer and longer fixations rather then more and shorter ones, 

although there was no significant difference in the effort levels between spacing 

conditions. The preference could be a result of learned patterns, with dense and 
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medium spacing being closer to what participants are used to, although this may be 

difficult to prove given the large range of circumstances in which people are faced 

with lists of items to search through on websites and digital devices. 

 

Overall, the findings from this study seem to support a context sensitive theory 

of search, whereby strategy is guided by current layout. Providing sparser spacing 

necessitated a fundamental change in strategy, fitting shorter yet more frequent 

fixations into the same time. Providing a semantic description of a target item rather 

than a specific item to search for necessitated a fundamental change in strategy, 

using more and longer fixations, fixating directly on target items, and visiting and 

revisiting more items before making a selection. These findings support the theory 

that people adapt search strategies based on the information available (Cox & 

Young, 2004; Young, 1998). McCarthy, Sasse & Riegelsberger (2004) found that 

participants quickly adapted gaze order to new and unexpected page layouts, 

presumably because the components being examined were of sufficient importance 

to the task. Likewise in the current study, participants adapted their strategies to best 

fit the task when faced with the differing layouts.  

The next section discusses the limitations of this study and particular issues that 

may have affected the results. It considers how, given more time, subsequent 

experiments could address the issues that have been discussed, and further 

investigate the experimental phenomena uncovered. 
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4.3. Limitations  

The results may have been affected by a general confound of the differences in 

the consistency of the semantic relationship between items. The word list was 

adapted from those used by Yoon et al (2004), Halverson (2008) and Tarling (2009), 

and was not made specifically for the purpose of a study in which items in 

categories needed to be exclusive to that category. It was necessary to balance the 

fact that the nature of elements of the task differed with a desire to keep a level of 

consistency with the previous studies against which the results have been compared. 

Also, reusing the words from previous studies means that many of the same 

confounds will have been repeated. While the word lists were adapted through user 

testing to ensure that totally ambiguous items did not appear together, overlaps 

undoubtedly persisted. Future studies may benefit from a more rigorous 

understanding of the semantic relationship between items. 

There is some doubt over whether all the participants fully understood the 

categories of the Nasa TLX questionnaire. Little explanation was given beyond the 

category name and guide question on the questionnaire form, and there was no 

practice at using and interpreting the categories. None of the participants were 

familiar with the rating system. This aspect of the study could have been improved 

by providing more written and verbal guidance for using the TLX forms, including a 

‘practice form’ to fill in after a number of practice trials, and verbally confirming 

whether participants were happy with the differences between the categories. 

Another potential limitation of the effort level results is that the experimenter chose 

the order in which pairwise comparisons were presented for weighting the 
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categories. Although an attempt was made at varying this order between 

participants, it was not truly random.  

Horizontal position of columns was varied between trials in order to help ensure 

there was no preference for a particular screen location when the choice tests were 

conducted. This could have added to the cognitive load and slowed participants 

down in the no-choice tests as it meant they had to vary their focus over a wider area 

rather than always exploring the same vertical column as in Tarling’s (2009) study. 

Previous research backs this up, suggesting that the changing positions of the 

columns could have had an effect. Chun (2000) explored the impact of visual 

priming of earlier page views on later ones, while Cox & Young (2004) identified 

size, colour, movement and orientation as the main layout factors influencing eye 

movement. However, while this column position confound could have affected 

results between the current study and previous studies, analysis of the results of the 

current study found that there was no effect of column position on search 

performance. Future experimentation could separate out the choice and no-choice 

stages of the study in order that the choice tests could be run with a consistent 

column position. 

That there was no major incentive for participants may have affected their 

performance. Though speed was emphasized strongly in the verbal and written 

instructions, the only incentives were in the form of being able to leave as soon as 

the experiment was over and any desire to perform well in the task for its own sake. 

It is possible that other factors proved more important in determining participant’s 

choice of spacing density. For example, it is possible they preferred to vary the 
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spacing they chose in order to make for a more interesting and varied task. This 

would help to explain the shifting of preference found in many of the participant’s 

choice trials. Future experimentation could investigate whether providing further 

incentives for better performance would improve the reliability of the results. 

There is a possibility that the number of trials in was insufficient for a true 

preference to be established in the choice tests. Limited practice was given. There 

may have not been enough time for participants to truly discern between the spacing 

conditions and establish a clear preference. While a number of participants quickly 

settled into choosing a particular spacing and chose that for all or the majority of the 

trials, there were many who alternated between spacing conditions or shifted 

preference during the choice trials. If participants were truly convinced of the 

superiority of a particular spacing, it might be expected that they would choose that 

spacing exclusively for all the choice trials. It could be that the choice trials were too 

few, and so providing more of them could help to overcome this. Another option for 

further exploration would be to conduct a similar study over time in order to 

establish whether the preference persists and becomes more established over time. 

The study is limited in the extent to which it may conclude whether a particular 

density is perceived as faster than another. The experiment attempted to investigate 

why Tarling’s (2009) participants chose the seemingly inefficient search strategy of 

searching sparse items first even when they were slower. By emphasizing speed in 

the task and giving participants an explicit choice of density to search, it was 

assumed that this would identify which layouts were perceived as fastest. However, 

even though a distinct preference for dense and medium layouts has been identified, 
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it is not possible to say with complete certainty that these layouts are perceived as 

fastest. It could be that participants perceive each layout to be equally fast or are 

unable to accurately discern which is faster, and therefore are selecting layouts on 

the basis of other factors, such as familiarity, aesthetic appeal, or the amount of 

effort required to search a particular density. 

In this study, spatial area for sparser groups was greater than for denser ones. 

Similarly to Tarling’s (2009) study, this was done deliberately in order to minimize 

other potential confounds which were deemed to be greater. A previous study which 

did not take these confounds into account was Halverson and Hornof’s (2004) study, 

in which spatial area was kept consistent in by adjusting search item size. A study 

by Pomerantz (2006) highlights the weakness of this approach in its suggestion that 

targets characterised by size can ‘pop-out’. This means that the significantly larger 

font-size in Halverson & Hornof’s study may well have initially captured 

participants’ attention. Therefore, given that text size needed to remain the same, 

and that having a consistent number of items across spacing condition was critical to 

keeping the task consistent, the most viable option for this study was to allow the 

spatial area for sparser groups to be larger than for dense ones. While still a factor, 

the impact of this would likely be smaller for the current study than for Tarling’s 

(2009) study, as the differing layouts were not present simultaneously during the 

actual search tasks. The effect of size of spatial area covered by search items on 

search performance and preference could be investigated further. This would 

necessitate either a variation in density or in number of items present, but combined 
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with the results of the current and similar studies could aid in developing an 

understanding of how these factors interact. 

4.4. Further experimentation 

There are a number of potential avenues for further research in this area. 

A study could be conducted addressing confounds of the current study. Word 

lists could be more rigorously tested to balance and/or measure the semantic 

relationships between items. Further incentives could be provided to encourage 

optimal performance. Choice and no-choice tests could be separated to remove the 

potential confounding effect of column positions being varied. Providing more 

practice trials and choice trials and conducting experiments over time may help to 

establish a clearer preference of density for the choice tests. More explanation and 

practice questionnaires could be provided to help the Nasa TLX categories to be 

better understood, and a clearer method could be established for randomising the 

orders in which the pairwise comparisons of the Nasa TLX categories are presented. 

Another avenue could be to investigate the varying consequences of a mis-click 

in order to confirm whether the hypothesis about the conflicting findings between 

this study and Tarling’s (2009) study is correct. This could be done by adding a 

between subjects variable to the current experiment, with one group conducting the 

task where clicking on the spaces between items has no effect (gap no-error 

condition), and another group where clicking on the spaces is counted as an error 

(gap error condition). The hypothesis would be that there would be an interaction 
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between the gap error/no-error variable and the density variable, with denser trials 

having shorter durations and higher error levels in the gap no-error condition. 

An experiment could confirm whether there really is an absolute level of spacing 

distance at which participants prefer not to search over, and attempt to identify more 

specifically what this level may be. This could be done by introducing more 

conditions for density variable, at smaller intervals of density between the sparse 

and medium spacing conditions used in the current study. 

It may be possible to investigate the extent of the difference in the level of 

uncertainty about the correctness of results in semantic and pattern searching. A 

study could present one word at a time, and ask participants to verify whether or not 

it is the target word, when either a semantic description or the target word itself is 

given. The difference in error rates and reaction times between the conditions would 

provide insight into the extent of this effect. 

Another experiment could investigate the differences in the size of the useful 

visual radius between semantic and pattern searching. This could involve a task in 

which a participant is given a point on which to fixate and either a semantic or 

pattern description of their target word. For each trial, a potential target word 

appears above or below the point of fixation, and participants must rapidly decide 

whether it is a match or not. By varying the distance at which the potential targets 

appear from the point of fixation and measuring accuracy and changes in the eye 

movements, it may be possible to identify differences in the useful visual radius 

between the semantic and pattern searching conditions. 
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4.5. Implications 

The findings are relevant to a range of design and usability contexts, with the 

potential to give designers a better understanding of the consequences of how item 

density and task design might affect search performance, strategy and preferences. 

They could inform the design of applications and websites, in areas where it is 

necessary to scan text such as on application menus, e-commerce product lists and 

search results. They may to some extent also apply to other display features such as 

images and icons. In particular the findings could be useful to designers of mobile 

technologies, for example where the limitations of a small screen size may tempt 

designers to bring elements closer together.  

However, the results of the current study are not specific enough to provide 

design guidelines and recommendations. The complexity of web page and 

application design introduces many confounding factors that have not been 

considered in this study. It is uncertain whether the findings will really apply to 

other design features such as images and icons.  

The avenues for future experimentation based on this study could provide more 

direct guidance and recommendations for designers. The findings about the differing 

performance levels and strategies when conducting semantic vs. pattern search tasks 

could inform the design of tasks which users are expected to perform on websites 

and software. More detailed fixation radius and density preference findings could 

directly inform design guidelines for applications or websites, for example by 
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leading to the development of a spacing recommendation above which people prefer 

not to search.  

The way that description and spacing may affect search performance and 

strategy has implications for the careful design of experiments in related areas. 

Future studies may need to take the nature of the task and task description into 

account, recognising that the semantic quality of the description provided may have 

an effect. They may also need to consider how small differences in spacing between 

items or the consequences of mis-clicks could have major effects on participants’ 

performance levels and strategies used. 

The findings advance theory by building on and improving upon existing work 

on visual search strategies. It builds directly on previous research by Tarling and 

Brumby (2010) to help understand the reasons for a surprising finding about 

participants’ adoption of an apparently inefficient search strategy. It furthers 

understanding of two important design factors that can influence visual search 

performance and strategies, those of item spacing and the nature of the task 

description. They contribute to a growing body of empirical visual search 

knowledge (e.g. (Cox & Young, 2004; Fu & Pirolli, 2007; Salvucci, 2001) that feeds 

into a number of models and cognitive architectures such as ACT-R (Fleetwood & 

Byrne, 2006), that can help predict the performance of visual displays. 
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CHAPTER 5. CONCLUSION 

The most compelling finding of this study is the extent to which search performance 

and strategy is affected by whether a person is searching for a specific item, or for a 

type of item. Before this study was conducted, it was intuitive to expect that this 

would be the case. What makes it remarkable is the size of the effect identified, the 

fundamental differences in strategies that the data suggest, and the avenues for 

future exploration that this finding uncovers. 

This study aimed to investigate how visual search strategy, performance and 

preferences are affected by variations in search item density and the nature of the 

task description. The approach involved manipulating item density and target word 

description within a study based on a classic visual search experiment. Eye-tracking 

was used in order to provide insight into the strategies used, while a choice/no-

choice paradigm helped establish a more absolute indication of density preference 

than any previous research. 

In investigating pattern vs. semantic searching, it was found that there was a huge 

difference in search performance between the two conditions. Semantic searching 

was found to be more complex, taxing and risky than pattern searching, and this 

necessitated that fundamentally different search strategies be used. In particular, a 

difference in the useful visual radius between the conditions indicated an underlying 

physiological difference in the way that people were able to perceive information in 

the two tasks. 
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With regards to item density, the study provided evidence disputing a previous 

research finding that dense items are searched faster, and a rationale for why the 

results differed. It offered insight into the reasons for a previous surprising finding 

about participants’ adoption of an apparently inefficient search strategy when 

searching mixed density layouts. It suggested that rather than there being a scale of 

preference for denser over sparser layouts, there could be an absolute point of 

spacing above which participants prefer not to search. 

These findings are of use to designers because they are relevant to a range of design 

and usability contexts. They can inform the design of a wide range of visual search 

interfaces across areas such as web, application and mobile development. They are 

of use to researchers because they build directly on and improve upon existing 

research, contributing to a growing body of empirical visual search knowledge. 

They have implications for the careful design of experiments in related areas, and 

point to further potentially fruitful areas of research. 
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APPENDIX – AMENDS TO WORD LIST 

Changes to materials from Tarling’s (2009) study: 

18 category changes: 
• alcohol changed to alcoholic drink 

• auto part changed to car part 
• beverage changed to non-alcoholic drink 

• building changed to public building 
• candy changed to sweet 

• cosmetic changed to cosmetics 
• dairy changed to dairy product 

• landscape changed to landscape feature 
• major appliance changed to home appliance 

• music changed to music genre 
• organ changed to human organ 

• reading changed to reading material 
• reference changed to reference material 

• singing changed to singing voice 
• small appliance changed to small kitchen appliance 
• storm changed to weather 

• surgical instrument changed to surgical equipment 
• writing changed to writing tool 

 

7 word changes: 
• beater changed to steamer 
• faucets changed to taps 

• furnace changed to radio 
• goose changed to piglet 

• jester changed to emperor 
• sink changed to basin 

• tabernacle changed to abbey 
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APPENDIX – SCREENSHOTS OF SOFTWARE 

No-choice trial with semantic description and dense spacing conditions: In (1), 
the participant reads the instructions and clicks ‘Small gap search’ to begin. In (2), 
the words appear and the participant clicks on the target word. In (3), trial time is 
displayed and clicking a ‘Resume’ button moves onto the next trial. 

(1)  (2)  (3)  

Choice trial with pattern description condition: In (4), participants read the 
instructions and click the button at the top to indicate their preferred spacing, upon 
which the list of possible words appears below that button and the other columns 
disappear. 

(4)  


