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Abstract. . Modern digital encyclopedias contain hundreds of thousands of 
textual articles and multimedia elements. Alternative discovery techniques 
facilitating the visual exploration of encyclopedia knowledge spaces have 
recently received much attention. We present the results of a comparative 
usability evaluation of a two-dimensional and a three-dimensional visualization 
system integrated with the Brockhaus encyclopedia. Both systems enable the 
visual navigation of article context. Results indicate that the three-dimensional 
visualization system is better suited for the application domain. 
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1   Introduction 

Modern digital encyclopedias contain hundreds of thousands of textual articles and 
multimedia elements which constitute a knowledge space encompassing virtually all 
areas of general interest. Traditional retrieval and discovery techniques in this domain 
have included keyword search for articles and cross-reference based navigation 
between articles. Alternative discovery techniques facilitating the visual exploration 
of encyclopedia knowledge spaces have recently received much attention. Such 
techniques have for example leveraged advances in knowledge visualization [1], 
geospatial information systems [2] and semantic technologies. 

The German-language Brockhaus encyclopedia [3] provides two visualization 
systems enabling the visual navigation of article context. The two-dimensional 
“Knowledge Web” visualization presents topically related articles using abstract 
graphical elements. The three-dimensional “Knowledge Space” visualization presents 
topically related articles using figurative graphical elements as visual metaphors. The 
manufacturer expects the two systems to support navigation between articles and to 
encourage an exploratory approach to the encyclopedia. We present the results of a 
comparative usability evaluation of the two systems. The objective of the evaluation 
was to determine which of the two systems better meets the stated expectation. 



2   Environment 

This section introduces the application domain and outlines the scientific fields 
relevant for the work described in this paper. First, the domain of digital 
encyclopedias is presented. Then, an introduction to Knowledge Visualization and 
Usability Evaluation is given. These preliminaries serve to put the following 
discussion of systems, experiments and results into context. 

2.1   Digital Encyclopedia 

An encyclopedia is commonly defined as a compendium of knowledge consisting of 
articles about topics of general interest. Most general encyclopedias are primarily 
structured using an alphabetical index based on the article titles (“lemmas”). Modern 
digital encyclopedias supplement textual article content with images, audio and video 
clips and other multimedia elements. They provide search facilities based on keyword 
queries and navigation facilities based on cross-article references. 

The “Brockhaus Enzyklopaedie” [3] is an example of a modern multimedia 
encyclopedia. This German language encyclopedia contains 240,000 articles, 30,000 
multimedia elements and 350,000 keywords. It is the predominant encyclopedia in the 
German language domain (the famous “Duden” lexicon is published by the same 
company) and ranks among the world’s largest encyclopedias. The Brockhaus 
encyclopedia features two novel systems for the visual navigation between articles 
based on an automatically generated article context (compare section 3).  

2.2   Knowledge Visualization 

In the context of computer science, the term visualization usually denotes the use of 
visual representations in support of quantitative or qualitative analysis of information. 
Modern visualization systems rely on real-time computer graphics to display 
interactive representations of complex information spaces. 

Information Visualization is commonly defined as the use of computer-supported, 
interactive, visual representations of abstract data to amplify cognition. Work in the 
field leverages the fact that the human visual sense is capable of rapid perception, 
transformation and classification of information. Information Visualization is 
characterized by a clear focus on computer-supported media, abstract information, 
and individual information seeking in very large information spaces. [4] 

Knowledge Visualization strives to complement and expand the focus of 
Information Visualization by concentrating on the process of knowledge transfer. It 
proposes to consider the intended function of a system, the type knowledge to be 
transferred, the characteristics of the recipients and the visualization types available 
when designing a visualization system [5]. Knowledge Visualization emphasizes the 
importance of balancing the use of visual models, metaphors and abstractions in order 
to optimize the transfer and perception of knowledge [6].  



2.3   Usability Testing 

Usability testing is commonly defined as the empirical testing of interface design with 
representative user groups. Various forms of usability tests have been proposed [7]: 
Thinking aloud tests encourage users to verbalize thoughts while completing tasks. 
Usage studies observe the behavior of users in a natural environment. Formal 
experiments provide quantitative data by measuring performance under controlled 
conditions. All forms of usability testing share certain common properties [8]: The 
primary goal of any usability test is to improve usability. The composition of the test 
user group and the nature of the assigned tasks reflect the expected real-world 
situation. The test user’s actions and expressions are observed, recorded and analyzed 
after the test to discover problems and suggest solutions. 

There has been much debate about the number of users required to produce valid 
results in a usability test. Some studies suggest that five users should suffice [9]. 
Others have challenged this view. Several usability tests have yielded relevant results 
with user groups containing between five and ten individuals (e.g. [10]). 

Comparative usability testing applies near-identical test conditions to two or more 
systems and analyzes test results to determine benefits and shortcomings of each 
tested system. The work presented in this paper is based on a formal experiment 
comparing two visualization systems which facilitate the navigation of encyclopedia 
articles. The experiment has been conducted with a group of six test users. 

3   System 

This section introduces relevant aspects of the Brockhaus Encyclopedia system. First, 
the context visualization framework integrated in the Brockhaus encyclopedia is 
presented. Then, the visualizations subjected to evaluation are described. Further 
information on the Brockhaus Encyclopedia is available from the manufacturer [3]. 

3.1   Context Visualization 

The Brockhaus Encyclopedia provides a relevance-ranked list of related articles for 
each article. This list is commonly referred to as the article context. The context is 
precomputed based on a vector-space model [11] of article content. This model 
facilitates similarity search using terms identified as relevant by tf/idf weighting [12]. 
The results of the similarity search are filtered by a set of rules defined by domain 
experts and limited to at most 25 articles. 

The encyclopedia window provides a text-based query component and an article 
display. It also contains links to a two-dimensional context visualization denoted 
“Knowledge Web” and to a three-dimensional context visualization denoted 
“Knowledge Space”. Both visualizations operate in separate windows and are 
synchronized with the encyclopedia window. They share several features and 
interaction patterns. For example, clicking on an article symbol navigates to the 
article and an option to keep the visualization window on top of the encyclopedia 
window is present in both visualizations. 



3.2   Knowledge Web Visualization 

The two-dimensional „Knowledge Web“ Visualization places the context origin in the 
center of the display and arranges context articles around it in a web-like manner. 
Relevant articles are placed closer to the center. Article labels never overlap each 
other. Articles are represented by filled circles. The context origin is symbolized by a 
large white-shaded circle. Context articles are symbolized by smaller circles. Yellow 
fill color represents an article having an arbitrary topic. White fill color represents an 
article having the same topic as the context origin. A smaller, red circle within the 
circle symbolizing an article denotes the presence of multimedia content. 
Biographical articles are denoted by a label “P” inside the circle. Context articles are 
connected to the context origin by a radial line. Moving the mouse over a circle 
displays an article abstract. Clicking on a circle navigates to the appropriate article. 
 

 
Fig. 1. “Knowledge Web” visualization: Context articles (small icons) arranged around the 
context origin (large central disc). 

This visualization is an example for the use of visual formalisms [11]. Diagrammatic 
graphical elements (e.g. circles, lines) have been employed to generate an abstract 
visual representation. The designer has determined the semantics of the graphical 
elements based on requirements implied by the structure of article context. Visual 
formalisms can be devised for arbitrary complex knowledge spaces. However, a 
significant learning effort is required in order to interpret a visual formalism correctly. 



3.3   Knowledge Space Visualization 

The three-dimensional „Knowledge Space“ Visualization places the context origin in 
the center of a disc divided into topical segments and arranges context articles around 
it. Relevant articles are placed close to the center and each article is placed within the 
segment corresponding to its topic. Articles are represented by shapes according to 
type: Cylinders represent factual articles, spheres represent geographic articles, cones 
represent biographic articles and diamonds represent articles featuring premium 
content. Article labels are displayed above the shapes and never overlap each other. 
Dragging the mouse horizontally spins the disc around its central axis. Dragging the 
mouse vertically adjusts zoom factor and vertical view angle. Clicking on an object 
navigates to the appropriate article. Further details are provided in [1]. 
 

 
Fig. 2. “Knowledge Space” visualization: Context articles (shapes on top of disc) arranged 
around the context origin (central small cone shape) in segments (disc slices) denoting topics. 

This visualization is an example for the use of visual metaphors. The employed 
graphical elements have been derived from real-world equivalents (e.g. board game, 
turntable) which implicitly determine semantics. The designer has combined and 
adapted the graphical elements to match the structure of the article context. Visual 
metaphors have to be chosen carefully to convey relevant information and avoid 
misinterpretation [14]. However, analogies to the real-world equivalent enable 
intuitive interpretation and comprehension of a well-designed visual metaphor. 



4   Evaluation 

This section reports on the comparative evaluation of the visualization systems 
previously described. First, the type of experiment executed is introduced. Then, the 
evaluation design is outlined, the execution of the evaluation is described and the 
evaluation results are presented. Finally, an interpretation of the evaluation results is 
attempted in the context of related findings. 

4.1   Formal Experiments 

A formal experiment is a specific type of usability evaluation which is executed in a 
controlled environment and provides objective, quantitative data by measuring 
performance. Common performance indicators include the time required to finish a 
task, the number of tasks finished within a given period or the number of errors that 
occurred [15]. Because formal experiments do not explain the cause for the 
occurrence of observed phenomena, they are often combined with questionnaires, 
interviews and other means of gathering qualitative feedback.  

Formal experiments can be adapted to compare two or more alternative interface 
designs. A comparative experiment can be structured according to one of the 
following designs:  Between-groups experiments assign identical tasks to all users, 
and each user gets to work with one of the interfaces being tested. Within-groups 
experiments assign equivalent sets of tasks to users and users are then randomly 
assigned to different pools. Each pool is confronted with all of the interfaces in 
different order and with different sets of tasks. While the between-groups design 
avoids undesired learning effects, it does not account for variations in user skill levels. 
Such variations are controlled by the within-groups design. 

4.2   Experiment Design 

A formal experiment was defined to compare the performance of the two 
visualization systems presented. The objective of the experiment was to determine 
which of the two systems is better suited to support analysis and navigation of the 
article context. 

A between-groups design was chosen for the experiment to eliminate the effects of 
varying user skills. Two equivalent sets of tasks (denoted T1 and T2) were designed. 
There were four categories of tasks (denoted A1 to A4) with increasing level of 
difficulty: Counting related articles of a biographical nature, finding articles 
belonging to a topical category, navigating to a specified item across one level of 
hierarchy and navigating to an item specified by contextual hints across two levels of 
hierarchy. For each category, two equivalent tasks were defined. 

Six test users (denoted U1 to U6) were recruited. The selection of users was based 
on characteristics of real-world knowledge workers likely to utilize advanced 
encyclopedia features (compare table 1). The test user group included Psychologists, 
Designers, Engineers and Researchers with a medium to high level of education. 



 
Test users were randomly assigned to one out of two test groups. The first group 

(denoted G1) worked on a first set of tasks in condition C1 (denoting that the two-
dimensional knowledge web was used) and continued with a second set of tasks in 
condition 3D (using the three-dimensional knowledge space). The second group 
(denoted G2) worked on a first set of tasks in condition C2 and continued with a 
second set of tasks in condition C1. To account for differences between the two task 
sets, the sets were alternated between conditions from test to test (compare table 2). 

 
To supplement the quantitative information gathered in the formal experiment, a 

questionnaire was designed. The questionnaire contained ten questions (denoted Q1 to 
Q10) which were to be answered using a seven-point polarity profile (compare table 
3). Test users were asked to fill in the questionnaire for both conditions (C1, C2) 
immediately after participating in the experiment. 

 

Table 1.  Some characteristics of test users 

 U1 U2 U3 U4 U5 U6 
Age 32 44 27 28 30 32 
Sex f f f f m m 
Sight Aid yes no yes no no yes 
Computer Experience (years) 12 8 13 10 12 18 
Computer Usage (h/week) 35 30-40 50 50-60 60 60-70 
Encyclopedia Usage (h/week) 2 1 8 1-2 1 2 
Visualization Usage (h/week) 0 0 30 3 0 2 

Table 2.  Permutation of users, conditions and tasks 

Group User Condition Task Set 
G1 U1 C1-C2 T1-T2 
G1 U2 C1-C2 T2-T1 
G1 U3 C1-C2 T1-T2 
G2 U4 C2-C1 T2-T1 
G2 U5 C2-C1 T1-T2 
G2 U6 C2-C1 T2-T1 

Table 3.  Questionnaire structure 

Index Question Scale (+3 to -3) 
Q1 Ease of navigating to a specified article easy - hard 
Q2 Ease of locating articles belonging to a topic easy - hard 
Q3 Readability of texts high - low 
Q4 Quality of available help good - bad 
Q5 Relevance of information in article context high – low 
Q6 Design quality of visualization high – low 
Q7 Animation quality of visualization high – low 
Q8 Interaction speed of visualization high - low 
Q9 Overall impression of system good - bad 

Q10 Would you actually use the system likely - unlikely 



4.3   Experiment Execution 

The experiment was executed in an office room shielded from external influences. 
The experimenter conducted each session following a script which outlined welcome 
procedures, administrative issues, execution of training and test and filling of the 
questionnaire. The validity of this script was verified by a test run some days before 
the experiment was executed. 

The system features available in each condition (C1, C2) were presented by the 
experimenter. For both conditions, the location of the current article and of the related 
articles was pointed out. In condition C1 (the two-dimensional Knowledge Web), the 
graphical encoding of the related articles was explained. In condition C2 (the three-
dimensional Knowledge Space), the segmentation of articles by topic and the 
meaning of article symbols was explained. In both conditions, the various means of 
interaction were presented. Users were then given time to familiarize themselves with 
the system. After users signaled their readiness to proceed, the system was reset, 
recording was started and the first task was assigned.  
 

 
Fig. 3. Physical setup of the experiment: Camera and microphone (left), TFT display (center), 
mirror for capturing facial expressions (right of display), input devices (in front of display).  

The experiment was conducted using a personal computer (Pentium 4, 2.0 GHz, 
2GB RAM, Windows XP SP2), a TFT display and a standard keyboard and mouse. 
Display resolution was set to 1024 by 768 pixels. A custom build of the Brockhaus 
digital encyclopedia in version 1.01 was used. 



4.4   Experiment Results 

The results of the experiment were analyzed by processing the recorded video 
sequences and noting the time required by users for task completion. In several cases, 
users gave up on a task after some time. In other cases, users worked more than 300 
seconds on a task and the experimenter suggested moving on to the next task. Such 
incidents were noted as timeout events and not included in the analysis 

 
In both conditions (C1,C2), users required significantly more time to complete 

complex navigation tasks (A3,A4) as compared to simple recognition tasks (A1,A2). 
All of the timeout events occurred in complex navigation tasks (A3,A4). It must be 
noted that a paired t-test revealed no statistically significant differences between the 
two conditions for any of the tasks. However, this statement is not meaningful for 
tasks A3 and A4 due to the number of timeouts encountered (compare table 4). 

The analysis of the questionnaires filled after taking the test revealed significant 
differences between conditions. Users ranked the three-dimensional „Knowledge 
Space“ Visualization (C2) higher than the two-dimensional „Knowledge Web“ 
Visualization (C1) in all questions except Q3 (compare table 5). It must be noted that 
no ranking was acquired for question Q4 because the help facilities had been disabled 
for both conditions (C1,C2). This modification to the experimental setup was made 
after the design test (compare section 4.3) to avoid biasing results by time spent in 
studying help content. 

Table 5.  Questionnaire results (higher values denote positive response)  

Index Question C1(mean) C2(mean) 
Q1 Ease of navigating to a specified article +1.33 +2.17 
Q2 Ease of locating articles belonging to a topic -0.67 +2.50 
Q3 Readability of texts +2.67 +1.93 
Q4 Quality of available help - - 
Q5 Relevance of information in article context +1.67 +1.93 
Q6 Design quality of visualization +0.83 +2.50 
Q7 Animation quality of visualization +0.83 +2.67 
Q8 Interaction speed of visualization +2.67 +2.67 
Q9 Overall impression of system +1.67 +2.67 

Q10 Would you actually use the system +1.67 +2.17 

Table 4.  Time to task completion (in seconds, T denotes timeout) 

Cond. Task U1 U2 U3 U4 U5 U6 Avg. 
C1 A1 37 84 47 34 24 87 52,2 
C1 A2 46 185 142 106 28 165 112,0 
C1 A3 84 181 T 139 116 122 128,4 
C1 A4 269 T 120 56 T 141 146,5 
C2 A1 21 30 34 37 61 54 39,5 
C2 A2 62 107 18 46 30 225 81,5 
C2 A3 278 295 90 127 T T 197,5 
C2 A4 T 119 177 236 147 T 169,7 



 
The comments made by users in writing (on the questionnaire form) and verbally 

(recorded during the test session) served to refine the observations stated before. The 
visual appearance of the two-dimensional Knowledge Web (condition C1) and the 
common user interface components integrating both systems with the encyclopedia 
were the major source of comments (compare table 6). 

4.5   Discussion of Results 

The performance data gathered in the formal experiment indicates that users 
required more time for tasks involving navigation between article contexts (A3,A4) 
than for tasks involving analysis of a single article context (A1,A2). A high number of 
timeout events occurred in tasks involving navigation (A3,A4). This indicates a weak 
point in the evaluation design (e.g. tasks too complex, not enough training).  

The statistical analysis of the performance data was inconclusive. No significant 
differences between the conditions (C1,C2) could be detected. This fact can be 
attributed in part to the high number of timeout events. The individual performance 
data shows a 32% advantage of C2 over C1 for task A1 and a 37% advantage of C2 
over C1 for task A2 (no timeout events occurred in tasks A1 and A2). 

The user feedback collected through the questionnaires indicates that users 
preferred C2 over C1 in most aspects. The topical segmentation available in C2 was 
particularly well liked (Q2, +53% acceptance). Users preferred design (Q6, +28% 
acceptance) and interactivity (Q7, +31% acceptance) of C2 over C1. The overall 
impression reported by users favored C2 (Q9, +17% acceptance). The presentation of 
text was the only aspect where C1 was ranked higher than C2 (Q3, +12% acceptance). 

Comparative evaluations of two-dimensional and three-dimensional visualizations 
usually find that two-dimensional interfaces perform superior [16]. However, 
divergent evaluation results have been reported for systems providing overview and 
browsing functionality [17] Findings in Knowledge Visualization indicate that for 
small sets of highly structured knowledge items, systems based on visual metaphors 
outperform systems based on visual abstractions [18]. Taken together, these 
observations may explain why the three-dimensional “Knowledge Space” 
visualization (C2), which is based on the use of visual metaphors, outperforms the 
two-dimensional “Knowledge Web” visualization (C1), which is based on the use of 
visual abstractions, despite the higher cognitive load imposed by a three-dimensional 
visualization. 

Table 6.  Problems reported by more than one user 

Index Problem Condition 
P1 Arrangement of history entries C1 
P2 Color-coding of symbols representing articles C1 
P3 Choice of symbols representing articles C1 
P4 Missing topical segmentation (as compared to C2) C1 
P5 Missing article abstract preview (as compared to C1) C2 
P6 Choice of symbol and caption for “lock” and “keep on top” C1,C2 
P7 System behavior on switching from and to Encyclopedia C1,C2 



5   Future Work 

The comparative performance data gathered in the formal experiment has proven 
inconclusive in the statistical analysis. This shortcoming can be attributed to the high 
number of timeout events and to the low number of test subjects. A second iteration 
of the usability evaluation will be designed to account for these factors. The number 
of users participating in the evaluation will be increased to 12. The evaluation design 
will be modified to provide an extended training phase. Navigational tasks (A3, A4) 
will be simplified and explanations for the tasks will be improved. Various smaller 
design problems (e.g. the presence of question Q4) will also be addressed. It is 
expected that the second iteration will provide conclusive statistical results on the 
comparative performance of the two conditions (C1,C2). 

The presented evaluation did not measure the performance of the visualization 
systems in comparison with the traditional means of discovery provided by digital 
encyclopedias (e.g. keyword search, navigation by cross-reference). A new usability 
evaluation will be designed to include appropriate conditions and tasks. 

The results obtained by the presented evaluation will be applied to revise the three-
dimensional “Knowledge Space” visualization. The rendering of text elements will 
receive particular attention. The integration of the visualization systems with the 
encyclopedia will be redesigned to account for the issues reported by users. 

6   Conclusions 

The German-language Brockhaus encyclopedia provides a two-dimensional 
“Knowledge Web” visualization and a three-dimensional “Knowledge Space” 
visualization to facilitate the visual navigation of article context. We have presented 
the results of an evaluation which compared these two systems. The statistical 
analysis of performance data gathered in a formal experiment did not reveal 
significant differences in the performance of the two systems despite the higher 
cognitive load imposed by a three-dimensional visualization. The evaluation of user 
feedback gathered during the evaluation indicates that users prefer the three-
dimensional „Knowledge Space“ visualization. We conclude that a three-dimensional 
visualization system based on visual metaphors can outperform a two-dimensional 
visualization system based on visual abstractions for certain application domains and 
tasks. 
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