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ABSTRACT 

Space-filling techniques have been used in the information visualization field as an alternative to the 
conventional node-link layouts for intuitively showing large hierarchies in less space. Different space 
filling layouts have been designed, developed and evaluated; however, much less effort have been made 

to look into how layout can impact user task performance on hierarchical data structures. In this paper, 
we focus on the impact of layout on user task performance by conducting evaluation studies for two 
common space-filling layout structures, the Sunburst (radial) layout and the Icicle (rectangular) layout. 
In our studies, users performed eight search-based tasks on files and directories in the resulting 
visualizations, first in a controlled environment and subsequently in an online environment. We focused 
on deriving user performance metrics with regard to effectiveness, efficiency, and user acceptance. 
Results demonstrate a mixed view of task performance and preference with both layouts, e.g., users 
performed better with the Icicle layout while they preferred the Sunburst layout for visual aesthetics. We 
further analyzed the impact of layout on the performance dynamics in terms of response times and 
accuracy using event history analysis (EHA) in the control study setting. The EHA results revealed clear 
differences in response tendencies even though no differences existed in mean response times for most of 
the tasks. It also clearly showed that participants performed more efficiently with the directory 
comparison tasks than the file comparison tasks. Overall, through these studies we were able to derive 
causal relationships between the layout and the user’s task performance while interacting with 
hierarchical data structures.  
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1. INTRODUCTION 

In the case of visualizing hierarchical data, one of the main concerns is to represent large tree 

data structures in a limited visual display area. Therefore, many techniques have been 

proposed in the state-of-the-art literature to visualize this kind of data using different 

representation forms such as tabular, textual, node-link diagrams, or space-filling techniques 

[11, 12, 24, 25]. The differences in these tree visualization techniques lead to perceiving them 

differently by different viewers due to the variations in their cognitive abilities. For example, 

finding the root of the tree is considered as the initial task to understand this representation 
structure. However, tree visual representations make this simple task quite challenging for the 

non-expert viewers. For example, the root is assumed to be in the center of the radial tree 

layout but in the case of large tree sizes, high number of edges between the tree levels makes it 

difficult to find the root for many non-expert users. 

Most of the tree drawing algorithms utilize edges between the nodes to show the  

parent-child relation. This can lead to the problem of overlapping for large tree sizes. To deal 

with such a problem, different space-filling visualization techniques (e.g., the Tree-map 

layout, the Sunburst layout, or the Icicle layout [12, 25]) have been proposed to produce 

compact representations for large tree sizes. Such techniques were designed using geometrical 

features and solid areas to depict hierarchical structures. More specifically, these space-filling 

visualization techniques resulted in three different space-filling methods: the rectangular 

(TreeMap), the Icicle, and the circular (Sunburst). Nowadays, these techniques are especially 
popular for visualizing large trees to represent software systems, social networks of large 

communities, etc. Therefore, it is critical to understand how users perceive the different  

space-filling approaches in regard to accuracy, efficiency, and acceptance in order to utilize 

them efficiently and effectively. 

Keeping this goal in mind, we performed user evaluation studies on the two selected 

space-filling visualization layouts (i.e., the Sunburst lay and the Icicle layout) to assess user 

task performance while interacting with a hierarchical data structure in terms of accuracy and 

efficiency. Users performed eight tasks on the visualizations representing the hierarchical 

structure of a software system. The first user study was executed in a controlled laboratory 

setting while the second user study was executed in an online setting. In the controlled 

laboratory setting, we also collected user acceptance feedback using closed-ended and  
open-ended questionnaire forms. In the online setting, we collected user rating regarding their 

preferred layout between the two visualization layouts.  

Results from the both studies demonstrate a mixed view of task performance and 

preference with both layouts, e.g., users performed better with the Icicle layout while they 

preferred the Sunburst layout for visual aesthetics. We further analyzed the impact of layout 

on the performance dynamics in terms of response times and accuracy using event history 

analysis (EHA) in the control study setting. The EHA results revealed clear differences in 

response tendencies even though no differences existed in mean response times for most of the 

tasks. It also clearly showed that participants performed more efficiently with the directory 

comparison tasks than the file comparison tasks. Overall, through these studies we were able 

to derive causal relationships between the layout and the user’s task performance while 
interacting with hierarchical data structures. The results of both studies would help the 

researchers and practitioners in selecting one of the options of space-filling visualization 

techniques that would suit their specific needs.  
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The remainder of the paper is structured as follows: In Section 2, we briefly provide the 

related work. In Section 3, we highlight the software structure and explain the two research 

experiment settings. In Section 4, first we provide results of the both conducted studies in the 

terms of accuracy, efficiency, and user acceptance, then we explain the event history analysis 
results, followed by general findings. Finally, we conclude the paper and highlight the future 

directions in Section 5. 

2. RELATED WORK 

Hierarchical information structures are one of the commonly used information structures [26]. 
Information structures such as family trees, building plans, computer directory structures, 
museum information, art galleries, libraries, or cataloging are normally represented as 
hierarchical data structures [12, 24]. The need for visualization for depicting hierarchical 
information was motivated by early computing challenges of visualization of large scale data 
structures stored in hard drives [12]. Johnson and Schneiderman [12] showed a TreeMap 
visualization layout in their study that maps hierarchical information structure to a 2-D space 
filling rectangular display while utilizing 100 percent of the available area. They also 
highlighted the importance of TreeMap over traditional tree drawing techniques such as lists, 
outlines, and graph trees, which were suitable for small hierarchies but failed in depicting 
large scale hierarchies [12]. Turo and Johnson [26] presented TreeMap in two different ways, 
i.e., the Top-Down and the Slice and Dice. While the top-down TreeMap method preserved 
traditional tree diagram convention fostering comparative analysis, it failed in depicting large 
scale hierarchical data [26]. The slice and dice TreeMap was beneficial for efficiently 
displaying large scale hierarchies; however, it recursively partitioned in both the dimensions 
[26]. They further performed an empirical evaluation of the TreeMap algorithm by comparing 
it with UNIX for carrying out directory browsing tasks [24, 26]. Results of the evaluation 
study favored UNIX; however, the authors attributed the difference due to expert UNIX 
participants. Stasko et al. [24] later conducted an evaluation study for space filling 
visualization tools for depicting hierarchical data structures by examining two methods of 
space filling, i.e., TreeMap (rectangular) and Sunburst (radial). In their evaluation study, 
results favored the Sunburst layout in the case of performance. While González-Torres et al. 
[8, 9] investigated how users perceive various visualization techniques to depict large scale 
hierarchical information structures by performing various tasks applicable to the evolution of 
large scale software files and directory structures. Recently, AlTarawneh and Humayoun [4] 
provided enhancements for the Sunburst layout in order to show the overall software system 
structure and the inside details in a compact visual form. They also provided the initial 
findings of their preliminary user evaluation study. Finally, AlTarawneh et al. [5] proposed 
some optimization solutions and interaction options for the Sunburst visualization layout to 
make it appropriate for mobile devices. They performed a user evaluation study with 15 
participants to get their feedback regarding the influence of adding the colorization styles to 
convey the hierarchy clearly. 
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3. THE EVALUATION STUDIES 

It is essential that the visual designs agree with the cognitive framework supporting UI 

dimensions for intuitive interaction [1, 8]. Also, it is important to understand that a cognitive 

study is necessary to reduce the gaps between the UI and the system [1]. Therefore, support 

for cognitive based design is inevitable [8]. This helps in more effortless recall, search, and 

browse functions of UI dimensions as it is easier to learn and is more satisfying [6, 13, 18]. In 

our studies, we aimed at studying the impact of visual layout on user task performance in 

terms of accuracy, efficiency and acceptance. Visual layouts are important elements of visual 
hierarchy and play a crucial role in task selection and execution during search and scan 

processes of interaction. In the following subsections, we explain our experimental design and 

settings. 

3.1 The Two Experiments Settings 

We used the software structure hierarchy of the RAVON [8] robot in the visualizations central 

in our studies. The RAVON software system contains four main packages (i.e., libraries, 

projects, tools, and others), where each package contains a group of sub-packages except the 

“other” package as it consists of less than 0.6% of the RAVON software system. The 

“libraries” package is the largest one (approximately 55.7%) in the RAVON software system, 

followed by the “projects” package (approximately 33.1%), and the “tools” package 

(approximately 10.7%). In total, RAVON has 3152 software files and are characterized by 

three extensions (i.e., “.cpp”, “.h”, and “.hpp”). Each one of these files represents a leaf node 

in the hierarchy. Further, the RAVON software files are divided by their levels with a 

maximum level is of six degrees.  

Figure 1 shows the resulting Sunburst and Icicle visualizations of the RAVON software 

structure hierarchy, which were developed using the  D31 library. The color scheme in both 
visualizations were inspired from the work of AlTarawneh et al. in [4, 5]. The visualizations 

were positioned in the central portion of the screen, whereas the activity questionnaire for 

users to solve tasks appears in the frame on the left side of the screen. Also, the labelling 

scheme providing contextual information to the user appears at the top of the screen. 

The experiment was a between-subject design, where half of the randomly selected 

participants performed the tasks with the help of the Sunburst visualization and the other half 

with the Icicle visualization. We conducted the experiment based on two evaluation settings. 

The first was a controlled laboratory setting where the moderators were present to note down 

the data and to answer the questions in case of any difficulties faced by the participants. Figure 

2 shows the controlled experiment setup in the lab environment. The second was an online 

study setting conducted by hosting the website online via an FTP server. The webpage links 
for both Sunburst and Icicle were shared through emails, blogs, and social media. In this 

evaluation setting, the experiment was performed without any moderators. 

 

                                                
1
 D3 Data-Driven Documents: http://d3js.org/ 
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Figure 1. Sunburst (left) and Icicle (right) with activity questionnaires for the participants on the left 

frame in both visualization tools 

 

Figure 2. Participants performing in the controlled experiment 

3.2 Tasks and Hypotheses 

A set of 8 activity tasks were designed to extract user performance measurements from both 

visualization layouts. In both evaluation settings, participants were asked to complete the 

following 8 tasks:  

1. Identify the largest directory in the hierarchy  

2. Identify the largest file in the libraries directory  

3. Identify the second largest directory in the hierarchy  

4. Identify the second largest file in the projects directory  

5. Identify the deepest subdirectory of the directory “/libraries/stereo_vision”  

6. Compare the directories “/projects/ravon/control/” and “/projects/ravon/navigator/”. 

Which one is the larger one?  
7. Compare the directories “/projects/ravon/obstacle_detection/” and 

“/projects/ravon/navigator/”. Which one has more files?  

8. Which directory has the least amount of levels?  

At the end of the lab study, participants were asked to give their feedback regarding their 

acceptance level using a closed-ended questionnaire form using a Likert-scale and an  

open-ended questionnaire form. In the case of the online study, participants were asked at the 

end of the test to rate their preferred visualization layout.  

In the study by Stasko et al. [25], the authors found a preference for and a higher 

subjective opinion of the Sunburst visualization layout in comparison to the TreeMap 

visualization layout. In terms of perception of symmetry, we believe that the Sunburst with a 
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radial layout is more symmetric and hence visually aesthetic. However, the rectangular layout 

of the Icicle layout supports the top-down viewing hierarchy; therefore, we hypothesize that 

the top-down viewing preference lets the participants execute the task more accurately. 

Further, since the Icicle layout follows the conventional tree structures; therefore, we assume 
that the visual hierarchy and the linear navigation of the rectangular display layout (i.e., Icicle 

in our case) will support participants in executing tasks more quickly. Based on these 

assumptions, we formulated the following set of hypotheses: 

 

1. Hypothesis 1:   

Accuracy (Icicle Layout) >= Accuracy (Sunburst Layout) 

2. Hypothesis 2:   

Efficiency (Icicle Layout) >= Efficiency (Sunburst Layout) 

3. Hypothesis 3:   

User Acceptance (Sunburst Layout) >= User Acceptance (Icicle Layout) 

3.3 Participants 

Participants were divided into two separate groups with each group performing tasks on one 

visualization (either Sunburst or Icicle). Four participants performed the pilot study. In the 

case of the lab experiment, 36 participants (10 females and 26 males) took part with a mean 

age of 27.09 years (range 24 – 32 years). Most of the participants were students with different 

cultural and educational backgrounds. All the participants who performed the experiment were 
familiar with the notion of files and directories, but interaction with interactive visualization 

layouts like Sunburst and Icicle were new to them. In the online study, 59 participants  

(21 females and 38 males) took part. We randomly assigned the participants to one of the 

underlying visualizations to avoid any influence of demographic differences. Here, the 

participants’ mean age was 27.96 years (range: 18 years – 51 years), with Sunburst having a 

mean age of 27.54 years (range: 18 years – 51 years, SD: 6.74 years) and Icicle a mean age of 

28.32 years (range: 21 years – 38 years, SD: 4.50 years). 

4. RESULTS AND DISCUSSION 

In this section, we describe the results of the controlled lab study and the online evaluation 

study for the Sunburst layout (SB) and the Icicle layout (IC). First, we focus on the 

comparison of these two layouts in terms of accuracy, efficiency, and user acceptance. Then 

we explain the Event History Analysis (EHA) results on the response times and accuracy data 

to study the impact of layout on the temporal dynamics of user performance for each task. 

Finally, we discuss our overall findings. 

4.1 Results of Accuracy, Efficiency, and User Acceptance 

The average accuracy obtained from the controlled, online, and combined cases are 

represented in Table 1 and Figure 3. Data for accuracy results was tested for normality using 

the Shapiro-Wilk test statistic (SB: w=0.88, IC: w=0.97) for the average task scores obtained 

from each task when combined for both control as well as the online study. The results were 
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then tested using the t-test for the reliable differences. The results show that users tend to be 

more accurate with the Icicle layout (IC) than the Sunburst (SB) layout. In the controlled 

study, the difference was closely significant using the t-test (IC=87%, SB=70%, and p=0.07). 

In the online study, the difference was not significant (IC=79%, SB=75%, and p=0.74). 
Additionally, the difference was also not significant when both cases were combined for 

average accuracies (IC=83%, SB=73%, and p=0.22). Overall, although, there were no 

significant differences, there seemed to be a higher accuracy trend using the Icicle layout than 

the Sunburst layout as shown in Figure 3.  

Table 1. Participants’ accuracy results in both studies as well as the combined results. 

 

Layout 

Tasks ID 

1 2 3 4 5 6 7 8 Average 

 Controlled Lab Study 

Sunburst  0.88 0.50 1.00 0.16 0.77 0.94 1.00 0.33 0.70 

Icicle 0.94 0.61 0.94 0.77 0.94 1.00 1.00 0.77 0.87 

 Online Study 

Sunburst 0.88 0.60 0.92 0.24 0.76 0.88 1.00 0.80 0.75 

Icicle 0.74 0.77 0.77 0.70 0.85 0.96 0.74 0.77 0.79 

 Average Results of Both Studies 

Sunburst 0.88 0.55 0.96 0.20 0.77 0.91 1.00 0.57 0.73 

Icicle 0.84 0.69 0.86 0.74 0.90 0.98 0.87 0.77 0.83 

 

 

Figure 3. Participants’ accuracy results in both studies as well as the combined results 

The average efficiency results from the controlled, online and combined cases were 

measured as the average time taken to correctly completing the tasks and are shown in Table 2 
and Figure 4. Because of varying complexity of each task, the average time of completion 

differs between the tasks. Data was tested for normality using the Shapiro-Wilk test statistic 

for the controlled lab study (SB: w=0.94, IC: w=0.87) and was found to be normally 

distributed. The average results were then tested using the t-test for the reliable differences. 

The results trend show that users tend to be quicker with the Icicle layout (IC) than the 

Sunburst (SB) layout. All the differences in average scores were closely significant with the  

t-test. In the controlled study, participants on average were quicker to complete the tasks with 

the Icicle layout (IC=43.67s, SB=55.17s, and p=0.11). In the online study, participants on 

average were quicker to complete all the tasks with the Icicle layout (IC=48.81s, SB=123.56s, 

and p=0.12). Furthermore, by combining both the results, participants on average were quicker 

to complete all the tasks with the Icicle Layout (IC=46.24s, SB=89.37s, and p=0.10). 
Although, there were no real significant differences; however, there seemed to be a higher 

efficiency trend using the Icicle layout than the Sunburst layout as shown in Figure 4. 
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Table 2. Participants’ efficiency in seconds in both studies as well as the combined result 

 

Layout 

Tasks ID 

1 2 3 4 5 6 7 8 Average 

 Controlled Lab Study 

Sunburst 32.56 85.33 18.94 109 67.57 59.88 43.56 24.5 55.17 

Icicle 19.06 96 23.11 62 58.23 34.06 37.56 19.36 43.67 

 Online Study 

Sunburst 54.55 252 23.48 420 88.42 60 48 42 123.56 

Icicle 39 88.57 22.86 75.79 57.39 30 54 22.86 48.81 

 Average Results of Both Studies 

Sunburst 43.56 168.67 21.20 264.50 78 59.94 45.78 33.25 89.37 

Icicle 29.03 92.29 22.99 68.90 57.81 32.03 45.78 21.11 46.24 

 

 

Figure 4. Participants’ efficiency results in seconds in both studies as well as the combined results 

In the controlled study, we asked 13 questions in the closed-ended questionnaire form  
(see Table 3) in order to know the participants’ subjective preference for various features of 

the underlying visualizations. The table shows the frequencies with which each Likert score 

was selected by the participants. None of the differences were significant. However, there was 

a marginal difference in average satisfaction rating in the controlled study in favor the 

Sunburst layout. 

In the online study, only one question was used to study the participants’ acceptance. The 

difference in frequency means was found to be highly significant with a higher preference for 

the Sunburst layout, with 3.8 vs 3.1 and p-value of 0.0394. Table 4 shows the results of the 

online study. 

In both studies, the number of positive responses on the Likert scale (count of 4s and 5s) 

were higher with the Sunburst layout compared to the Icicle layout. Additionally, this was also 

evident from the open-ended feedback from the participants, as they provided more positive 
feedback for the Sunburst layout compared to the Icicle layout. 
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Table 3. Participants’ acceptance feedback in closed-ended questionnaire form in the controlled lab study 

 

Table 4. Participants’ acceptance feedback in closed-ended questionnaire form in the online study 

 

4.2 Results of Event History Analysis 

We performed the Event History Analysis (EHA) on the response times (RT) and accuracy 

data in order to study the impact of layout on the temporal dynamics of user performance for 

each task. Event history analysis is the standard distributional method for analyzing  

time-to-event data in many scientific disciplines. It is also known as survival, hazard, duration, 

failure-time, or transition analysis [2, 3, 10, 16, 17, 19, 20, 22, 23].  
It is assumed that for each time point from the onset of the task, for each trial by each 

participant, there is a tendency or risk for the event (here, a response) to occur. The function 

relating this likelihood of response occurrence with the passage of time is known as the 

continuous-time hazard function of the response occurrence [7, 15]. 

In this study, we applied discrete-time (descriptive and inferential) methods [3, 20, 23, 27]. 

We divided the first 80 seconds beginning from task-onset into 8 time bins of 10 seconds each 

(i.e., (0,10], (10,20], (20,30], ... , (70,80] indexed by t = 1, 2, 3, ..., 8), and then estimated the 

discrete-time hazard function of response occurrence, h(t): 

h(t) = P(T = t | T ≥ t) 

Here, T ≥ t denotes the event that the response did not occur before the start of time bin t. 

Thus, this conditional probability function gives each bin t the conditional probability of a 

response occurrence sometime during bin t, given that the response has not yet occurred in any 

Questions
SUNBURST ICICLE

1 2 3 4 5 Don't	
Know

Median 1 2 3 4 5 Don't	
Know

Median

1.	I	was	able	to	compare	the	sizes	of	files	using	the	labeling	system. 0 3 3 7 5 0 4 0 2 4 5 7 0 4

2.	I	was	able	to	figure	out	the	largest	file	using	the	labeling	system. 1 1 4 3 9 0 4.5 0 1 2 8 6 0 4

3.	I	was	able	to	figure	out	the	largest	file	using	the	size	of	the	node. 1 2 4 5 6 0 4 0 1 5 5 7 0 4

4.	I	was	able	to	figure	out	which	subdirectories	were	inside	another	directory	
using	Sunburst.

0 2 3 6 7 0 4 0 1 1 12 4 0 4

5.	The	coloring	scheme	was	helpful	while	searching	a	particular	file 2 0 3 5 8 0 4 2 4 1 3 6 2 4

6.	The	labeling	system	was	helpful	while	searching	for	a	particular	file 0 4 4 6 4 0 4 0 2 5 5 6 0 4

7.	The	coloring	scheme	was	helpful	while	searching	for	a	particular	directory 0 2 4 5 7 0 4 2 3 4 4 5 0 3.5

8.	The	labeling	system	was	helpful	while	searching	for	a	particular	directory. 0 2 2 10 4 0 4 0 2 2 7 7 0 4

9. After	completing	the	tasks,	I	now	know	how	to	use	Sunburst	well. 0 2 2 8 6 0 4 0 2 5 6 5 0 4

10.	There	are	definitely	times	that	I	would	like	to	use	Sunburst. 2 1 4 8 3 0 4 0 0 9 7 2 0 3.5

11.	I	found	the	tool	to	be	confusing	to	use. 1 10 3 1 3 0 2 3 5 5 5 0 0 3

12.	Overall,	I	liked the	tool. 0 2 3 11 2 0 4 0 2 5 9 2 0 4

13. I	would	like	to	use	the	tool	to	visualize	my	own	hierarchical	data. 0 4 4 8 2 0 4 0 8 2 7 1 0 3

Visualization
How	was	the	interaction	with	the	tool	?

1 2 3 4 5
Don't	
Know

Median Mean

Sunburst 1 2 6 12 7 3 4 3.79

Icicle 4 7 8 6 6 0 3 3.10
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previous time bin (t-1, t-2, ..., 1). The estimate is obtained by dividing the number of events by 

the risk set for each bin (see Table 5). 

The survivor function, S(t), expresses the probability that the response has not yet occurred 

by the time bin t is completed. It is the joint probability that the response has not occurred in 
any of the bins prior to and including t: 

S(t) = P(T > t) = [1 - h(t)] · [1 - h(t-1)] · [1 - h(t-2)] · ... · [1 - h(1)] 

Finally, P(t) = P(T = t) indicates the unconditional probability that the response occurs in 

time bin t. Plotting P(t) over time t gives the (sub)probability mass function of response 

occurrence. The estimate of P(t) is obtained by dividing the number of events in each bin by 

the maximal risk set (i.e., 18; see Table 5). In Table 5 we illustrate the calculation of these 

functions for one condition (i.e.: Sunburst, Task 1). 

Table 5. Life table for the condition of the Sunburst layout in Task 1 in the control study setting 

T #censored #events Risk Set h(t) S(t) P(t) Ca(t) 

1 0 1 18 0.06 0.94 0.06 1.00 

2 0 4 17 0.24 0.72 0.22 0.75 

3 0 6 13 0.46 0.39 0.33 0.83 

4 0 3 7 0.43 0.22 0.17 1.00 

5 0 3 4 0.75 0.06 0.17 1.00 

6 0 0 1 0.00 0.06 0.00 NA 

1 0 1 18 0.06 0.94 0.06 1.00 

2 0 4 17 0.24 0.72 0.22 0.75 

 

In the study we have two event types of interest: correct and incorrect responses. We 

cannot simply estimate the hazard functions for correct and incorrect responses separately, 

because these two events cannot be assumed to be independent of each other [19]. Therefore, 

we take the conditional-processes approach by extending the h(t) analysis of response 

occurrence with the analysis of conditional accuracy [3]. By combining the hazard function 
with a conditional accuracy function, we can provide an unbiased, time-varying, and 

probabilistic description of the latency and accuracy of responses. First, we estimate h(t) of 

response occurrence regardless of response accuracy, to study whether and when responses 

occur. For each time bin t, the sample-based estimate of h(t) is obtained by dividing the total 

number of observed responses in bin t by the risk set for bin t. The risk set equals the total 

number of trials that are response-free in all time bins earlier than t and are thus still eligible to 

experience the response. Second, once we know probabilistically whether and when responses 

occur, we estimate the conditional accuracy function of observed responses, ca(t): 

ca(t) = P(response correct | T = t) 

Here, ca(t) provides the conditional probability that a response is correct given that it 

occurs sometime during bin t. The conditional accuracy, ca(t), is obtained by dividing the 
number of correct responses observed during bin t by the total number of observed responses 

in bin t. In conclusion, we took the following metrics into account for analyzing our time-to-

event data: 

1. Hazard function 

2. Survival function  

3. (Sub) probability mass function  

4. Conditional accuracy 
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In Figures 5 and 6, we plot these sample-based functions for each task in the control study. 

For example, given that no response has occurred during the first 10 seconds in the Icicle 

layout of Task 1, there is a hazard probability of about 0.5 that the response is going to occur 

in bin (10, 20] (see Figure 5, upper left plot, bin endpoint 20); and given that a response occurs 
in this condition in bin (10, 20] it is estimated to be correct 100 percent of the time (see Figure 

5, lower left plot, bin endpoint 20). 

 

 

Figure 5. Sample-based descriptive statistics for Tasks 1 to 4 in the control study setting. Hazard 
estimates h(t), survival estimates S(t), (sub)probability mass estimates P(t), and conditional accuracy 

estimates ca(t) for the both layouts are presented in rows 1, 2, 3, and 4 respectively 

More generally, the hazard and conditional accuracy functions show that for Tasks 1, 4, 5, 

6, 7 and 8, there are more early responses for the Icicle layout compared to the Sunburst 

layout, and that when such an early response occurs, it tends to be more often correct for the 

Icicle layout compared to the Sunburst layout. 

For Task 2 we observe a positive hazard for the Sunburst layout in bin (20, 30] but when a 

response occurs in bin (20, 30] it is estimated to be correct only 20 percent of the time. For 
later bins, hazard is higher for the Icicle layout and these later responses are more often correct 

for the Icicle layout compared to the Sunburst layout. For Task 3, hazard is higher for the 

Sunburst layout, but no differences in conditional accuracy are observed. In other words, with 

both layouts correct responses were given before 80 seconds after task onset. Interestingly, for 

Tasks 1, 4, 6, and 8 we see that early responses are less accurate for the Sunburst layout 

compared to the Icicle layout. 
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One of the advantages of using EHA is that it takes into account right-censored 

observations, in contrast to mean RT performance measures. For example, for Tasks 1, 2, 3, 5, 

and 7 we observed no differences in mean RT, but clear differences between the hazard 

functions of both layouts. We also noticed that for Tasks 1, 3, and 8 people were very fast, 
while in Tasks 2 and 4 people were very slow (regardless of layout). This indicates that tasks 

involving directory comparisons can be performed faster (refer to ca(t) plots for the tasks in 

Figures 5 and 6) than tasks involving file comparisons. The data for the online study setting 

was not analyzed using EHA because the time measurements were too unreliable.  

 

 

Figure 6. Sample-based descriptive statistics for Tasks 5 to 8 in the control study setting. Hazard 

estimates h(t), survival estimates S(t), (sub)probability mass estimates P(t), and conditional accuracy 
estimates ca(t) for the both layouts are presented in rows 1, 2, 3, and 4 respectively 

4.3 Discussion 

Earlier, we hypothesized that the participants will show better performance with the new Icicle 

layout for effectiveness and efficiency metrics. Our results support these hypotheses.  

To summarize, we first conducted our study under the controlled study setting followed by 

the online study setting. In both study settings, we compared two groups, with either the 

Sunburst layout or the Icicle layout. The data for the controlled setting were obtained through 

a lab experiment, while those for the online setting were obtained through online forms. We 

used two different research methodologies to analyze the data: the comparison of mean RT 

and mean accuracy using standard t-test, and the event history analysis. The mean accuracy 
and the response time measures showed a trend that favored the Icicle layout. The subjective 
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questionnaire responses showed a strong preference for the Sunburst layout in both settings, 

the controlled and the online. The event history analysis showed that participants were not 

only quick to respond in most of the tasks with the Icicle layout but also that they were 

accurate. The analysis also showed that for the two tasks, when participants responded quicker 
with the Sunburst layout, there was a low probability for the answers to be accurate. This 

finding suggests that not only were the participants slower in most of the tasks with the 

Sunburst layout, but they were also inaccurate when responding quickly. Furthermore, through 

the hazard plots we were able to show that participants were slower with those tasks that 

involved file comparisons (for example Tasks 2 and 4). Similarly, we also showed that 

participants were quicker with the directory-based comparison tasks (for example Tasks 1, 3, 

and 8). 

From the subjective responses for the layout preference, we observed that the participants 

preferred the Sunburst layout over the Icicle layout; although participants were faster and 

more accurate with the Icicle layout. While we are unsure of the reason, we can say that the 

participants’ preference for a particular layout is independent from their performance while 
they were working on it. As predicted in past research studies, we hypothesized that user 

acceptance for the Sunburst layout will be greater than the Icicle layout. In our study, we 

replicated this finding in both controlled and online study settings (refer to Table 3 and 4). 

However, the difference was clearer in the case of the online study setting. One possible 

reason for such a clear difference in the online study setting could be because of the user 

friendly environment, as it is more convenient for the participants to interact and provide 

ratings in their own preferred environment. In the controlled setting, this is not the case, as 

participants were more likely to give ratings under the controlled supervision of one or more 

moderators in the laboratory setting.  

Overall, we successfully showed how layout impacts user performance. Using the different 

analysis approaches, we showed different perspectives on the same data. By using the event 

history analysis approach, we were able to conclude that measuring only means and 
comparing them between groups may not provide the detailed information we require for 

evaluation studies. 

5. CONCLUSION 

In our studies, we evaluated two display space-filling techniques, i.e. the Sunburst (radial) 
layout and the Icicle (rectangular) layout. By conducting a controlled study and an online 

study, we showed the usability of the two visualization tools in terms of accuracy, efficiency 

and user acceptance. 

From our results, we conclude that the accuracy and efficiency results favored the Icicle 

layout while the user acceptance results favored the Sunburst layout. Through EHA 

methodology, we were able to better characterize the temporal dynamics of user performance 

in our tasks compared to the mean response times (RT) analysis. Although, the mean RT 

analysis was able to demonstrate trends in favor of the Icicle layout, there was more concrete 

evidence for the latency-specific differences between the layouts from the EHA results. 

Through this, we successfully demonstrated how time-to-event data can be useful to reveal 

insights that are concealed by the mean. 
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Future scope for this research extends to screen recording analysis. Using screen recording 

software, we can record participants’ actions while performing the tasks. This way we can 

closely watch their actions and clicks and track the path taken to reach their final conclusions 

during solving of the task 
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