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Intended Use Evaluation Approach for Information Visualization
Albert Park

ABSTRACT

Information visualization is applied in many fields to gain faster insights with lighter user
cognitive loads in analyzing large sets of data. As more products are being introduced each
year, how can one select the most effective tool or representation form for the task? There are
a number of information visualization evaluation methods currently available. However,
these evaluation methods are often limited by the appropriateness of the tool for a given
domain since they are not evaluating according to tools’ intended use. Current methods
conduct evaluations in a laboratory environment with “benchmark” tasks and often with field
data sets not aligned with the intended use of the tools. The absence of realistic data sets and
routine tests reduces the effectiveness of the evaluation in terms of the appropriateness of the
tool for a given domain. Intended use evaluation approach captures the key activities that will
use the visual technology to calibrate the evaluation criteria toward these first-order needs.
This research thesis presents the results from an investigation into an intended use evaluation
approach and its effectiveness of measuring domain specific information visualization tools.
In investigating the evaluation approach, criteria for the intelligence analysis
community have been developed for demonstration purposes. While the observations from
this research are compelling for the intelligence community, the principles of the evaluation
approach should apply to a wider range of visualization technologies. All the design rationale
and processes were captured in this thesis. This thesis presents a design process of
developing criteria and measuring five intelligence analysis visual analytic tools. The study
suggests that in selecting and/or evaluating visual analytic tools, a little up front effort to
analyze key activities regarding the domain field will be beneficial. Such analysis can

substantially reduce evaluation time and necessary effort throughout a longer period of time.
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Chapter 1. Introduction

Information visualization helps users with various backgrounds and knowledge to analyze
large amounts of data faster to gain relevant insights. Ever since the idea of visualizing
information was first introduced, many information visualization tools have appeared in the
research community and have been produced in the marketplace. As information
visualization technology evolves, perhaps a tool may emerge that will go beyond visualizing
data to producing insightful reports in real-time. Until then users must analyze, interpret, and
generate their own conclusions/results. Their own conclusions are based on their perspective
of the information under observation. Hence, knowing the activities where visualization will
be applied offers some leverage on evaluating these tools.

Today, there are many products that are designed to visualize large corpuses of data
[1]. With this overwhelming number of visualization tools and methods, how can one select
the most effective tool or representation form for the task? Even though there are so many
visualization tools out there, no one tool can out-perform every other tool for every single
task. At the same time, depending on the domain and/or type of tasks, there are visualization
tools that dominate the given area. How do we identify these tools? How do we know which
tools are the best to use for a given situation? Even going back to the researching and
designing stage, how do we check if a research tool is headed in the right direction? How do
we minimize evaluation cost and determine a tool’s potential and/or limitation for the job?
There are so many questions regarding visualization technologies (tools and methods) and
their evaluation. While this thesis will briefly examine each of these questions, it will mainly
focus on evaluating information visual analytic tools from an intelligence analyst perspective.

Evaluation and tool selection are closely related. To find the tool best suited for a
task, we have to evaluate different tools and measure them. Just as there are many choices for
choosing a tool, there are several methods currently in practice, to conduct an evaluation.

How do we evaluate more effectively? Current evaluation methods are organized in different



ways. Usability testing and controlled experiments remain the backbone of evaluation [2].
Each information visualization tool was developed with a different purpose. Hence, an
evaluation should be performed according to the intended use.

Information visualization tools are used in situations anywhere from an aid to help
children’s education to serving intelligence analysts with national security matters. Even
though the range varies greatly, it can be narrowed down to an application’s domain since
many intentions are to serve a single domain. Identifying the application’s domains and their
main in-domain tasks will help guide and evaluate information visualization tools according
to their intended use.

In this research a proposed visualization technology evaluation approach is
investigated that can deliver relatively accurate and valuable information for selecting an
effective tool in a timely manner. A combination of different evaluation methods will serve
this purpose. Metrics evaluation is the core structure which is used to determine basic needs,

deliberation, and features of a tool.

Goals and Scope

The general goal of this thesis is to investigate ways to improve information visualization
evaluation, which can deliver relatively accurate and relevant information in a more efficient
manner. This work stems from research conducted for the Research and Development
Experimental Collaboration Program with SAIC. The goals in this research build on the
overall goal to effectively evaluate visualization technologies for the intelligence community.
The key objectives are:

1. Reduce the time that is required to evaluate a visualization technology.

2. Ensure that the relative accuracy remains at an acceptable level.

3. Better target domain users’ key tasks in visualization technology evaluations.

The general scope of this thesis is stated as following:



1. Focusing largely on information visual analytic tools recognizing that the
principles may generalize to the wider population of visualization technologies.

2. Demonstration of the proposed framework within the confines of tools available
using realistic data.

3. Selected the intelligence analyst domain for demonstrating the approach.

Problem Statement and Hypotheses

The problem that this thesis investigates is the often protracted amount of time needed to
evaluate visualization technologies. The purpose is to examine ways that information
visualization tools can be evaluated according to their intended use. While this is by no
means new to technology evaluation, it is relatively unique in evaluation of visual analytic
tools. This evaluation technique is being demonstrated in the intelligence analysis domain,
while recognizing that the concepts may convey to the wider scope of visualization
technologies. The concepts and lessons gained may apply especially well to other analytical
environments, such as business analytics and scientific visualization, because they share
similar activities. In investigating how to evaluate information visualization analytic software,

the focus is on exploring key tasks that are performed regularly by analysts.

The hypothesis of this research effort is: if visualization technologies can be evaluated
according to their intended use, then a more accurate and timely selection of the appropriate
tool can be made that illumines its potential strengths and limitations. Intended use
corresponds to a set of tasks that make up the core activities that are best supported by
visualization in the operational environment. The set of tasks will be based on the key

activities that the user finds most important and/or most frequently faced.

Summary of Technical Approach

In evaluating any tool, there are a set of activities that are related to preparation (criteria



selection, planning, etc.), data collection for the long-list of products, organization, early
selection of tools for the short-list, the acquisition of the selected tools, tailoring of the
evaluation, conducting the evaluation, validating the results, and ultimately the final selection
of relevant tools based on the criteria. This is little difference for the visualization
technologies that one would endeavor to evaluate. However, with there being so many
different tools available for so many visualization applications, getting to the short-list of
tools can be daunting. [3] Hence, the approach taken in this research has been to develop an
early conditioning mechanism that would focus the evaluation on tools that have a “best fit”
for the visualization activities in the domain where they would be applied. The following list
of steps summarizes some of these tasks that one partakes in to evaluate visualization

technology:

« Establish a visualization technology evaluation framework based on existing work in the
visualization community, to expedite and clarify the evaluation criteria early on.

« Investigate a relevant application domain.

o ldentify domain users’ key tasks where visualization will provide support and accelerate
the completion of the tasks.

o Select existing criteria from the evaluation framework and develop any new criteria that
are not well represented for the selected domain.

« Prototype a number of visual analytic tool evaluations, which reflects the evaluation
approach.

« Detail the experimental investigation and the results.

« Identify the revealed lessons and key findings from experiments and results.

« Report these findings in this thesis.

Overview of This Thesis

The remainder of this thesis is structured as follows: Chapter 2 describes the background (the



strengths and weaknesses of existing evaluation methods) and motivation behind this work.
Chapter 3 outlines the existing user tasks taxonomy of information visualization to clarify
current practices in the visualization community. Chapter 4 follows up with existing criteria
in the visualization community, to expedite the evaluation criteria early on. Chapter 5
investigates the application domain, intelligence analysis, and analyzes analysts’ real
environment activities and the criteria to measure the activities. Chapter 6 follows up with
current information visualization methods and tools, and then evaluates five tools using the
criteria developed in Chapter 5. Chapter 7 provides a discussion of the strengths and
weaknesses of this approach, revealed lessons, and contributions. Finally, Chapter 8

concludes this thesis and provides a number of possible future works.



Chapter 2. Related Work

In this section, some of the previous efforts in the related field of information visualization
evaluation methods are examined. It discusses previous research closely related to this thesis
in some detail to give a perspective on how the approach taken compares. Then this section

describes how this work builds on and is different from these previous works.

Previous Information Visualization Evaluation Methods

A large number of evaluations have been conducted measuring the effectiveness of

information visualization tools using the following methods:

1. Controlled experiments evaluation - This is a short-term evaluation, which is being
conducted through a number of different controlled experiments. These controlled
experiments typically measure the time to perform the task and quality of user
solution [4]. In these reports, typically, the study subjects are asked to perform a list
of tasks, while the evaluator observes and records the performance time. Independent
variables may vary, but they are normally the control aspects of the tools, such as
tasks, data and participant classes. The dependent variables usually include accuracy
and efficiency measures. In general, accuracy measures include precision, error rate,
and the average number of incorrect answers; whereas efficiency measures include
the average time to complete the task(s) [2].

A large number of controlled experiments have been conducted [2] [5]. A
few examples of controlled experiment evaluations are: spatial ability and visual
navigation evaluation [6], tree visualization system for knowledge discovery
evaluation [7], and interface and data architecture for query preview in networked
information systems evaluation [8].

The strength of this method is that it can accurately measure the accuracy,



efficiency, and other properties of a tool. Also, this method can be used to check the
direction of a research tool to see if it is serving the needs of the developing purpose.
In current practice, controlled experiments evaluation helped researchers to compare
a newly introduced tool with already existing tools, which are considered to be the
standard tools or state of art technology tools [9] [10].

However, there are still needs for improving this evaluation method in areas
such as task analysis, usability evaluation and usage analysis [5]. Tasks need to be
unified and the results across existing studies need to be synthesized [2] [5]. The
absence of realistic data sets and routine tests reduces the effectiveness of the
evaluation in terms of the appropriateness of the tool for a given domain. In the
intended use evaluation approach, the tasks are calibrated according to the relevant

application domain.

2. Usability evaluation — Usability evaluations are the two most common evaluations
along with controlled evaluations [2]. The approach is also considered as a short-
term evaluation, which typically focuses on usability issues concerning the tool
interfaces. This type of evaluation identifies problems encountered, provides feedback
on those encountered problems, and helps to design a new solution. Usability
evaluation methods typically involve a usability survey or a “think aloud” protocol as
an evaluator observes participants performing tasks with a tool or just simply using a
tool. In these evaluations, the study subjects are important because a lot of outcome
depends on the ability of the participants. Usually a background survey is conducted
to either screen out participants and/or accommodate into the result. Some examples
of usability evaluations are tree visualization systems [11] and usability evaluations of
Bifocal Browser [12].

Specially conditioned usability evaluations, such as attention-limited
environments usability evaluation also have been conducted [13]. The strength of

usability evaluation is that it values users’ opinions. With its unique method, such as



“think aloud” and survey, it is easier to spot the user interaction problems compared
to some other evaluation methods. The weakness of usability evaluation is that results
may be subjective to the background knowledge, experience, and ability of
experiment participants. Therefore with usability, a large number of participants are
preferred, which can result in a greater expense in money and time. Despite its
weakness, evaluating the usability of a tool continues to be considered important.
Often we see people prefer a better usability over better performance. Also,
it is not unusual to witness a modest performance and great usability tool out-perform
a great performing tool with a poor usability. It is because the user of the tool still
remains the overall performing factor. In the intended use evaluation approach, issues

about tool interface will be measured through metrics.

Comparing two or more tools — This is another short-term evaluation usually
conducted with a controlled experiment. Although there are evaluations conducted
with different methods, such as usability evaluation [11], a controlled experiment is
the most common method used. Controlled experiments are the most used method,
because results of the experiments are easy to compare. The approach typically
compares a number of tools and their respective features and design elements. Most
of the time, the evaluation compares the novel technology with the standard or the
state of the art technology. Some examples include: comparing SpaceTree to
Microsoft explorer and hyperbolic tree browser [9], comparing different three-
dimensional information visualization designs [10], comparing text, 2D, and 3D
interfaces [14], comparing ExoVis, Orientation Icon with In-Place 3D visualization
techniques [15], and comparing TableLens (a.k.a. Eureka), InforZoom (formerly
Focus) and Spotfire [16]. The strength of this approach is that the evaluation method
can highlight the improvements and the differences of the comparing tools. Also,
along the way the approach measures property, accuracy, and efficiency of the tools.

The weaknesses of the method are that it requires having the *“standard” tool to



compare against. Just as with the controlled experiment evaluation method, this
evaluation approach needs to be improved in task analysis, usability evaluation, and
usage analysis [5]. The tasks that are being used in the experiment need to be unified
[2] [5]. The result of this method informs the performance regarding the routine tasks
rather than effectiveness of the evaluation in terms of the appropriateness of the tool
for a given domain/job. The intended use evaluation approach will ensure the
reliability of the appropriateness of the tools for a given domain/job by selecting

controlled experiment tasks based on tool” intended use.

4. Metrics evaluation - Metrics evaluation is another short-term evaluation, which
measures the effectiveness of a tool. The approach usually evaluates information
visualization tools according to the design and evaluation criteria. Some examples of
criteria are: expressiveness and effectiveness criteria [17], information content of
visual displays criteria [18], variety of other criteria for representation and interaction
[12], domain-independent to specific domain criteria [19], high-level variable type
criteria [20], and design principle (example) [21]. Some examples of metrics
evaluation are: Glass box [22], concept demonstration metric [23], multidimensional
information visualization techniques [24], problem-oriented classification of
visualization techniques [25], and scenario-based tasks [26]. The whole process of
metrics evaluation is typically time efficient, while it still accurately assesses and
covers details of the tools. However, there is still a need for improving methods in
areas such as synthesizing and unifying taxonomy of users’ tasks, including
interaction mechanisms evaluation. Also, tasks need to be unified and the results
across existing studies need to be synthesized [2] [5]. With the intended use
evaluation approach, in order to evaluate interaction mechanisms properly, the criteria

were selected based on users’ key tasks for a given domain.

5. Heuristic evaluation — This short-term evaluation method is similar to usability



evaluation but relies on expert judgment codified in heuristics. Heuristic evaluation
here is a method for finding usability problems in a user interface design by having a
small set of evaluators examine the interface and judge its compliance with
recognized usability principles. It is different from usability evaluation in that it is
less formal and intended as a “discount usability engineering” method [27]. The
strength of heuristic evaluation is that it values expert point of usability and it
effectively and efficiently evaluates interaction mechanism aspects of a tool. Also,
like other short-term evaluation, it is time efficient. The weakness of this approach is
that results may be subjective. According to J. Nielsen and R. Molich, the result can
be varied by an evaluator’s ability to find problems [28]. In the intended use

evaluation approach, interactive mechanism is measured through metrics.

Insight-based evaluation — This is a newly introduced evaluation approach in recent
years. An empirical study measuring insight introduced by Saraiya [29] [30] captured
the essence of the main purpose in using visualization, to gain insight. An insight-
based evaluation method allows evaluators to quantify insight using different
characteristics [29]. This evaluation approach seems promising, but only short-term
studies have been applied to measure the effectiveness of the evaluation approach.
Authors of this evaluation approach themselves explicitly expressed the desire of
conducting a longitudinal study over a longer period of time to obtain valuable

conclusions.

Field studies/longitudinal studies — Field studies/longitudinal studies help to
discover the effectiveness, problems, and actual use of a tool in a real daily work
environment over a longer period of time. A report written by administrative data
analysts shows the need for conducting a longitudinal study on information
visualization systems. The report indicates the difficulty of actual integration of the

visualization system into a daily work practices, and it expressed the need of

10



redesigning the system [31]. As this example illustrates, the field/longitudinal studies
can discover the over-looked matters in short-term studies. Short-term experiments
are conducted under controlled environments under a given period of time. Since
some analysis and insight can be gained by looking at the visual representation from
different perspectives over a long period of time, a short-term evaluation may neglect
this aspect of tools.

Often complex data, such as biology data, need a longer period of time to
analyze [3]; it may not be accurate to evaluate with short-term evaluations. The main
strength of field/longitudinal studies is that it responds to a key short-coming of short-
term experiments and provides most accurate information. The short-term studies,
such as controlled evaluation, are limited in a sense that tasks are benchmark tasks or
predefined tasks; data sets are often non-related to the real work situation. However,
this approach can be lengthy and often expensive. A Field study of Exploratory
Learning Strategies is an example of field/longitudinal study on information
visualization tool, Eureka [32]. In the intended use evaluation approach, the strength
of field/longitudinal studies has been adopted, while minimizing cost. The approach
embraces the strength by analyzing the most important or frequently faced activities
in the beginning of the process. While the tasks are calibrated toward intended use,
the evaluation format stays as short-term evaluation, which can reduce the cost and

time to conduct the evaluation.

Models- Cognitive architecture to evaluate visualization applications, CAEVA, uses
cognitive models to evaluate and design visualization. Models, such as cognitive
models, allow users to simulate the use of visualization while they permit researchers
to understand the user action regarding attention control, solution strategies, memory
failures, memory limitations and learning [33]. The key strength of this evaluation is
that it allows researchers to obtain users’ thought processes at a relatively low cost.

However, little testing has been conducted and developing a model can be lengthy.

11



To get a sense of how these approaches compare, the summary of the current

evaluation methods is presented below in Table 2.1.

Duration Major Strength Limitation/Weakness
Controlled Short-term | - effectively measures - hard to assess usability
experiments efficiency, accuracy, and other evaluation, task and usage
evaluation properties. analysis [5].
- can be used to check the - tasks must be unified and the
direction of a research tool to results across existing studies
see if it is serving the needs. need to be synthesized [2] [5].
- absence of realistic data sets
and routine tests reduces
effectiveness .
Usability Short-term | - it values users’ opinions. - results may be subjective based
evaluation - uniqgue method, such as “think | on the background knowledge,
aloud” and survey experience, and ability of
- easier to spot the problems experiment participants.
compared to some other - requires large number of
evaluation methods. participants; hence, more money
and time.
Comparing Short-term | - it highlights the improvements | - it requires having the
two or more and the differences of the “standard” tool
tools comparing tools.
- effectively measures
efficiency, accuracy, and other
properties.
Metrics Short-term | - it accurately assesses and - tasks must be unified and the
evaluation covers details of the tools in a results across existing studies
timely manner. need to be synthesized [2] [5].
Heuristic Short-term | - it uses experts’ judgments - results may be subjective [28].
evaluation
Insight-based | Short-term | - allows evaluators to quantify | - Only a short-term study has
evaluation insight using different been applied to measure the
characteristics [29]. effectiveness of the evaluation
approach.
Field Long-term - responds to a key short- - often lengthy and expensive.
studies/longitu coming of short-term
dinal studies experiments
- the most accurate
assessment.
Mod