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ABSTRACT

There have been several studies that compare sequential
search results versus clustered search results, and graphical
presentations versus textual presentations. These studies
have resulted in confirmed efficiency and preference of
clustering over sequential lists. The studies between
graphical and textual presentations have usually shown to
be task dependant. This study shows a systematic
evaluation of zoomable versus textual clustered search
results. A controlled experiment with repeated measures
design and within-subjects differences was performed with
fifteen subjects, comparing Groxis, Inc.’s Grokker – their
clustering product – a zoomable user interface, their textual
clustering product and Vivisimo’s textual clustering
product. No significant differences were found for
objective measures. However, there were significant
differences for subjective measures. The textual clustering
interfaces was preferred and elicited major satisfaction
among the users. Results are summarized in both a
quantitative and qualitative format.
Author Keywords

Information retrieval, textual clusters, graphical clusters,
clustering, user test, evaluation, zoomable user interface,
ZUIs.
ACM Classification Keywords

H.5.2 User Interfaces, H.5.4 User issues.
INTRODUCTION

Search engines are behind some of the most popular and
widely accessed web sites because they allow the user to
find the information they seek. However, with the
explosive growth of information that is available through
the World-Wide-Web, most queries result in many
retrieved documents. [8] The most common search engines
show the results as pages of scrolled lists, which are usually
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ordered by rank [16]. Users are forced to examine this long
list of ranked documents in order to find relevant
documents. [26] The list is in decreasing order in terms of
the single measure of relevance used by the system. [10]
The results on different topics or different aspects of the
same topic are sometimes mixed together in the returned
list. [2] This sequential list often comes with no indication
of the system’s evaluation of each document. There is no
clear indication of the relationships that may exist among
the retrieved documents. [10]
Another approach to present search results is by organizing
them into clusters. Document clustering has been used in
experimental information retrieval systems for many years.
[21] Clustering is achieved by grouping documents into
“topically coherent” groups. The topic coherent clusters can
be used to identify promising subsets of documents,
exemplars for relevance feedback or to eliminate groups of
documents whose contents appear irrelevant. [8] The
purpose of clustering is not to improve precision in search
results, but rather an attempt to make search engine results
easier to browse. [26] Clustering is useful for browsing
large online collections of text as shown by Chen &
Dumais. [5]
The standard practice of search engines is to provide brief
textual summaries of the Web documents. [22] Users have
to scan these summaries to find the information they are
looking for. Efficiency has shown to be improved if similar
documents are clustered together. A user will read the
summary of the first document in a cluster and decide to
inspect another if it appears to have irrelevant information.
[21, 5]
Studies have been completed comparing search
effectiveness between clustered retrieval and sequential
retrieval. Clustered presentations have been shown to be
more effective than sequential presentations, and are
superior objective and subjective measures [21, 2].
Results given by the most popular search engines are
displayed with a textual presentation. However, a graphical
presentation of search results can also be achieved. With a
graphical presentation, more information about more
retrieved objects can potentially be conveyed in a small

space since each attribute of a graphical object can be used
to convey document characteristics. [12] Graphically
displaying document information has the potential to
enable users to understand search results more quickly. [20]
There are many kinds of visualizations that might be used
for search result representation. For example, document
maps visualize the overall similarity structure of a corpus
of texts, using a suitable metaphor which is reminiscent of
geographical or astronomical cartography. Independent of
the metaphor, the basis of the methods is that similar
documents or document groups are located in neighbored
areas in the respective map display. [2]
The addition of dynamic user control through direct
manipulation principles allows the user to navigate large
information spaces. [15, 18] The use of animated
presentations and user-controlled selections enable users to
explore large information spaces rapidly and reliably. [1]
Studies have been completed comparing search
effectiveness between text and graphical interfaces. For
example, Sebrechts et al. compared textual versus 2-D and
3-D interfaces [17]. Textual and 2-D visualizations were
revealed to be more effective than 3-D visualizations.
Another study by Becks et al. showed that the graphical
overview offered significant benefits over a text-based
access interface. [2] It must be noted, that for both, the
results were task dependant. Certain tasks favored graphical
interfaces and others favored textual interfaces.
Our interest is in visualizations that are based on Zoomable
User Interfaces (ZUIs) [4]. These are systems that lay out
information spatially on a 2D plane at different sizes, and
use animated transitions to navigate through the
information. ZUIs have been evaluated in a range of
contexts and have been shown to have significant benefit
for some domains and tasks [3, 7, 9]. The current study
evaluates three different clustering interfaces. The first
interface is called Grokker, a Zoomable User Interface
(ZUI) produced by Groxis, Inc. [24]. The second interface
is a textual version of the same clustered search results,
also by Groxis, referred to as Grokker Text. The third
interface is called Vivisimo and is another textual
clustering interface [25]. This study attempts to provide a
controlled comparison between these three interfaces on a
number of typical information seeking tasks in an attempt
to develop a better understanding of the potential that a ZUI
based visualization may offer clustered search results.
Since we are comparing specific instances of visual and
textual approaches to clustered search results, we do not
expect that this study will give a definitive answer as to
whether ZUI-based or textual representations are better in
general. But since we are analyzing apparently successful
commercial solutions, we hope this study will offer some
insight into the general approaches in addition to the
specific systems.

PRODUCT DESCRIPTION
Grokker

Grokker is a graphical knowledge map. It provides a
graphical representation of information such as search
engine’s results, databases, your computer’s files, etc. The
clustering mechanism is shown as a series of nested Venn
Diagrams. Figure 1 illustrates a search for one of the tasks
performed in the experiment: “Find in which city and on
what date was the Super Bowl played for the 1998 season.”
Users can navigate within a hierarchy by clicking on the
circles, which represent the clusters and sub-clusters. When
a smaller circle is clicked, the screen zooms in with an
animated transition and sub-clusters within can be
observed. When a bigger circle is clicked, the screen zooms
(again animated). Filled circles indicate additional levels.
Transparent circles indicate the lowest level. Once the user
has reached the lowest level in the hierarchy, he/she can
access the result by clicking on the figure and going to the
browser window. This window can be viewed
simultaneously with the graphical clustering interface.

Figure 1: Grokker
Grokker Text

Grokker Text is another representation offered by Grokker.
It provides the same results as the graphical clustering
interface displayed in manner similar to Mac OS X’s
Finder. Figure 2 illustrates a search for one of the tasks
performed in the experiment.

Figure 2: Grokker Text
Users can navigate within a hierarchy by clicking on the
text and sub-clusters appear to the right. Once the user has
reached the lowest level in the hierarchy, he/she can access
the result by clicking on the text which loads that page in
the browser window. This window cannot be viewed
simultaneously with the textual clustering interface, so the
user must manually switch to the browser window.
Vivisimo

Vivisimo is a textual clustering interface. It provides a
clustering representation of information of Vivisimo’s
search engine results. The clustering mechanism is shown
on the left frame. It provides the results displayed in
manner similar to Microsoft Windows Explorer. Figure 3
illustrates a search for one of the tasks performed in the
experiment.

others. All participants were students (undergraduates and
graduates) at the University of Maryland.
PILOT TEST

Prior to the testing, two pilot tests were performed in order
to verify how the different metrics would be collected. The
experimental design for the pilot tests had accuracy,
completion time and satisfaction as dependent variables;
and interface as the independent variable varying across the
three interfaces. In order to obtain greater statistical power,
a controlled experiment with within-subjects differences
was designed.
Lessons Learned
Pilot Test #1

The same tasks were tested in all interfaces. It had been
decided to test the same tasks to prevent task content
effects. However, subjects lost interest and modified their
search strategy over time.
There were three tasks per interface, which generated a
long experiment. It was one and a half hours long, so the
experiment was shortened.
The training and familiarization period given for Grokker
created an advantage over the other interfaces, so training
for all interfaces was equalized.
Pilot Test #2

Figure 3: Vivisimo

Each interface was tested with two different tasks. This
reduced the experiment to one hour.

Users can navigate within a hierarchy by clicking on the
plus sign or the triangle icon. Results are shown at any
level of the hierarchy. The user can select to view/load a
result at any time at it can be viewed simultaneously with
the textual clustering interface.

For training, a brief explanation of how all the interfaces
worked was given by the test administrator. The participant
was guided through practice searches before performing the
tasks for each interface.

STUDY OBJECTIVE

For both Grokker interfaces, the search took between 5-40
seconds to show all the available results. One subject
waited for searches to complete and the other did not. For
the actual study, we made all participants wait until search
is complete.

The goal of this study was to determine usability
differences between the three clustering interfaces: Grokker
(ZUI), Grokker Text (textual) and Vivisimo (textual). In
order to do so, a controlled experiment was performed with
within-subject differences. Usability can only be
determined once users attempt representative tasks using
the interfaces. Thus, participants performed typical search
tasks. Their performance was monitored and subjective
preferences were recorded.
PARTICIPANTS

The pilot test was performed by two participants and the
experiment by fifteen. They participated in a voluntarily
basis with no payment for their involvement. Information
of the surveyed was gathered, not to elaborate trends on
this data, but as to determine the demographics of the
sample. Two females, ages 24 and 32 participated in the
pilot test. The experiment sample was composed of seven
females and eight males, the age of the participants varied
between 18 and 40 years. Seven participants’ native
language was not English. However, there were no
differences in their performances when compared to the

Avoid between-subject variance

When searching, one subject went to cnn.com through
Grokker and then tried to use CNN’s search function to
complete the task. We thought this search method would
not allow us to control the study appropriately. Thus, for
the actual study, participants were not allowed to use
websites’ search engines.
Simplify the Experimental Design

Grokker has additional features that can be of assistance
when performing a search. These features are filtering
options, color-coding, shape coding and magnification. The
first participant of the pilot test took advantage of these
features, but the second did not. We decided that
participants would not be allowed to employ these features
because it would mean adding another independent variable
to the experiment.

EXPERIMENT
Tasks

A list of six tasks was developed, each involved finding a
specific piece of information. Each task had only one
correct answer. (Example: Find the name of the city where
Ecuador and Mexico played during last year’s World Cup.
Answer: Miyagi.)
A Graeco-Latin Square was used to establish task order for
each participant and to confound task order effects.
Test Facility and Materials

The test apparatuses used included an IBM ThinkPad
laptop (700 mHz, PIII, 768 Mb RAM) and a stopwatch. All
participants were instructed to use the mouse; they were not
allowed to use the laptop’s stick pointer.
Test Administrator Tools
Pre-Test Questionnaire

A pretest questionnaire was submitted to obtain basic
demographic information and to obtain the user’s
experience with computers and search engines.
Posttest Questionnaire

A posttest questionnaire was submitted to participants in
order to gauge the approval of users with each interface. An
excerpt from the Questionnaire of User Interface
Satisfaction (QUIS) was used. Participants answered a 9point Likert Scale.
EXPERIMENTAL DESIGN

The following list defines the dependent variables and the
measures for which data were recorded for each set of
conditions.
 Completion Time, measured from the start to the end of
each task.
 Accuracy, tasks were rated as completed correctly,
completed incorrectly or aborted and this condition was
recorded.
 Satisfaction, subjective appreciation of the users was
obtained by means of the post-test questionnaire.
 Preference, after completing the experiment, participants
were asked which interface, among the three, they would
use.
The independent variable was the interface, which varied
between: Grokker (ZUI clustering), Grokker Text (textual
clustering) and Vivisimo (textual clustering).
PROCEDURE (TEST PROTOCOL)

One person administered the experiment. All testing
sessions were approximately sixty minutes long.
The participant was greeted and the general instructions of
the test were provided. A pre-test questionnaire and
consent form were then administrated. They were then
given a brief explanation of the functionalities of the first
interface. A search was performed with the test
administrator’s guidance. After the familiarization period,
the task instructions were explained and the user performed
the set of tasks. Once two tasks were performed, the user

was presented with a Posttest Questionnaire to gauge the
satisfaction for that specific interface. These actions were
performed for each interface. Finally, the participant was
asked which interface was preferred. To conclude the
session, the user was thanked for his/her participation and
dismissed.
Participant General Instructions

Each task was read aloud. The participant was asked if
he/she understood the task to follow. If not, a further
explanation was given. Once the participant was ready,
he/she started to perform the task.
Task Rules











10 minutes time limit
User can give up before 10 minutes
Wait for search to be over before starting
For Grokker and Grokker Text, only the Teoma database
could be used
User can navigate within a result’s website
User cannot use search function within result’s website
User can modify search keywords and perform new
searches
If you already know the answer, you still have to use the
interface and find it
Once the answer is found, inform the test administrator
and show answer

Tasks

All tasks had only one correct answer. This answer could
be obtained in different websites and by using different
keywords.
Usability Metrics
Effectiveness metric

Effectiveness relates the goals of using the interface to the
accuracy and completeness with which the goals were
achieved. The measures of effectiveness used were:
 Accuracy – This was the percentage of tasks correctly
completed per interface. A task could be completed
correctly, completed incorrectly or aborted. All these
occurrences were recorded. A correctly completed task
is one where the user completes the task and obtains the
required result. An incorrectly completed task is a task
completed by the user, which did not obtain the required
results. An aborted task is one that the user quits while
performing the task.
Efficiency metrics

The efficiency was defined in this study as the average time
taken to achieve the task.
 Completion time – The time taken to complete each task
was recorded.
Acceptance

Acceptance describes the user’s subjective level of
satisfaction when using the interfaces. The measures
of acceptance were:

 Satisfaction - was measured using posttest questionnaires
based on the QUIS.

Completion Time
360

 Preference – users identified which interface they would
select to use among the three.
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Sources of Error

180

Subjects Recruited: The ideal subject composition would
be that of a subset of the target market, with a proportional
representation of the actual market. Additionally, subjects
were asked to perform under conditions where all their
moves were recorded and timed; this could affect what
otherwise could be their real performance.
Sample Size: The sample size was not ample enough to
maximize the statistical power of the study or minimize the
potential for error.
Human Error: The measures recorded, especially that of
time are subject to human error.
Databases: The experiment could not control the databases
used in which the search query was performed. Grokker
and Grokker Text had the same database (Teoma), but
Vivisimo had a different database (Vivisimo). The results
shown in these interfaces were usually different and a sure
source of variability.
Task Content: Although the tasks specified for the
experiment attempted to be of a similar nature. Their
content could be an additional source of variability.
RESULTS
Data Analysis

The following section summarizes the performance data
collected. Statistical analysis on the data set was performed
in order to evaluate task duration, accuracy, satisfaction and
preference. The General Linear Model Approach was used.
The experimental design was a repeated measures design
with three levels and within-subjects differences.
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Figure 4: Completion Time
Satisfaction

Overall User Satisfaction: The results were obtained by
calculating the mean of responses for all questions in the
QUIS. Grokker had a rating of 5.64; Grokker Text, 5.47;
and Vivisimo, 6.89. There were significant differences for
overall satisfaction, F(2,28)=5.45; p=0.010Vivisimo is
significantly different from Grokker and Grokker Text, F(1,
14)=10.04; p=0.007 There were no significant differences
for order effects, F(2,28)=0.43, p=0.656 Figure 6 includes a
summary of the data collected for the testing sessions.
QUIS: The results are obtained by calculating the mean of
responses per answer. Table 1 shows a summary of the
satisfaction data.
Preference

Vivisimo was significantly preferred over the other
interfaces, χ2(2)=22.20; p=0.000. Grokker had a preference
of 13.3%; Grokker Text, 6.7%; and Vivisimo, 80.0%.
There were no significant differences for order effects,
χ2(2)=0.600, p=0.741. Figure 7 includes a summary of the
data collected for the testing sessions.
Accuracy
100%

Completion Time

80%

Completion time for Grokker was 304 sec; Grokker Text,
270 sec; and Vivisimo, 212 sec. Although there was a clear
trend, there were no significant differences on completion
time, F(2, 28)=2.30, p=0.119. Additionally, there were no
significant differences for order effects, F(2, 28)=1.91,
p=0.319; and no significant differences for task content
effects, F(5, 70)=1.054, p=0.393. Figure 4 includes a
summary of the data collected for the testing sessions.
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Figure 5: Accuracy

Accuracy

All interfaces had approximately the same accuracy rates,
where Grokker had 80.0% tasks completed correctly;
Grokker Text, 76.7%; and Vivisimo, 86.7%. There were no
significant differences for accuracy, χ2(2)=1.015, p=0.602.
There were no significant differences for order effects,
χ2(5)=5.584, p=0.349. However, there were significant
differences
for
task
content
effects,
χ2(5)=17.768, =0.003. One task had a 100% completion
rate and another task had 46.7% completion rate. Figure 5
includes a summary of the data collected for the testing
sessions.

Grokker

Grokker Grokker Vivisimo F
Text
(2, 28)

p

wonderful

5.53

5.53

6.47

satisfying

5.27

4.60

6.13

1.65
2.43

stimulating

7.80

5.00

5.60

13.53 p<0.001

easy

5.07

5.40

7.00

6.80

power

5.60

5.20

6.47

2.29

flexible

5.13

5.13

6.73

3.77

read

4.67

6.27

7.73

9.03 p<0.001

logical

5.47

5.73

7.07

2.45

p<0.01
p<0.05

navigation

5.67

5.67

7.07

2.36

learn

6.60

5.67

7.27

2.83

straightforward
easy complete tasks

5.40
5.53

6.00
5.20

7.73
7.13

8.57 p<0.001
7.83 p<0.01

Table 1: Posttest Questionnaire
Preference

Vivisimo was significantly preferred over the other
interfaces, χ2(2)=22.20; p=0.000. Grokker had a preference
of 13.3%; Grokker Text, 6.7%; and Vivisimo, 80.0%.
There were no significant differences for order effects,
χ2(2)=0.600, p=0.741. Figure 7 includes a summary of the
data collected for the testing sessions.
Comments

Comments were not requested; however, several users
commented after the experiment. These comments have
been edited so that they are not replicated when users said
something similar.
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Figure 6: Satisfaction
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Regarding Vivisimo, users commented:
 “The cluster window should be independent of the main
window. I should be able to look at sub-clusters while a
page is loading without being redirected elsewhere.”
 “It’s easier to switch from one branch to another.”
OBSERVATIONS

Following is a list of salient occurrences observed by the
experimenter.
Grokker

Satisfaction

Grokker

 “The details do not explain when I’m on a cluster or on a
leaf.”
 “There were too many levels, I wanted to see possible
results sooner.”
 “I would use this for deep research, for fast research
Vivisimo.”
 “Sorry I’m changing keywords… I just remembered how
bad this one was and wanted to be specific.”
 “Much less exciting than the other (Grokker).”

Grokker Text

Vivisimo

Figure 7: Preference
Regarding Grokker, users commented:
 “What is the clustering criterion?”
 “The system should have a better way of informing that
there are NULL search results.”
 “Search engine should eliminate files no longer
accessible.”
 “What do the colors mean?”
 “It was pretty but hard to use.”
 “Very nice, cute.”
Regarding Grokker Text, users commented:

 NULL results were represented in one huge circle. This
confused the users, who kept clicking on the circle trying
to zoom in and get more results.
 Clusters were re-visited several times. There is no visual
indication that a cluster has already been visited.
 Colors in Grokker could be mapped to indicate relevance
or time. However when not mapped, users wanted to
know if they had any meaning.
 A cluster labeled: “Documents” appeared in every single
search and also as a sub-cluster. Not sure what it means,
the results in it were of the same type as in other clusters.
However, users avoided this cluster
 Cluster labels were cut-off some times preventing users
to read them.
 The Navigation buttons in the browser window were
usually overlooked, unless test administrator indicated
where they were located.
 When there’s one single cluster or when users reached
the smallest cluster, they loaded all pages even though
names were not meaningful for the task. This could
suggest a navigation cost.
Grokker Text

 NULL results were displayed as normal cluster, users
clicked several times before realizing there was nothing
 Users could not anticipate that they had reached a result
unless they could no longer navigate down the hierarchy.
Grokker shows results visually in two ways: no smaller
clusters and browser window and clusters can be viewed
simultaneously. In Grokker Text, users had to tab to the
browser window to look at a result.
 Only three people paid attention to the detail portion,
which occupies 50% of screen space. This portion gives
information about the URL and sometimes when it was
created. However it was inconsistent.

 See comments above for “documents” cluster, single and
low level cluster

interest – which we suspect has more to do with novelty
than effectiveness.

Vivisimo

Nevertheless, we do think this ZUI design could be
improved. For example:

 Users looked at results before going to clusters. This one
of the advantages of Vivisimo. Results can be accessed
immediately, in the other two interfaces, the user had to
navigate to the lowest level before seeing a result.
 Short summaries under each result assisted users when
deciding to load a page.
 The navigation menu for accessing sub-clusters is similar
to Windows Explorer. Users click a plus sign to access
lower levels. However, there was a triangle next to this
sign that seemed performed the same function. The
difference was that the plus sign allowed for the user to
look at the hierarchy while a result page was loaded,
while the triangle stopped loading the result page and
loaded a cluster page. Users would always click one sign
throughout the experiment and; those who clicked on the
triangle, would become frustrated when the page stopped
being loaded.
CONCLUSION
Effectiveness

There were no significant differences for effectiveness
among the three interfaces. Users can perform a successful
search using any of the interfaces.
Efficiency

• Navigational cues could inform users which elements
have already been visited.
• Hierarchical cues could tell users which level they are in
and how deep the structure is.
• Clearer representation of the underlying web pages could
help indicate to users what pages are there. The current
circles are largely uninformative.
• Users should be able to see the navigation clusters as
well as the actual website in the same window.
The authors recognize that there will be certain issues
regarding the generalization of these results, due to the
constraints of comparing specific visualization tools.
However, the evaluation performed in this study can form a
basis of recommendations and design considerations for
future clustering search result visualizations.
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There were no significant differences for efficiency among
the three interfaces, although there was a strong trend.
Users took an average of approximately 5 minutes to find
information in Grokker, 4.5 minutes in Grokker Text and
3.5 minutes in Vivisimo.
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