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ABSTRACT 

In recent years, 3D graphics has become more available for web development with low-level access to graphics hardware and increased 

power of web browsers. With core browsing tasks for users being to quickly scan a website and find what they are looking for, can 3D 

graphics – or depth cues – be used to facilitate these tasks? Therefore, the main focus of this work was to examine user performance on 

websites in terms of visual attention. Previous research on the use of 3D graphics in web design and other graphical interfaces has yielded 

mixed results, but some suggest depth cues might be used to segment a visual scene and improve visual attention. In this work, the main 

question asked was:  How do depth cues affect visual search in a web-based environment? To examine the question, a user study was 

conducted where participants performed a visual search task on four different web-based prototypes with varying depth cues. The findings 

suggest depth cues might have a negative effect by increasing reaction time, but certain cues can improve task completion (hit rate) in text-

rich web environments. It is further elaborated that it might be useful to look at the problem from a more holistic perspective, also 

emphasizing other factors such as visual complexity and prototypicality of websites. 

Keywords: Web design, 3D, Visual search, User performance 

 

SAMMANFATTNING 
3D-grafik har blivit alltmer vanligt för webutveckling i och med den ökande tillgången på avancerad grafisk hårdvara och mer kraftfulla 

web-browsers.  För användare är det viktigt att snabbt kunna få en överblick och hitta det de letar efter på en hemsida, och frågan är om 

3D-grafik – eller antydan till djup – kan användas för att förbättra användares visuella uppmärksamhet. Huvudsyftet i denna studie var att 

undersöka användares prestationsförmåga vid använding av hemsidor med avseende på visuell uppmärksamhet. Tidigare forskning på 3D-

grafik har inte gett ett entydigt resultat, men viss forskning pekar på att antydan till djup kan användas för att förbättra visuell 

uppmärksamhet. Huvudfrågan som ställdes var: Hur påverkar antydan till djup visuell sökning i en web-baserad miljö? För att kunna 

undersöka detta genomfördes en användarstudie där deltagarna fick göra en visuell sökning på fyra olika web-baserade prototyper med 

varierande grad av antydan till djup. Resultatet från användarstudien pekar på att antydan till djup kan ha en negativ påverkan på 

reaktionstiden, men förbättra graden av att uppgiften fullföljs. Denna fråga bör dock ses från ett vidare perspektiv och även fokusera på 

andra faktorer så som visuell komplexitet och prototypikalitet. 

 

Nyckelord: Web design, 3D, Visuell sökning, Användares prestationsförmåga 
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1. INTRODUCTION 
From humble beginnings with simple web pages consisting of 

only Hypertext Markup Language (HTML) in the ‘90s, the web 

has come a long way. Today, three-dimensional (3D) graphics has 

become more available for web development as the web evolves. 

An increasing number of tools such as Cascading Style Sheets 

(CSS), JavaScript and 3D libraries (e.g. three.js) has made the use 

of 3D graphics on the web more accessible than ever [1]. The 

question is, what implications does this have for future web 

design? Can the use of 3D graphics not only enhance user 

experience, but improve user performance as well? 

Both usability and aesthetics are important for good web design, 

and the first impression of a website often determines whether or 

not users will continue to use the site [2][3]. Core browsing tasks 

for users include scanning and to quickly find what they are 

looking for. This, coupled with the importance of first 

impressions, makes it critical to create a web design the user 

quickly understands and is able to use. 

Earlier research has already shown that factors such as text line 

length (with longer line length improving scanning), color 

contrast (higher contrast improving visual attention), visual 

complexity and animations affect user performance on websites 

[2][4][5][6]. Considering this, it seems likely that the use of 3D 

graphics could also have an impact on user performance. 

Although the use of 3D graphics on the web is still at an 

experimental stage, there have been user studies on 3D websites, 

particularly with a focus on how users experience the site (in 

contrast to user performance). Research done on shopping 

websites shows that using three-dimensional environments, in 

contrast to a traditional two-dimensional (2D) design, is 

associated with lower perceived ease of use and lower cognitive 

absorption [7]. A study comparing 2D and 3D products on a 

retailer website reports mixed results, with 3D products often 

having a negative impact on usability, but may have a positive 

effect because of the novelty value [8].  

Several studies have been done on the use of 3D graphics in areas 

related to other graphical interfaces, with varied conclusions. 

Research done on file navigation in a three-dimensional 

environment showed that it can become easier for users to find 

files because of the 3D landmarks, but unfamiliarity with the 

interface can have a negative impact [9]. Further research also 

showed that previous experience with navigation in three-

dimensional environments helps reduce the time it takes for users 

to perform a search task [10]. A study comparing 2D vs 3D 

visualizations in CT colonography found no differences between 

the two in terms of time efficiency [11]. Another study examined 

the difference between 2D and 3D trailhead maps, and found that 

while 3D maps made it easier for the reader to identify their 

position and understand the topography of the environment, 2D 

maps made it easier for the readers to remember place names [12]. 

Furthermore, research showed that 3D representations of 

hierarchical information structures improved performance in a 

spatial memory task compared to a 2D version [13]. 

From the previous research on web design as well as other related 

areas, we can conclude that the use of 3D graphics in various 

interfaces is a complex topic. The advantages and disadvantages 

of 3D graphics depend on several factors and - naturally - on what 

variables are measured. Since much of the previous research done 

on three-dimensionality of websites has been concerned with user 

experience and perceived usefulness, in this work it would be 

interesting to focus on user performance instead. More 



specifically, this study will focus on measuring user performance 

in terms of visual attention, with the motivation that first 

impressions and the users’ initial understanding of a website are 

crucial to good web design. 

The word 3D or three-dimensionality can be used in different 

contexts with slightly different meanings. Therefore, it is 

important to define exactly what is meant within this work, where 

the word depth cue will be used. This will be further elaborated 

on in the next section. 

This paper is structured as follows: in the theory section, relevant 

definitions and frameworks will be presented together with a 

research question. The consecutive section will outline the 

method used for the user study, followed by the results from the 

user study. Lastly, there will be a discussion on the results with a 

short conclusion at the end. 

2. THEORY 
In this section, the term depth cue will be defined together with a 

short introduction of the perception of three-dimensionality. It 

will be followed by a presentation on visual attention and visual 

search. Furthermore, related theoretical frameworks will be 

presented and lastly a research question will be formulated. 

2.1 Depth perception 

2.1.1 Definition of depth cue 
The term depth cue is defined as the illusion of three-

dimensionality perceived by the viewer. In this work, it will 

mainly refer to the illusion of depth that is achieved by utilizing 

different visual cues to make the viewer perceive depth even on a 

flat (2D) surface (e.g. a painting or computer display).  

2.1.2 Perception of three-dimensionality 
Although the world around us extends in three spatial dimensions, 

the image that is formed on the retina of our eyes is indeed flat 

[14]. So, how can we interact with this three-dimensional world if 

our vision is only “two-dimensional”? 

The human brain is constructed to interpret 2D images as three-

dimensional with the help of different depth cues, a process that is 

automatic [14]. These depth cues can be divided into binocular 

cues (using two eyes) and monocular cues (using one eye). The 

majority of monocular cues can also be referred to as pictorial 

cues – which is the term that will be used from now on. An 

example of a binocular cue is stereoscopic vision, which is caused 

by the eyes seeing the same view from slightly different angles 

[14]. This is a technique utilized by for example 3D films. 

 

 

Figure 1. Example of linear perspective used to create a sense 

of depth in an environment. 

 

As stated earlier, there is more to depth perception than just 

binocular cues. Even when viewing the world with only one eye, 

or looking at a flat photograph, we can still perceive depth in the 

scene [14]. This is because the brain is able to infer information 

about the environment from pictorial cues. Examples of pictorial 

cues include occlusion (when one object covers another), linear 

perspective (as illustrated in figure 1) and shading gradients 

(shown in figure 2). 

Pictorial cues used on flat displays does not equate to stereoscopic 

displays or other advanced technologies which utilizes binocular 

cues; the viewer is still aware that he or she is looking at a flat 

surface. However, in depth perception binocular and pictorial cues 

work together, where the most coherent cues are prioritized by the 

viewer [14]. Thus, pictorial cues play an important part in depth 

perception and are interesting to study. 

 

 

 

Figure 2a (above) and 2b (below). Example of using a linear 

gradient as a shadow below an element and as shading on the 

element. Some circles appear to be indented while others stick 

out. 

 

2.2 Visual attention 

“We seem to know only about a tiny bit of 

the world at any time, but we can move 

this little bit around to sample any bit of 

the world we want to.“ [14] 

Whether looking out from a window or at a photograph, the visual 

scenes we view contain large amounts of information that needs to 

be processed. To be able to process and identify different objects 

in a scene, an attentional effort is needed [14].  This ability to 

focus on specific parts in a scene is referred to as visual attention.  

As mentioned in the introduction, it is important for users to be 

quickly able to scan and find what they are looking for on a 

website, which is why visual attention is the main focus in this 

work. Additionally, a recent study shows that visual attention can 

be linked to reading fluency [15], which is important for websites 

which incorporate a large amount of text. 

2.2.1 Visual search 
Visual search is a method widely used for measuring visual 

attention, where the subject has to identify a specific target among 

several distractors [16]. The difficulty of a visual search task can 

vary greatly depending on the type of target and the amount of 

distractors. While performing a visual search, the subject 

generally has poor recollection of what has already been viewed, 

often iterating over the same areas [14].  



Visual search is facilitated by segmenting the scene into different 

regions in order of relevance, and it is possible to segment a scene 

according to depth [14][17][18][19]. Research done on target 

letters on a slanted plane (linear perspective) shows that visual 

search can be facilitated when the target’s depth is known in 

advance [17]. Other research done on a file navigation system, 

also using linear perspective, did not find any differences in target 

detection compared to a 2D version [19]. Further research shows 

that performance in visual search is worse in 3D environments 

compared to 2D [20]. Also interesting to note is that research on 

visual search performed on objects with shadow gradients shows 

that search is faster on linear gradients compared to step gradients 

[21]. 

To summarize, it is difficult to conclude whether or not depth 

cues (mainly linear perspective) can be used to facilitate visual 

search, as previous studies have yielded contrasting results. 

Therefore, it can be argued that the problem addressed in this 

work must be viewed from a more holistic perspective, together 

with relevant web designing principles. 

2.3 Framework for web design 

2.3.1 Kaplan’s theory of environmental preferences 
Kaplan presents a framework for environmental preferences which 

offers insights to both two- and three-dimensional environments 

[22]. This framework has been applied in earlier research related 

to web design [7][23][24]. 

According to Kaplan, humans can be seen as information-seekers 

and environments as information landscapes. Furthermore, the 

interaction between the viewer and environment can be divided 

into two functions: understanding and exploration. 

Understanding refers to the viewer’s ability to make sense of and 

comprehend the scene, while exploration implies the viewer’s 

capability to figure out and learn more about the scene. These two 

functions can in turn be divided into four characteristics: 

coherence, complexity, legibility and mystery (see table 1 for a 

clearer overview) [22]. 

 

Table 1. Kaplan’s preference matrix [3] 

 Understanding Exploration 

2D  (immediate) Coherence Complexity 

3D (inferred) Legibility Mystery 

 

A scene which is high in coherence lets the viewer organize and 

comprehend its structure more easily – the elements seem to hang 

together. In a web context, it can refer to for example coordinated 

colors and texture [23]. Complexity in Kaplan’s framework refers 

to the number of different elements which exist within a scene. 

Legibility refers to the capacity to navigate the scene through 

distinctive landmarks. Lastly, mystery implies that the scene has 

additional information to explore, e.g. incorporating a curved path 

or through occluding part of an object [22].  

According to Kaplan, there is a difference between how two- and 

three-dimensional aspects of a scene are interpreted. The 2D 

aspects: patterns of light and dark, elements and their grouping 

(which correspond to coherence and complexity), are perceived at 

a primary level. On the other hand, 3D aspects include the 

inference of what is deeper into the scene (corresponding to 

legibility and mystery), and take slightly longer to process than the 

2D aspects [22]. 

Kaplan argues that it is easier to achieve coherence in 2D 

representations, and thus a higher level of understanding of the 

environment [22].  

2.3.2 Definition of visual complexity  

The term visual complexity can be difficult to define, but in this 

work it will simply refer to the level of detail contained within an 

image (related to complexity in Kaplan’s framework), and can be 

measured objectively with the help of JPEG compression ratio as 

done in previous research [2][25]. 

High visual complexity has been linked to worse performance in 

visual search on websites [2], and is therefore interesting to 

consider in this work. 

2.3.3 Definition of prototypicality 
Prototypicality can be defined as “the amount of which an object 

is representative of a class of objects” [3].  In the context of web 

design, users build expectations of how a website should look like 

through experience [26]. Thus, in this work, prototypicality will 

refer to how much a website resembles a typical design. 

Research shows that in web design, objects located according to 

user expectation are found faster [26]. Therefore, prototypicality 

will also be an interesting factor to look at. 

2.4 Summary and research question 
The implications of 3D graphics in web design is a seemingly 

complex topic. First, it was necessary to define what exactly is 

meant by 3D in the context of this work. Thus, the term depth cue 

will be used. Secondly, it was necessary to decide what to 

measure when considering effective web design. In this work, 

effects on visual attention will be the main focus. Lastly, since a 

holistic approach would seem beneficial, a framework for looking 

at web design, together with two other important factors (visual 

complexity and prototypicality) will be considered as well. This 

leads up to the main question examined in this study: How do 

depth cues affect visual search in a web-based environment? 

3. METHOD 
In this section, an outline of the method used in this work will be 

presented. First, four prototypes of websites with varying depth 

cues were designed. This was followed by a user study where 

participants performed a visual search task on the prototypes. 

Visual complexity, reaction time and hit rate were measured. 

3.1 Prototypes 
To examine the research question, four prototypes of websites 

with varying depth cues were designed with HTML, CSS and 

JavaScript. To achieve a high level of prototypicality, the overall 

layout of the prototypes were based on one of the largest news 

websites. 

The central aim of the design was to create prototypes that only 

differed in the depth cues used – the other content (e.g. character 

count, font, line-height and number of elements) was kept the 

same. Further details regarding the prototypes will be presented in 

the next section. 

3.2 User study 
The study used a repeated measures design where participants 

performed a text-based visual search task on the four different 

prototypes. The order of the prototypes was randomized, and the 



position of the target word. This method was inspired by earlier 

studies on web design which also incorporated visual search as a 

method [4][5]. 

3.2.1 Participants 
The participants in the user study consisted of 17 students 

recruited from a public university (KTH Royal Institute of 

Technology). Students were deemed to be suitable for this study 

because of the relatively narrow age span, which could affect 

visual perception [14]. The participants were between the ages of 

20-27 with an average age of 24. 47% of the participants were 

female and all of the participants used English as their second 

language. Participation in the user study was voluntary and 

without compensation. 

3.2.2 Experimental setup 
The user study was conducted on a laptop computer with a 15.6" 

LED screen in the web browser Google Chrome. Reaction time 

was measured with JavaScript, which has been deemed suitable to 

use when conducting a visual search task by previous research 

[27]. 

3.2.3 Visual search task 
The visual search task consisted of identifying and clicking on a 

specific target word in a text before a fixed time limit of 120 

seconds. During the search task, hit rate and reaction time was 

measured (defined below). 

3.3 Pilot study 
A pilot study was conducted before the user study to adjust the 

time limit for the visual search task and examine if the instructions 

were clear. After the pilot study was made, the time limit was 

found to be too short and hence prolonged from 90 seconds to 

120 seconds in the user study. 

4. RESULTS 
In this part, the results from the creation of the four prototype 

websites will be presented and evaluated in relation to Kaplan’s 

framework. Visual complexity will be measured and the results 

from the user study will be presented at the end. 

4.1  Design of the prototypes 
Before the user study was conducted, four prototypes were 

created. For the sake of convenience, they will be given the names 

“2D-simple”, “2D-contrast”, “3D-gradient” and “3D-perspective” 

respectively. As previously stated, the prototypes were based on a 

large news website (see figure 3), and thus consisted of several 

elements corresponding to articles (see figure 4). While font, line-

height, character count and color were kept consistent, the depth 

cues of these elements were varied (e.g. a shading gradient was 

applied to the 3D-gradient prototype). 

4.1.1 2D-simple 
The design of the 2D-simple prototype was kept as simple as 

possible, with no distinguishing characteristics between each 

element. This prototype was also the most similar to the original 

website the prototypes were based on, so it can be argued that this 

prototype had the highest prototypicality. 

4.1.2 2D-contrast 
This prototype was similar to the 2D-simple design, except that it 

incorporated a contrasting frame around each element. The 

motivation behind this prototype was to examine whether contrast 

between the elements would affect visual attention, especially 

compared to the 3D-gradient prototype which also included 

contrast (albeit with the use of depth cues). 

 

 

Figure 3. Screenshot of the website the for prototypes where 

based on 

4.1.3 3D-gradient 
The third prototype, the 3D-gradient, was similar to the 2D-

contrast prototype in that it incorporated contrast between the 

elements. The difference was that this design used linear shading 

gradients to create an effect of shadow, and thus, the elements 

were slightly raised from the background. When hovering over an 

element, the gradient was increased slightly to make it look like 

the element was “rising” closer to the viewer, making it more 

prominent and presumably easier to focus on (as shown in figure 

2a). A linear gradient was used in favor over a step gradient, as 

previous research suggests linear gradients have an advantage 

over step gradients in visual search [21]. 

4.1.4 3D-Perspective 
The fourth and last prototype incorporated a linear perspective on 

the elements, a technique not commonly used in websites, and 

thus the layout had to be altered compared to the previous three 

prototypes (see figure 5). This made the 3D-perspective prototype 

have a lower prototypicality compared to the others. The use of 

linear perspective in this design also caused the elements to 

slightly occlude each other. The linear perspective was created 

with CSS 3D transformations, rotating the elements around their 

y-axis by 53 degrees. When hovering over an element, the rotation 

was “reset” at 0 degrees, enabling the viewer to see the contents of 

the element. 

 

 

Figure 4. Schematic view of the 2D-simple, 2D-contrast and 

3D-gradient prototypes. 

 



 

Figure 5. Schematic view of the 3D-perspective prototype, 

which had a different layout compared to the other three 

prototypes. 

 

4.1.5 Prototypes in relation to Kaplan’s framework 
Since all of the prototypes incorporated the same amount of 

elements, and had a consistent use of color, texture and depth cues 

within each design, it can be argued that the coherence and 

complexity were similar among the prototypes. Although, 

according to Kaplan, the 2D versions would theoretically have a 

slightly higher amount of coherence (especially compared to the 

3D-perspective prototype), and thus improve the viewer’s 

understanding [22]. The 3D-perspective, which incorporated 

some occlusion between the elements, would have a higher 

mystery compared to the other three prototypes. 

4.2 Visual complexity  
Visual complexity was measured for the four prototypes by means 

of JPEG compression, a method used in previous research 

[2][25]. The size of screenshots of the prototypes was measured 

after being checked to have the same dimension (1915 x 932 

pixels), as to not affect the file size. The content in the prototypes 

was also kept the same during measurement, to prevent it from 

affecting the outcome. 

The first three prototypes (2D-simple, 2D-contrast and 3D-

gradient) showed to have similar visual complexity of 546, 540 

and 576 kilobytes (KB) respectively, where the 3D-gradient 

prototype was higher by a small amount. This result was expected, 

since all three prototypes were designed to be similar, with the 

3D-gradient being slightly more complex because of the shading 

gradient used. 

The fourth prototype (3D-perspective) had a lower visual 

complexity in terms of compression size (385 KB). This could be 

due to the content and elements in this prototype being more 

condensed and taking up less space compared to the other three 

prototypes. 

 

Figure 6. Visual complexity measured by means of JPEG 

compression size for screenshots of each prototype.  

 

4.3 Loading time 
Loading time for the prototypes was examined. Average loading 

time was measured through 25 trials for each prototype. The 

difference between the fastest and slowest loading prototype was 

11 milliseconds. This showed to be 0.021% of the average 

reaction time across all prototypes and not deemed as affecting the 

results from the user study. 

4.4 Experimental study 
The framework for the user study was set up in the browser 

Google Chrome, starting with a short form where participants 

filled in their gender and age. After completing the form, the 

participants performed a visual search task on the four prototypes. 

If the time limit was exceeded, the participant was automatically 

redirected to the next task. Before each task, a screen with the 

next target word was shown, which doubled as a neutral focusing 

cross between each prototype. 

The time taken to complete each task was measured automatically 

within the framework by JavaScript and recorded to a database 

through PHP, to prevent human error and to possibly make the 

participants feel “less observed”. 

Since the framework was set up in the browser, measures to 

prevent certain actions that could affect the results were taken 

(e.g. preventing key commands such as CTRL+F and tabbing). 

Participants were instructed to scan the text and not read for 

comprehension, and to find the target word as quickly as possible. 

They were also notified about the time limit and that the 

prototypes would switch automatically when the time limit was 

exceeded. Participation in the user study was completely 

voluntary, and participants could withdraw from the study any 

time they wished. 

One participant was excluded from the study because he did not 

realize the prototypes were scrollable and therefore could not find 

the target word. This participant’s data was not included with the 

remaining 17 subjects. 

4.5 Measurements of hits 

4.5.1 Definition of a hit 
A hit is defined as finding and clicking on the target word before 

the time limit of 120 seconds. Hit rate was measured for each task 

on the four prototypes. 

4.5.2 Definition of reaction time 
Reaction time is defined as the time it took for the participant to 

identify and click on the target word if it was counted as a hit (if 

the target word was found before the 120 second time limit). 

4.6 Reaction time and hit rate 
In the 2D-simple prototype, the average reaction time for the 

participants was 48.7 seconds. Reaction time for the 2D-contrast 

prototype was slightly higher, with an average time of 51.2 

seconds. For the 3D-gradient prototype, average reaction time was 

53.5 seconds, higher than both previous prototypes. For the last 

and fourth prototype, the 3D-perspective, average reaction time 

was 59.2 seconds, resulting in the highest reaction time out of all 

the prototypes. Results from the average reaction time measured 

are shown in figure 6 below. 

 



 

Figure 7. Average reaction time for each prototype: 2D-simple, 

2D-contrast, 3D-gradient and 3D-perspective respectively. 

Average hit rate for the prototypes was measured. For the 2D-

simple prototype, average hit rate was 82%. Similarly, average hit 

rate for the 2D-contrast prototype was also 82%. The 3D-gradient 

prototype had a lower hit rate of 76% compared to the previous 

prototypes. Finally, the 3D-perspective prototype had a hit rate of 

100%, which meant that all participants were able to complete the 

visual search task on that design. Results from the average 

reaction time measured are shown in figure 7 below. 

 

 

Figure 8. Average hit rate (percentage) for each prototype. 

 

From these results, we can conclude that the two prototypes 

incorporating depth cues (3D-gradient and 3D-perspective) had 

the highest and second to highest reaction time. Furthermore, one 

of the prototypes with depth cues (3D-gradient) had the lowest hit 

rate. However, it is interesting to note that the 3D-perspective 

prototype had a better hit rate than any other prototype, despite 

having the highest reaction time. It can be argued that the depth 

cues in this prototype had both advantages and disadvantages. On 

the other hand, the 3D-gradient prototype which had the second 

highest reaction time and the worst hit rate seemed to have few 

redeemable qualities. Thus, it could be argued that this design was 

the least effective in this particular study.  

A more in-depth discussion concerning the results from the user 

study will follow in the section below. 

5. DISCUSSION 
With 3D graphics becoming more available for web development, 

it was interesting to examine whether depth cues can be used to 

improve user performance or if they are only “for show”. The 

research question examined was: how do depth cues affect visual 

search in a web-based environment? The results from the user 

study conducted show that reaction time might be increased on 

websites incorporating depth cues. However, certain cues may be 

used to improve task completion (hit rate) and aid visual attention. 

5.1 Results from user study 
The two prototypes without depth cues (2D-simple and 2D-

contrast) yielded quite similar results in terms of visual 

complexity, hit rate and reaction time, with the 2D-contrast 

prototype having a slightly increased reaction time. The 

contrasting frame incorporated in the 2D-contrast prototype 

seemed to have no large effect in terms of the participants’ visual 

attention in this study. It is possible that the frame might have 

yielded a more noticeable effect if the contrast had been even 

stronger or consisted of different colors instead of a neutral grey, 

as shown in previous research [7]. 

Results were different when looking at the 3D-gradient prototype. 

It had a higher visual complexity, higher reaction time and lower 

hit rate compared to the prototypes without depth cues. The 

higher visual complexity might explain the higher reaction time 

and lower hit rate. One other possible explanation could be 

because of the hover animation incorporated into the design. This 

hover effect might have been distracting instead of facilitating 

focus for the viewer. As earlier research suggests, animations can 

affect visual attention negatively, and thus increasing the reaction 

time in visual search [6]. It would be interesting to see if the 

results would have been different without this hover animation. 

One argument in favor of this design, could have been that, 

through the use of depth cues the viewer would be able to 

segment the site and perhaps remember which areas had already 

been searched. However, this did not seem to be the case, as this 

prototype performed worse on all factors measured compared to 

both of the 2D prototypes. 

The 3D-perspective prototype had perhaps the most noticable 

results compared to all the other prototypes, with the highest 

reaction time, but a perfect hit rate. It also had the lowest visual 

complexity out of all the prototypes, which could be a possible 

explanation for the hit rate. A lower visual complexity made it 

easier for participants to focus during the search task, having less 

distractors in the surroundings. This argument is also supported 

by earlier research, which found websites with higher visual 

complexity having a negative effect on visual attention [2]. The 

high reaction time might be explained by the low prototypicality 

of the 3D-perspective prototype. Since linear perspective is not 

commonly utilized in web design, it is possible to assume that the 

participants needed a certain amount of time to get accustomed to 

the layout. It can be argued that, with more familiarity with this 

kind of design (leading to a higher prototypicality), reaction time 

might be improved. Another explanation for the longer reaction 

time could be that the participants had to hover over each element 

to reveal its contents, instead of being able to scan the entire 

website like the previous prototypes. 

At the same time, considering the low prototypicality makes it 

even more striking that the hit rate was 100% for the 3D-

perspective prototype. A possible explanation for the perfect hit 

rate could be that, through the use of occlusion, although all the 

content was not visible, it was still hinted at. This goes together 

with the characteristics of mystery in Kaplan’s framework. In an 

environment with high mystery, further information is alluded to, 

inviting the viewer to explore [22]. It is similar, but not quite the 

same, to the concept of affordance. And perhaps something that 

could be utilized more in web design and other graphical 

interfaces, especially with the advent of both virtual and 

augmented reality, which calls for interfaces that work together 

with their inherent three-dimensional nature. 



The findings from this study seem to go in two directions. On one 

hand, the prototypes without any depth cues had the fastest 

reaction time. This suggests that it is better to use a more 

prototypical and “simple” web design without any depth cues. On 

the other hand, by using linear perspective in the design, content 

can be condensed into a smaller area, thus lowering the visual 

complexity and possibly improve the hit rate in visual search. 

However, the use of depth cues in the form of shading gradients to 

make elements seem at different depths on the screen had 

seemingly no advantages in this study. This suggests that merely 

the inclusion of depth cues in web design does not have any 

advantages – it is how they are utilized that is important.  

To summarize, several factors affects visual attention in web 

design. It is only when considering all these factors (or as many as 

possible) that an effective design can be obtained. By recognizing 

how the use of depth cues affects complexity, prototypicality, 

coherence, legibility and mystery, we can start to create websites 

conciously and according to our intent. 

5.1.1 Contrasts compared to previous studies 
Previous research has shown that a higher visual complexity in 

websites lead to increased reaction time in visual search [2]. 

However, this was not exactly the case in this study, where the 

prototype with lowest visual complexity yielded the highest 

reaction time. In this instance, low prototypicality might have 

been a deciding factor over visual complexity. The search task 

conducted in this study was arguably harder than in the other 

research related to, and might also have affected the results. 

5.2 Critique 
Although measures were taken to make the four prototypes as 

similar as possible in terms of font usage, line-height, color and 

character count, the use of hover animations was not considered 

prior to the experiment. Thus, the hover animation used in the 3D-

gradient prototype might have affected the results negatively. 

However, it is possible to argue that movement and animations 

can be considered an inherent component in anything three-

dimensional. A solution could have been to test two different 

versions of the 3D-gradient prototype – one with the hover 

animation, and one without. 

For the purpose of this study, the depth cues were tested in 

isolation and thus, it is not possible to tell how they would work 

when combined, as they would be in a fully three-dimensional 

environment. Therefore, the results from this study would be of 

limited use for such web design. 

It would have been of interest to test even more types of depth 

cues, such as texture gradients, focus blur and aerial perspective. 

Other prototypes were considered during the design phase, but it 

was concluded that many of those designs would feel contrived 

and not able to be measured on an equal standing with the rest of 

the prototypes in this particular study. However, designs trying to 

incorporate those kinds of depth cues are encouraged for aspiring 

web designers. 

The method of using JPEG compression to measure visual 

complexity could be critiqued as well. Although it has been a 

common method in previous studies, it is suggested that other 

ways of measuring visual complexity could be more reliable [28]. 

While the prototypes were designed to resemble an authentic 

website, the visual search task itself might not have been the most 

natural user interaction. In this study, the search task consisted of 

finding a specific target word in a text, which may not the most 

typical interaction when browsing. In a more natural approach 

users would search for a specific link or button instead. This is 

especially important when considering that modern web design 

tends to include more media content with heavy usage of images 

and videos. One might hope though, that at least a small amount 

of text content will remain even in the future of the web. 

Even though the participants were instructed to scan and not read 

for comprehension during the visual search task, it is not possible 

to know whether they followed these instructions or not. If some 

participants were indeed reading instead of scanning, this could 

have affected the reaction time negatively. 

Although the purpose of this study was to examine how depth 

cues affect visual attention in a visual search task, it would have 

also been interesting to see how it could have affected navigation 

and spatial memory of the participants. It would have given 

further insights into the problem regarding the usage of 3D 

graphics, not only on the web, but in other graphical interfaces as 

well. Therefore, the results from this study can only be applied to 

a limited area. 

5.3 Future research 
Following the reasoning from the previous paragraph, it would be 

interesting to see how depth cues impact navigation on websites. 

As presented in the framework of Kaplan, a more three-

dimensional environment could potentially lead to higher 

legibility, and facilitate navigation through distinct landmarks 

[22]. Another potential advantage of depth cues could be on 

spatial memory, as suggested by earlier research done on an 

interface using linear perspective and shading gradients [13]. It 

would also be interesting to study how the use of depth cues affect 

viewers’ gaze through eye tracking. Then it would be possible to 

examine whether viewers are more likely to return to search the 

same areas again, or if depth cues could help them remember 

which areas have already been searched. 

As previously stated, future research could focus on the usage of 

other kinds of depth cues. Both in this study and other related 

research, the majority of the designs have incorporated either 

linear perspective or shading gradients. It should also be noted 

that, although this was not the purpose of this study, the use of 

depth cues have an immense potential in the area of user 

experience (UX) design. 

6. CONCLUSION 
The results from the user study suggest depth cues in web design 

have both advantages and disadvantages. Depth cues might have a 

negative effect on visual attention in terms of reaction time in 

visual search. However, certain cues such as perspective lines may 

be utilized to decrease visual complexity and improve hit rate. It 

can be argued that increased familiarity with such design would 

have a positive effect on visual attention because of the increased 

prototypicality. Therefore, it is important to have a holistic 

perspective when approaching web design, considering the 

importance of visual complexity, prototypicality, coherence, 

legibility and mystery in addition to the usage of depth cues. 

If used consciously, 3D graphics on the web and in other 

graphical interfaces can provide a whole new dimension of 

possibilities – naturally. 
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