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ABSTRACT

The effectiveness of a visualization technique is dependent on how
well it supports the tasks or goals of an end-user. To measure the
effectiveness of a visualization technique, researchers often use a
comparative study design. In a comparative study, two or more
visualization techniques are compared over a set of tasks and com-
monly measure human performance in terms of task accuracy and
completion time. Despite the critical role of tasks in comparative
studies, the current lack of guidance in existing literature on best
practices for task selection and communication of research results in
evaluation studies is problematic. In this work, we systematically
identify and curate the task-based challenges of comparative studies
by reviewing existing visualization literature on the topic. Further-
more, for each of the presented challenges we discuss the potential
threats to validity for a comparative study. The challenges discussed
in this paper are further backed by evidence identified in a detailed
review of comparative tree visualization studies. Finally, we recom-
mend best practices from personal experience and the surveyed tree
visualization studies to provide guidelines for other researchers to
mitigate the challenges.

Index Terms: H.5 [Information Interfaces and Presentation]: User
Interfaces—Evalaution/methodology; H.5 [Information Interfaces
and Presentation]: User Interfaces—Theory and methods; H.5 [In-
formation Interfaces and Presentation]: User Interfaces—Training,
help, and documentation;

1 INTRODUCTION

There are numerous ways to evaluate a visualization design or
tool [16]. Out of the large variety of evaluation methods, one of
the most common methods employs a comparative evaluation of
visualization techniques to measure user performance, e.g., in terms
of accuracy and time. Within visualization literature, these studies
are identified as “comparative studies” [54] or “head-to-head com-
parisons” [42]. In visualization literature, comparative studies are
used across a wide range of application domains to evaluate a variety
of visualization techniques or encodings. For instance, Bartolomeo
et al. [21] designed a comparative study to evaluate the effect of
different timeline shapes on a subset of timeline tasks (Fig. 1). In
another example, Plaisant et al. compared a novel SpaceTree [55]
to a traditional node-link tree visualization to study the effect of
their novel space-efficient tree visualization layout on a set of tree
visualization tasks. A critical aspect of comparative study design
is the selection of analytical user tasks that are ultimately used as a
proxy to the real domain goals to evaluate the effectiveness of the
visualization technique [54]. Given the critical nature of tasks, it is
of utmost importance that researchers choose evaluation tasks that
reflect the underlying research problem [48, 65].
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While tasks play a pivotal role in comparative studies, existing vi-
sualization literature argues that the methods used for task selection
and communication have several shortcomings. Plaisant [54] argues
that the current process of selecting tasks for designing evaluation
studies remains an adhoc process. The adhoc nature of the task
selection process leads to problems like gathering the wrong task
for evaluation [38] or gathering an incomplete set of tasks which
do not cover the goals a visualization should support [38, 54, 60].
Another major task-based challenge is associated with the selection
of a task abstraction technique. Task abstraction is the process of
removing domain-specific terminology from the task description to
promote easy understanding and adoption of the task-based results
in application domains that are not directly related to the research
problem [49]. Task abstraction is limited by ambiguity in choosing
the correct abstraction framework [38, 53] and the method used to
communicate the abstraction in the research article [38]. The visual-
ization community has recognized several task-based challenges in
the context of evaluation studies, however these challenges have not
been formalized in the context of comparative studies.

Based on our personal experience with comparative stud-
ies (e.g., [11, 12, 21, 52, 64]) and the analysis of challenges from
previous research articles [27,38,54,60] we identify four task-based
challenges (C1-C4) that can directly affect the validity of compara-
tive studies and thus influence the overall adoption and usability of
the evaluation results:

• C1: Insufficient Justification of Task Source

• C2: Missing or Incomplete Task Abstraction

• C3: Inconsistent Task Description Format

• C4: Knowledge Gap in Task-Based Evaluations

In this paper, for each challenge we discuss its effect on the
validity of different stages of a comparative study. Moreover, to
investigate if these challenges exist in published academic litera-
ture, we survey tree visualization comparative studies and analyze
20 studies to identify if they are threatened by these challenges.
Our analysis of the surveyed papers show that many studies have
insufficient task justifications and have missing or incomplete task
abstractions. Overall, we also found that task descriptions in the
existing studies are inconsistent and researchers focus on a limited
subset of analytical tasks within the possible task design space of
tree visualizations. In the paper’s challenges section (Sec. 5), we
provide quantitative evidence for the existing challenges in the tree
visualization studies. In addition to highlighting the challenges, we
also offer practical recommendations to visualization researchers
on how to identify the task-based challenges in their comparative
studies and mitigate them.

Through this position paper, we hope to draw the attention of the
visualization community to a potentially problematic component of
comparative studies. Through the BELIV workshop, we hope to
initiate further discussion on this topic and work towards collectively
identifying methods that can help our community resolve the task-
based challenges in comparative evaluation studies.
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Task: When did the earthquake happen?

Figure 1: In a comparative study, Bartolomeo et al. [21] measured the effect of timeline shape on accuracy and time of user to find an event
(”earthquake”) on the timeline. The timelines shown in this figure are an abstract representation of the stimuli used in the original evaluation study.

Contributions: In this paper, we identify and present task-based
challenges that exist in comparative studies. We provide evidence
that existing problems manifest in published tree visualization stud-
ies by conducting a comprehensive survey of comparative studies
for tree visualizations. Finally, we recommend guidelines that can
assist researchers in mitigating the task-based challenges in their
study.

2 RELATED WORK

2.1 Review of Task-Based Challenges
Many researchers have raised issues and concerns within the infor-
mation visualization community regarding how tasks are selected
and communicated in the literature. In this section, we present an
overview of the task-based challenges we found in the visualization
literature.

Problems with existing task selection process: In a review of
visualization evaluation challenges, Plaisant [54] highlights that the
current method of task selection is ad-hoc, which can result in the
collection of the wrong or incomplete tasks for an evaluation study.
Saket et al. [60] also discuss the problem of limited tasks being used
in existing visualization studies. In their review of existing evalua-
tion studies, Saket et al. found that most papers only use a subset of
tasks to benchmark the task-based effectiveness of basic information
visualizations such as table, line chart, bar chart, scatterplot, and pie
chart. They further conclude that due to the limited scope of the
evaluation studies their results are hard to generalize for future work
like curating task-based guidelines for visualizations. Kerracher &
Kennedy [38] also discuss the challenges of task selection but in the
context of task abstraction framework construction and validation.
Their work identifies the threats associated with different task col-
lection methods. For instance, if researchers use user interviews to
collect tasks, they may encounter problems like identify the right
people to interview or using the best interview method.

Problems with task description and explanation: Another
challenge associated with tasks in information visualization is re-
lated to their description and explanation. In a review of information
visualization evaluation challenges, Carpendale [16] argues that if
visualization tasks are not defined clearly, they can be hard to test
empirically and fail to provide insight into the usability of the visu-
alization technique. In another study, Ziemkiewicz & Kosara [73]
find that inconsistent phrasing of concepts in task descriptions lead
to varying comparative results in the evaluation studies. Yet another
problem with task description can be the lack of abstraction of the
visualization tasks. Due to the lack of abstraction, Plaisant [54]
reports that it is difficult to compare systems even with given tasks
and datasets while discussing the main findings of the InfoVis con-
test [35] that was established to initiate and encourage evaluation
benchmarks and methods. Since, comparative studies can span

across different domains and are not tied to a single one, it becomes
all the more important for tasks to be expressed in an abstract form
using a standard language in order to enable comparisons across
different domains.

To summarize, information visualization literature recognizes that
task-based research presents several challenges. In this work, we
systematically organize these task-based challenges for comparative
studies.

2.2 Task Abstraction and Task Space

Abstract tasks are domain and interface independent operations car-
ried out by the user of a visualization [48]. It is rather difficult to
compare different visualization tasks based on their domain-specific
languages, even though the underlying abstract tasks may be exactly
the same. Once the domain language is stripped away and the tasks
are translated into an abstract and consistent information visual-
ization language, the similarities between the tasks become appar-
ent [49]. For example, even though the tasks “Which directory has
more files directly inside: ‘/hcil/spotfire’ or ‘/hcil/spacetree’?” [7],
and “Is ‘Interest on the Public Debt’ more than half of the ‘De-
partment of Treasury’?” [37] may look different, the actions to
accomplish both tasks are the same. If expressed in abstract task
terminology, both of the tasks are the same: “Lookup the nodes to
compare degree of the topology”.

Presenting tasks in an abstract and consistent manner or providing
task abstractions along with domain specific tasks offer various
advantages to visualization evaluations and design [38]. It allows
evaluators to evaluate tools in comparative studies more efficiently
[3, 5, 43, 63], enables better communication between researchers
[58, 63], and most importantly provides a common vocabulary for
analytical task descriptions [56]. There are many task abstraction
frameworks (e.g., [4, 13, 49, 66]) but the level of granularity in task
abstraction varies greatly within the visualization literature [13].
For example, Amar et al. [4] provides ten low-level analytic tasks
that encompass a user’s activity while using visualization systems in
order to understand data. Shneiderman [66] presents a task taxonomy
on seven tasks based on seven different data types. In contrast,
Brehmer & Munzner [13] offers a multi-level task typology that
differentiates why and how a task is carried out and what are its
inputs and outputs. The typology breaks down visualization tasks
into abstract and interdependent high-, mid-, and low-level actions
that the user performs to carry out a specific task.

Although task abstraction is necessary to facilitate fair compar-
isons across different domains, it can only be done once the domain
tasks to be performed are selected or generated. In order to do so, it
is important to consider the task space, i.e., the list of all possible
tasks that can be performed using the visualization tool(s). Schulz et
al. [63] defines a design space that distinguishes five aspects of visu-



alization tasks and consolidates the vast amount of task taxonomies,
classifications, and frameworks that are scattered across the visual-
ization literature in the forms of lists, descriptions, mathematical task
models, domain-specific models of tasks, and workflows derived
from task procedures. The task design space defines 5 dimensions:
i) why a task is performed, ii) what type of data does the task need,
iii) who is performing the task, iv) when is the task performed and in
what order and, v) how is the task performed in terms of actions. The
authors also put their design space for task into practice by applying
it in climate impact research. Amongst some of the practices of task
generation are deriving from literature [71, 72] or the author’s own
knowledge, interviews with domain experts [14, 21, 46, 57, 62] and
reviewing existing systems for the tasks they support [17, 26]. For a
full list of the task generation techniques and the threats they pose,
please refer to Schulz et al. [63].

We have personally experienced the drawbacks of the above
mentioned ways of task generation in some of our previous works.
Extracting tasks from literature and existing systems is hard be-
cause of the lack of task abstraction and consistency in description.
Also relying on the author’s knowledge greatly increases the risk
of missing out on important tasks, specially in the case of com-
parative evaluations where multiple domains can be at play. We
adopted the method of interviewing domain experts in our previous
work [11, 12, 21, 52, 64] and while this is an improvement from not
justifying and validating the tasks at all, it also has drawbacks. For
example, the domain expert’s availability might be limited [23, 59].
Also, interviewing an expert from a single domain might run the risk
of introducing bias in selecting representative tasks [39]. This is be-
cause while human-computer interaction (HCI) studies that involve
usability testing of a tool with experts as participants indicate that
three to five evaluators will suffice for usability testings depending
on the particular problem [51, 67], there is no agreed upon rule on
how many expert interviews is sufficient for obtaining a represen-
tative task list. This is an interesting research question that needs
further investigation.

2.3 Comparative Evaluations in Visualizations

Data visualizations are created based on varying goals and strategies
and hence the type of evaluation in each case would be expected
to vary as per the aim of the researchers. Although controlled ex-
periments and usability studies are the cornerstones of visualization
evaluation [54], there are many other diverse metrics by which evalu-
ations have been classified. Andrews [6], Ellis et al. [22], and Hilbert
et al. [30] classify evaluations based on research goals such as sum-
marizing the efficacy of an interface (summative), providing design
guidelines (formative), comparing design alternatives (predictive),
and understanding user behaviour, performance, thoughts, and expe-
riences (observational and participative). Some make the distinction
based on whether the data collected is qualitative, quantitative, or
mixed and whether it is collected empirically or analytically [8, 19].
Researchers also differentiate evaluation methodologies based on
research strategies [45], methods [34], and evaluation scope [18].
Munzner [48] breaks down evaluations based on the corresponding
design stages of visualization development. Plaisant [54] surveyed
approximately 50 information visualization user studies and derives
four different high-level themes of evaluation: i) Comparison of de-
sign elements through controlled experiments [1,11,31], ii) usability
evaluation of a visualization tool [15,69], iii) controlled experiments
to compare two or more tools [55], and iv) case studies of tools
in realistic settings [70]. In our work, we focus on the thematic
classification by Plaisant [54], specifically on themes (i) and (iii)
pertaining to comparative evaluations between visualization tools or
elements of design within different visualization tools or techniques.

We narrow down our focus to comparative visualization studies
because the scope of task-based challenges in visualization evalu-
ation is vast and beyond the scope of this paper. Moreover, com-

parative studies are one of the most common forms of evaluation
methodology in visualization literature. In Lam et al.’s [42] meta
analysis of 850 papers, they found that investigating user perfor-
mances (UP) and user experiences (UE) were the most common
themes of evaluations. Isenberg et al. also reported UE and UP to
be the dominating evaluation scenarios [33]. Comparative evalua-
tions can encompass all of these scenarios, and are mainly used to
measure UP and UE [2, 11, 32, 47]. Finally, the tasks of compara-
tive studies can span across different domains thus task abstraction
is of paramount importance for study comparison. Therefore the
focused systematic review of task-based challenges in comparative
visualization studies in this paper is particularly important in order
to make the comparisons fair, generalizable, and independent of
domain expertise.

3 A PRELIMINARY LIFE CYCLE OF AN EVALUATION
PROJECT IN VISUALIZATION

In this section, we present an overview of the basic steps in an eval-
uation project’s life cycle as shown in Fig. 2. A full literature review
to develop a precise description of the life cycle of an evaluation
project is beyond the scope of this paper. In this section we sum-
marize the process in order to enable an effective discussion of the
challenges (Sec. 5) in the context of the different steps a researcher
goes through to conduct and publish an evaluation.

Step 1: Formulate Evaluation Questions and Hypothesis
Evaluation projects are motivated by a research question that is
generally a conjecture or hypothesis and needs further evidence to
make any conclusive scientific claims. An example of a research
question can be: “Is a node-link based tree visualization techniques
more effective in topology-based tasks than the treemap?” Therefore,
in this step, researchers carefully and exhaustively determine the re-
search question’s importance. The research question’s influence can
be heuristically estimated through methods like expert interviews
or reviews of relevant literature. The output of this phase should
usually be a clear, testable hypothesis.

Step 2: Identify Experiment Variables In this step, researchers
objectively identify the variables that will affect the hypothesis test-
ing. In quantitative evaluations, this step will include identification
of independent and dependent variables [16]. For the independent
variables, researchers should decide the strategies they use to control
the effect of independent variables. The dependent variables corre-
spond to measures that will ultimately be used for analysis like task
accuracy or task completion times. Further, the researchers should
also determine the statistical methods they will use to analyze the
results. Ideally the variables along with statistical methods should
be preregistered on an open science forum such as OSF [24, 28].

Step 3: Design the Study In this step of the evaluation project,
researchers determine the practical aspects of the evaluation study.
Here, the researchers should determine the hardware, apparatus, and
experimental set-up to use (e.g., crowdsourced versus lab experi-
ment), identify and recruit the participants of the study, design the
stimuli to be used in the study, formulate the real world analytical
tasks to test the hypothesis, implement the study and figure out the
order of tasks and experimental conditions, and set up the methods
to collect the data. After the design plan is complete, it should be
submitted to IRB for approval before collecting data and analyzing
results.

Step 4: Analyze the Results The data collected can then be ana-
lyzed through the application of appropriate statistics. The statistical
methods should be in sync with Step 2.

Step 5: Discuss the Results In information visualization, the
statistical results are often supplemented with justification or ob-
servations from the researcher [29, 36]. This step aims to enable
researchers to discuss the findings more informally and share their
opinion about the overall experiment. Researchers who conducted
the research have the first-hand experience of some exciting artifacts
which are not possible to capture in the statistical results like the
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Figure 2: This figure presents an overview of an evaluation project. The evaluation project begins with research question selection, progresses
with evaluation design steps, and deals with the collection and analysis of data and terminates with researchers presenting the results in the form
of research articles. We discuss these steps in the paper to set the background for discussion of the task-based challenges.

p-value statistics. Therefore, this step allows researchers to discuss
interesting insights that might benefit the visualization community.

Step 6: Paper Writing and Dissemination Despite the outcome
of the data analysis phase, the results from the experiment should
be communicated to other researchers. Strong statistical evidence
and other observational evidence will allow future researchers to
build guidelines and theories that will benefit the entire visualization
community. In some cases, it is possible that the results will not
show clear trends or outcomes. Even then, it is a good practice
to communicate the experiment procedure and results accurately.
These results will help future researchers assess the shortcomings
of the setup or prescribe future researchers to invest time in other
research questions. The data and code of the experiment should be
made accessible to support reproducibility of the experiment, for
more information please refer to the article by Steve Haroz [28]

4 IDENTIFICATION OF CHALLENGES AND TREE EVALUA-
TION SURVEY METHODOLOGY

The task-based challenges discussed in Sec. 5 were collected through
a grounded theory approach [19]. The first author reviewed the
visualization literature discussed in Sec. 2.1 and developed a list
of task-based challenges. After this, all the authors examined the
challenges and, with the backdrop of their personal experience and
observations while designing comparative studies, evaluated the
validity of the challenges. After a few rounds of iterations, all the
authors agreed upon the four challenges discussed in Sec. 5.

As the challenges were gathered through a qualitative research
method and based on the authors’ experience, we found it extremely
important to validate the challenges with existing comparative stud-
ies. Comparative studies are a ubiquitous evaluation method in visu-
alization literature. Therefore an exhaustive survey of all published
comparative studies was beyond the scope of this work. However, if
we scope the selection of a study belonging to a particular data type,
then we realized that the survey is feasible and within the scope of
this paper. Since all the authors had prior research experience with
tree visualizations, we chose to survey comparative studies in the
tree visualization literature.

Survey Methodology: We searched for tree visualization com-
parative studies in the three most common digital libraries that pub-
lish the visualization research papers: IEEE Xplore, ACM Digital
Library, and Eurographics Digital Library. In addition to the digital
libraries, we searched for articles on Google Scholar because there
is a chance that the digital libraries may not contain articles that may
be relevant for the survey. On the IEEE Xplore library, we searched
for the term: “Tree Visualization Evaluation”. Further, we were
able to filter articles only published at visualization conferences and
journals, including IEEE Transactions on Visualization and Com-
puter Graphics (TVCG), IEEE VIS, IEEE VAST, IEEE Pacific Vis,
and Information Visualization(SAGE Journals). After applying the
filter we found 30 papers on the IEEE Xplore library. Unlike IEEE
Xplore, ACM Digital Library and Eurographics Digital Library do
not have a feature to select the conference and journals. Therefore,
we only selected papers with all the terms “tree”, “visualization,”

and “evaluation” in the title. On applying these filters, we found 1
paper on ACM Digital Library and 1 paper on Eurographics Digi-
tal Library. On Google Scholar, the search term returned 770,000
results. In Scholar, the results are presented in order of relevance
to the search criteria. We skimmed the first seven pages of search
results (each page returns 10 papers) and determined that the first
two pages had 50% relevant papers to our survey, but by the sev-
enth page, most articles were irrelevant. However, for consistency
across search phrases, with chose to include the first 100 papers (10
pages of returned search results) to ensure we captured all relevant
material. From a corpus of 132 articles, we skimmed and filtered
all the articles that were not comparative evaluation studies. In the
end, we had a total of 20 articles that met our search criteria, i.e.,
they were comparative evaluation studies of tree visualizations. We
provide the final list of the articles in the Supplemental Material.

5 TASK-BASED CHALLENGES

Based on our analysis of the existing visualization literature and our
prior research experience, we found four task-based challenges asso-
ciated with comparative studies. Each challenge poses a threat to the
validity and usability of visualization evaluation results. In this sec-
tion, we expand on the challenges to promote awareness about these
challenges to the community and offer concrete recommendations
to mitigate the challenges. To ensure that we use a consistent clear
method to communicate the challenges, we introduce a “challenge
reporting” template:
Challenge Reporting Template:

Description: A subjective explanation of the problem.
Cause: Identification of the probable factors that contribute to

the challenge. Identification of causes is essential because it directly
affects how we build recommendations or guidelines to mitigate the
problem.

Effect: Identification of the steps in the life cycle of an evaluation
project (Sec. 3) that may be affected by this challenge and discuss
them in detail. This effect discussion is important as each challenge
has the potential to invalidate an evaluation project.

Evidence: Presentation of evidence from the surveyed tree vi-
sualization comparative studies to support the challenge. For an
objective analysis of the problem, we quantify the evidence using
measures that can generalize to future surveys.

Guidelines: A proposed set of guidelines or best practices cor-
responding to each challenge that we argue may help mitigate the
effect of the problem. These guidelines were extrapolated from
our review of related works. We divide the guidelines into two
categories: “Researchers” and “Community” based on the intended
target audience for the guideline.

5.1 C1: Insufficient Justification of Task Source
Description: Comparative studies may fail to describe the source
of the tasks and provide an explicit rationale for selecting the tasks.
The tasks used in a comparative study represent the type of questions
or queries researchers want the user to answer with a visualization.
For instance, through the task “Which directory includes a deeper



hierarchy: ‘Flutes’ or ‘Guitars’?” [40] the researchers are trying
to compare four tree visualization techniques on their capability
to display the depth or height of a tree dataset. The tasks used
in these studies are critical to the design of a study because an
incorrect selection of tasks may discard the entire evaluation. Given
the essential nature of tasks, we assumed that researchers would
explicitly discuss the source and rationale of the included tasks
in the research articles they write to summarize the experimental
procedure and results. However, for the tree papers we reviewed, we
found a number of papers (discussed later in the Evidence section)
that did not have an explicit rationale for the tasks included in their
study. Some papers did not even have a clear description of the
source of the tasks.

Cause: Existing literature effectively guides how to report ex-
perimental methods and results of an evaluation study [20, 25], but
they do not focus on the specifics of how to communicate the source
and rationale of tasks used in a study. The primary cause of this
problem may be a lack of a clear understanding of what constitutes
a source and rationale for the tasks. In the guidelines section of this
challenge, we present a list of task sources and provide some role
model examples of how to describe the rationale for choosing a set
of tasks.

Effect: Insufficient justification of the tasks can cause a problem
in the very early stages of an evaluation project. If the researcher
does not provide the fundamental reason for the task source, then
all the steps after Stage 3: Design the Study (Fig. 2) become irrel-
evant because other researchers will not accept or use the results.
Therefore, this challenge may have the most severe consequence
and should be dealt with appropriately.

Evidence: Compared to the other parts of the methodology sec-
tion like the evaluation procedure and data analysis, we noticed that
task source and rationale were under specified in the reviewed tree
visualization papers. Out of the 20 tree visualization papers, 50% did
not mention a clear source for their tasks, and a staggering 70% of
these did not provide a clear rationale behind the selection of tasks.
For instance, Kosba et al. [40] describe the source as “The task se-
lection was also informed by a very early version of the InfoVis 2003
contest tasks. In some cases, questions had to be rephrased using a
more technical terminology in order to make them unambiguous.”
However, the paper did not discuss aspects such as “How did they
rephrase the tasks?” and “What ambiguity made them to do it?” In
another example, Barlow et al. [9] mention that “The tasks used to
evaluate the compact views were based on the requirements of the
user in a data mining context.” However, they do not discuss the
users nor do they reveal the methodology used for collection of the
tasks. These examples demonstrate how the task source is under-
specified and how many tasks are included in the studies without
proper rationale. We provide more details about other papers in the
Supplemental Material.

Guidelines for Researchers: To mitigate this challenge, we rec-
ommend researchers mention and describe the source of the task
explicitly in their published papers. Kerracher & Kennedy [38]
identify seven categories of task sources: derive from literature,
interview with domain experts, a survey of visualization experts,
observational strategies, system review, author’s knowledge, and
derive from existing frameworks. All the above categories should
be considered acceptable as long as researchers are clear about the
motivation and reason behind choosing one source over the other. In
addition to the source, researchers should also provide the rationale
for selecting the set of tasks. The rationale is usually a justification
that clarifies and supports the decision to choose a set of tasks. For
instance, Santos et al. based their task selection on the fact that their
visualization was designed to evaluate 3D information. The task
selection was expected to test the tree visualization techniques that
support 3D information display [61].

Guidelines for Community: Identification of tasks for evalua-

tions can be challenging for researchers due to the lack of availability
of domain or field experts to interview, or lack of understanding of
the literature to correctly identify analytical tasks through survey
methods [38]. To resolve this problem, Plaisant [54] proposes the
creation of task datasets. The task dataset is an exhaustive collec-
tion of visualization tasks which can be built by a literature survey or
collaborative data collection methods. Such datasets can be used as a
verified resource for researchers to recognize tasks for a visualization
evaluation.

5.2 C2: Missing or Incomplete Task Abstraction
Description: Comparative studies may fail to abstractly represent
a visualization task that includes domain or dataset-specific termi-
nology. Evaluation tasks should be simple and resemble real-world
problems [54]. Consequently, in the tree visualization survey we ob-
served the tasks reflect the properties of the underlying dataset to re-
semble familiarity with the problem. However, the usage of dataset-
specific terminology can often be misleading, and researchers may
fail to notice a similarity between two tasks. Let us consider
tasks T1: “Compare the directories ‘/projects/ravon/control/’ and
‘/projects/ravon/navigator/’. Which one is the larger one?” [50] and
T2: “Which directory has more direct sub-directories: ‘/hcil/about’
or ‘/hcil/eosdis’?” [7]. T1 and T2 were used in two different studies,
therefore the language used in the tasks is different. However, in
both T1 and T2, researchers want the users to compare the size
of two sub-directories, which is easy to miss if the tasks are not
abstracted. In many research papers, we noticed that the dataset ter-
minology influenced the evaluation study tasks, but the researchers
did not present an abstract description of the dataset. We argue that
this challenge reduces the transparency of a task in the evaluation
study and leaves the responsibility of abstraction on the person who
is reading the paper in the future.

Cause: Information visualization provides many theoretical task
abstraction frameworks but lacks guidance on how to use these
frameworks in practice (see Sec. 2.2). The availability of several
competing frameworks with limited guidance on how to use them
makes it hard for researchers to choose the right abstraction method.
Moreover, the literature also lacks clear consensus on the task ab-
straction specificity. For instance, in Fig. 3 (1) we can notice that
authors provide a group level and task level abstraction in their
study, i.e., for the first “Overview” is the group-level abstraction
and “Deepest Subdirectory” is the task-level abstraction. However
Fig. 3 (3) provides only a group-level abstraction without “Evaluate
downward navigation extension”. The combined effect of multiple
abstraction frameworks and lack of guidance on how and what to
abstract may be the main reasons for this challenge.

Effect: Missing or incomplete task abstraction can affect an
evaluation project at multiple stages. At Stage 3: Design the Study,
without an abstraction researchers may use redundant identical tasks
in the experiment. Abstraction will ensure that researchers add a
variety of tasks to the evaluation. At Stage 4: Analyze the Data the
lack of abstraction may miss the opportunity to analyze trends in the
results. For instance, in tree visualizations, two common types of
targets are “Topology” and “Attribute” [49]. If the researchers know
the task abstraction, then they can analyze trends between topology
and attribute tasks. For example, a Node-Link encoding for tree
visualization is more efficient with topology tasks, but a Treemap is
more efficient with attribute tasks. At Stage 6: Paper Writing and
Dissemination without the task abstraction, other researchers may
fail to analyze the results and reduce the usability of the evaluation
results.

Evidence: For each tree visualization paper we surveyed, we
reviewed the paper in detail and categorized it into one of three
categories of abstraction:

• No Task Abstraction: The paper does not include abstract
information with the tasks.
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The effect of animated transitions on user navigation in 
3D tree-maps by Bladh et al.

A Comparative Study of Four Hierarchy Browsers using the Hierarchical Visualisation Testing Environment (HVTE) by Andrews et al.

Figure 3: The figure shows variation in task description format used in tree visualization comparative studies. This figure highlights that there is a
lack of general technique to report the tasks used in comparative studies. The most specific description is shown in the top figure (1), where
the tasks are presented with abstraction and instructions [7]. The task descriptions shown in bottom row (2 & 3) do not have instructions for the
tasks [10,61], that may hinder its replication by other researchers.

• Group-Level Task Abstraction: The paper does not abstract all
tasks, but provided a group-level abstraction.

• Individual Task Abstraction: The paper contains abstractions
for each task in the study.

We present the categorization results in Fig. 4 (Abstraction Distribu-
tion). The results demonstrate that 30% of the papers were missing
task abstraction, while 30% only provided partial group-level task
abstraction.

Guidelines for Researchers: To mitigate the challenges, we rec-
ommend researchers to adopt a suitable task abstraction framework.
There is a lack of conclusive proof in the existing visualization lit-
erature that will support one abstraction framework over the other.
Therefore, we argue the choice of abstraction framework should
rest with the researcher. However, the researcher should justify the
reason for adopting the particular task abstraction framework. Addi-
tionally, we argue that researchers should abstract each task they use
in the comparative study if the task’s terminology consists of domain
or dataset-specific references. We believe task level abstraction will
not just assist other researchers in understanding the tasks but also
prove to help eliminate redundant tasks in the study design.

Guidelines for Community: This challenge also raises a broader
question on the usage and evaluation of extant task classification
frameworks. Kerracher & Kennedy [38] summarize that the adop-
tion, evolution, and demise of task classifications “in the wild” may

provide valuable information about their descriptive abilities, com-
prehensiveness, usefulness, and usability. The visualization com-
munity needs to conduct such “in the wild” studies and develop
guidelines that will assist researchers in choosing the right task
abstraction frameworks to use under different conditions.

None
30%

Group
30%

Individual
40%

ABSTRACTION DISTRIBUTION

TD
55%

TDA
15%

TDAI
30%

TASK FORMAT  DISTRIBUTION

Figure 4: Abstraction Distribution corresponding to C2: Missing or
Incomplete Task Abstraction shows the variation in task abstraction
techniques. 70% of the papers had none or only group-level abstrac-
tion. Task format Distribution corresponding to C3: Inconsistent Task
Description Format shows the variation in task description format.
55% of the papers did not present instructions and abstractions, along
with the task description.



5.3 C3: Inconsistent Task Description Format
Description: Comparative studies do not have a standard method
for how to frame the task used in an evaluation study which leads
to inconsistent task descriptions across studies. In our survey of
comparative evaluations of tree visualizations, all papers contain
an explicit list of tasks in the body of the paper. We found that
research papers often use more than one task to evaluate the visu-
alization’s performance in terms of task accuracy and completion
times. However, we noticed that the method of task presentation was
inconsistent across papers. Tasks descriptions used in three different
papers are shown in Fig. 3 (1-3). In Fig. 3 (1), the authors also
present the abstract categorization of the task and the instructions
they presented to the participants in the study [7]. However, in Fig. 3
(2 & 3) the authors present only the task that they used [10, 61].
In a published paper the task description and experimental instruc-
tions are important to ensure that other researchers can replicate the
study [25]. The lack of specificity and supplemental information
about the tasks used in the comparative study may inhibit the study’s
accurate replication.

Cause: The inconsistency in task description may be attributed to
the lack of proper information on task-reporting best practices within
the information visualization community. We reviewed BELIV 2018
papers where replication and reproducibility were a common topic
of discussion among the published papers [41, 44, 68]. However,
in these papers, we did not find a thorough analysis or discussion
of how task phrasing and description can play a role in experiment
replication. This lack of acknowledgement by the community on
the importance of task phrasing and reporting for study validity and
replication, and lack of supporting guidelines on how to consistently
report tasks, has caused this challenge.

Effect: Inconsistent task description in existing research papers
can confuse researchers designing studies at Stage 3: Design the
Study. Researchers may not find a precise method of how to phrase
tasks and present it to their participants. This problem will further
be reflected when the researchers write the paper (Stage 6: Paper
Writing and Dissemination). This may inhibit future researchers
from understanding the evaluation design.

Evidence: For each tree visualization paper we surveyed, we
reviewed the paper content and binned them into three categories
based on the task description format in the paper:

• Task Description (TD): The explicit task list only communi-
cated the tasks used in the study e.g., Fig. 3 (2).

• Tasks with Abstraction (TDA): The papers that included ab-
straction along with the task description e.g., Fig. 3 (3).

• Task with Abstraction and Instructions (TDAI): The papers
that included both abstraction and task-wise instructions in the
task description e.g., Fig. 3 (1).

It is important to note that some papers may provide an overview
of the task instructions in the paper but the information is too dis-
connected from the task description. As the point of this challenge
is to facilitate communication of the tasks, we argue that the TDAI
method is most suitable for task communication because it bundles
all the important aspects of the tasks together and facilitates readers
to find the information more conveniently. The tagging results of
this challenge in Fig. 4 (Task Format Distribution) shows that 30%
(TDAI) of the papers are already using descriptive task information.
But 70% (TD and TDA) miss out on the opportunity to provide their
readers detailed information about the tasks in an objective and easy
to parse manner.

Guidelines For Researcher: We recommend researchers to use
a task description format similar to the one shown in Fig. 3 (1)
because the form is most specific and leaves little or no room for

speculation about how the tasks were conducted and what was the
abstract intention of the researcher behind including the task.

Guidelines for Community: Consistency problems in the task
description may include sub-problems such as the consistency of the
task phrasing in terms of words from conventional taxonomies, e.g.,
“identify” and “summarize”, or identify the level of detail which tasks
should be displayed to study participants and other researchers. The
visualization community should recognize the low-level challenges
that inhibit creating a standardized task-description format across
comparative studies and suggest guidelines and methods to eliminate
these challenges.

Action(Query) Lookup Locate Browse Explore

Identify 18 2 2 2

Compare 7 2 1

Summarize 2 4

Action(Search)

Topology Query Tasks

Action(Query) Lookup Locate Browse Explore

Identify 13 10 9 10

Compare 8 2 6

Summarize 1

Action(Search)

Attribute Query Tasks

1 18
Count of Tasks

Figure 5: Summary results of the task abstraction of 99 analytical
tasks collected from the tree visualization papers. We break up the
results for “Topology” and “Attribute” targets. The count in each cell of
the tables corresponds to total number of tasks.

5.4 C4: Knowledge Gap in Task-Based Evaluations
Description: Existing comparative studies evaluate only a subset
of the task design space. As discussed in Sec. 2.2, Schulz et al.
argues that, similar to the visualization design space, tasks also have
a design space, i.e., all possible combinations of analytical queries
a user can perform with a visualization. However it has been ob-
served in previous work that visualization evaluations often evaluate
a subset of tasks [54, 60]. The issue of an evaluation limited in its
coverage of the task-design space is common in tree visualization.
The limited coverage of tasks in comparative studies creates an im-
balance in the knowledge of the visualization technique. According
to Plaisant [54], the effectiveness of a visualization should not be
based on a task but rather depend on how well the visualization
performs on all the relevant tasks. Through the case of tree visual-
ization, we introduce a method to identify the task-design space by
using a task-abstraction framework and present tools that will assist
researchers in communicating exhaustiveness of their task-based
comparative study.

Cause: A primary reason for this challenge is the lack of adoption
of the concept of a design space for tasks [63]. The design space of
tasks allows researchers to enumerate all the possible combinations
of tasks that a user may want to perform with a visualization tool
and may support easy identification of tasks that have previously
been evaluated in studies.



Effect: This challenge directly affects Stage 3: Design the
Study and Stage 6: Paper Writing and Dissemination. In Stage 3,
if researchers are not adequately aware of the design space of tasks,
they might fail to identify tasks that were necessary for evaluation
but missed them due to an error in the task selection method. In
Stage 6, due to this challenge, the authors fail to communicate the
evaluated task design space and open research areas. This shortcom-
ing in communication can inhibit researchers interested in expand-
ing task-based knowledge about visualizations through future work.
This challenge may lead to future researchers conducting redundant
studies.

Evidence: We collected all the tasks used in the surveyed tree
visualization papers and abstracted the tasks using the Multi-Level
Task Typology (MLTT) Framework [13]. We use this framework
because it allows us to specify actions and targets of the analytical
task, thus providing more detailed insight into both the intention
(action) of the user and the item of interest (target). After abstraction,
we reviewed coverage of the task design space for the target as shown
in Fig. 5. We analyze “Topology” and “Attribute” separately. From
these results we observe that some aspects of the tree visualization
tasks are more thoroughly evaluated than others. Studies are more
inclined towards “Identify” and “Lookup” tasks. While some other
tasks like “Summarize” are not well evaluated, researchers and
practitioners have little guidance on how tree visualizations support
the “Summarize” tasks.

Guidelines for Researchers: Researchers should explicitly com-
municate and justify the evaluated design space. To determine the
task design space, a user should enumerate the possible combina-
tions of analytical tasks a user can perform within an abstraction
framework. For instance, in Fig. 5 we can see that a user can per-
form four search tasks (Lookup, Locate, Browse, Explore) and three
query tasks (Identify, Compare and Summarize). Therefore, for
the Multi-Level Task Typology [13], the task design space consists
of 12 (4 ∗ 3) analytical tasks. After enumerating the task design
space, researchers can objectively communicate the tasks they have
evaluated, as we have done in Fig. 5. As discussed in the evidence
paragraph, the figure allows other researchers to see the tasks being
assessed and open areas of research that the study did not evaluate.

Guidelines for Community: This challenge also presents the
need for a task dataset. A task dataset, as discussed earlier in Chal-
lenge 1, is an exhaustive collection of visualization tasks. For exam-
ple, a task dataset could be focused on a specific domain, a specific
type of data, or a specific visual encoding. The task dataset can be
a central resource for researchers conducting comparative studies
to look up for tasks that have not been evaluated in the existing
literature. Researchers can also add tasks they have evaluated in a
comparative study to the benefit of other researchers.

6 DISCUSSION AND FUTURE WORK

In this paper, we present four task-based challenges of comparative
evaluation studies identified through a hybrid method of literature
review and personal experience. We found that common task-based
problems we experienced in our own research have been discussed
previously in different capacities by other researchers [27, 54, 60].
Furthermore, our survey and analysis of tree visualization compara-
tive studies revealed that a large proportion of papers do not provide
adequate information about the task source (C1), abstract definition
of the tasks (C2), necessary information about the task procedure
to support replication of the experiment (C3), and a through anal-
ysis of the open areas of the research (C4). Identification of these
problems enabled us to reflect on ways researchers and visualization
community can solve these problems.

Our paper provides practical guidelines to mitigate these task
based challenges. Below we provide a checklist based on the C1,
C2, and C3 guidelines to assist researchers communicate tasks in
their research and publications in a transparent easy to use manner:

Researcher Checklist for Publication:

Authors should,

• Explicitly mention the source of tasks, the reason for choosing
the source and rationale for selecting the evaluation tasks.

• Provide task-level abstraction.

• Describe the task level procedure to ensure replication of the
experiment by other researchers.

C4, as discussed Sec. 5, may not directly affect the validity of
results, but the task space analysis may have an impact on the ex-
haustiveness of the study design. Researchers can identify early on
in their study design process about tasks they might have missed.
The task space analysis will also benefit the broader visualization
community as it can be a source to identify potential areas of future
work. Therefore, we recommend researchers should include the
information of the evaluated task space as supplemental material.

Our community guidelines underscore the importance of creat-
ing a task dataset. We envision the task datasets should store an
exhaustive list of analytical tasks related to visualization encoding
and evaluation results demonstrating the effectiveness of encoding
with a set of tasks. These datasets can be valuable resources for vi-
sualization researchers designing evaluation studies or practitioners
looking for guidelines to choose the right visualization encoding,
given the analytical tasks.

In this paper, we present a preliminary validation of the challenges.
Therefore, we want to evaluate the problems and proposed guidelines
further. There can be multiple ways to assess the challenges. We are
particularly interested in interviewing researchers who have worked
with comparative studies in the past. In the expert interview, we
could collect more information on the challenges other researchers
have faced in comparative studies. We also could gather expert’s
opinions on the guidelines we proposed for the challenges. The
opinion may further help refine and improve the guidelines for
mitigating the task-based challenges in comparative visualization
studies.

Although, our proposed guidelines are derived from the lens of
comparative studies, we believe the guidelines may be applicable
more generally to other evaluation methods discussed in Sec. 2.3 as
well as design studies. For instance, design studies with usability
evaluations can also follow the proposed guidelines to ensure that
they are identifying the right usability tasks and also communicating
the tasks more transparently.

7 CONCLUSION

Appropriate task selection and transparent task communication are
essential to the design of comparative studies. However, the current
methods of task selection and communication in comparative studies
have several shortcomings. We identified four task-based challenges
that can potentially affect the validity and usability of a comparative
visualization study. Corresponding to each problem, we provide nec-
essary details to enable visualization researchers and practitioners
to recognize the cause of the challenge and have a precise under-
standing of how the challenge affects a comparative study. We also
surveyed 20 tree visualization comparative studies to determine if
they were affected by the proposed task-based challenges in any
capacity. Our results demonstrate that several tree visualization com-
parative studies lacked task source, the rationale for task selection,
abstract descriptions of the domain tasks, and an under specified task
communication format. To ensure comparative studies in the future
minimize these problems, our work proposes a checklist of guide-
lines to assist researchers with careful task selection and accurate
task communication.
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