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A Review and Analysis of Evaluation Practices
in VIS Domain Applications

Yiwen Xing , Gabriel D. Cantareira , Rita Borgo , and Alfie Abdul-Rahman

Abstract—This article presents a review and analysis of evalu-
ation practices within the visualization and visual analytics (VIS)
domain, with a focus on domain application work accepted at the
IEEE VIS conference from 2018 to 2022. Through the analysis of
140 pertinent article, we establish a detailed classification principle
for evaluation practices, using the Who, When, What, and How
indicators. This principle covers facets such as analysis methods,
targets, scenarios, participant expertise, and stages of occurrence.
By systematically categorizing the application domains presented
in these works, we apply our established classification principle
to discern and categorize the evaluation practices within them,
identifying the prevailing characteristics and trends. The article
explores the variety of evaluation methods employed across dif-
ferent application domains and observes the distinctions in their
usage. In conclusion, we provide insights and highlight concerns for
conducting evaluations in upcoming domain application research.
Our findings are intended to inform and guide subsequent studies
in a similar context.

Index Terms—Evaluation methods, visualization application.

I. INTRODUCTION

V ISUALIZATION and visual analytics (VIS) play an in-
strumental role in various domains, assisting analysts in

interpreting and navigating complex data and phenomena. With
the escalating demand for domain-specific visual solutions, there
is an expanding body of VIS application research dedicated to
devising visualizations and visual analytics applications specif-
ically tailored to meet distinct domain challenges. Beyond the
core application, the evaluation process is a critical component.
Such evaluations are essential in validating domain require-
ments, tasks, and design choices, ensuring that the developed
applications resonate with the set objectives and stand out in
terms of their usability and utility. Evaluation is indispens-
able throughout the design and development phases of applica-
tions. As the landscape of visualization broadens, collaborating
with professionals from diverse domains, each bearing distinct
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characteristics, may naturally lead to varied evaluation practices.
This diversification is further amplified as the contemporary VIS
application research landscape evolves, incorporating trends like
the integration of Artificial Intelligence (AI) algorithms and
immersive technologies. Given this backdrop, we are keen to
explore the nuances in evaluation practices across application
domains and how emerging trends might shape these practices,
thereby offering a timely review of application papers from the
last five years accepted at the IEEE VIS conference.

Given the pivotal role of evaluation in VIS applications,
it becomes imperative to observe and comprehend the pre-
vailing evaluation practices and trends across various appli-
cation domains. Extracting insights from these trends can aid
in sidestepping potential pitfalls, paving the way for a more
streamlined evaluation blueprint for future researchers conduct-
ing research in a similar context. This realization was the catalyst
behind our decision to dive into these evaluation practices.
Consequently, this paper embarks on a journey to examine
the evaluation practices dominant in VIS domain application
research. Our objective is twofold: 1) to offer a comprehensive
perspective on contemporary evaluation methodologies; and 2)
to provide insights that can guide future research in similar
contexts.

To achieve our objectives, we adopted a systematic review
methodology [1]. Our approach was anchored by a classification
principle, demarcated by four indicators: Who, When, What,
and How. These indicators were instrumental in delineating the
evaluation practices, allowing for a meticulous categorization
of evaluation sessions. Following a rigorous paper selection
process, we delved into understanding the interconnections, cor-
relations, and disparities among the indicators, as well as the dis-
tinctions spanning various application domains. Our exploration
encompassed the identification of trends, the characterization
of unique features, and the extraction of dominant evaluation
methodologies.

In conclusion, this paper provides a detailed analysis of eval-
uation practices in the VIS application domain over the past
five years. Our primary contribution lies in the establishment
of a classification principle, enabling a structured review of
evaluation sessions. We also identified and discussed the rela-
tionships and differences among the evaluation practices in var-
ious application domains. Our discussion aims to inspire future
research directions in evaluation methodologies within the VIS
application domain. Through this work, we aspire to contribute a
reference that supports the advancement of evaluation practices
in VIS domain application research.
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II. BACKGROUND AND RELATED WORK

This section offers an overview of prior research on evalua-
tion practices within the visualization domain, with a focus on
visualization applications and emerging trends in VIS.

A. Evaluation in Visualization

Evaluating visualization techniques and applications holds
critical importance in the VIS domain. Over the years, various
challenges have been identified in conducting evaluations [2],
[3], [4], leading to the development of a range of objectives,
scenarios, and methods. As a case in point, Lam et al. [5] in-
troduced seven guiding scenarios specifically tailored for infor-
mation visualization evaluation. Subsequently, this foundational
framework was broadened by Isenberg et al. [6] to encompass
the wider spectrum of the VIS domain.

The evaluation studies in VIS have primarily focused on the
usability and effectiveness of specific visualization techniques,
applications, and systems [7], [8]. There is also a growing
emphasis on evaluating user experience goals, which has en-
couraged further exploration of evaluation practices within this
context [9]. Additionally, gaining insights is increasingly rec-
ognized as an important aspect of visualization evaluation [10],
[11], [12]. Stasko [13] proposed a value-driven evaluation frame-
work, highlighting a system’s value through four capabilities:
answering questions effectively, fostering insight generation,
conveying data essence, and building confidence and knowledge
about the data’s domain and context.

The VIS community employs a diverse range of evalua-
tion methods. Quantitative and qualitative methods are used,
including surveys, interviews, focus groups, case studies, and
controlled experiments. Carpendale [2] provided an overview
of various empirical evaluation methods, discussing their ad-
vantages and disadvantages. Tory and Möller [14] highlighted
the benefits of expert reviews and evaluations involving domain
experts, while North [10] proposed an insight-oriented technique
using open-ended protocols.

Drawing parallels with other disciplines, the evaluation prac-
tices in VIS reveal a blend of commonalities and distinct char-
acteristics. Crisan and Elliott [15] note that while evaluative
practices in VIS are insightful, they seldom undergo comparative
analysis with practices in fields like psychology or sociology.
This underscores the potential for a more integrative approach,
drawing parallels and distinctions between VIS and other em-
pirical disciplines. Despite the extensive body of research ded-
icated to dissecting, consolidating, and categorizing evaluation
practices in the VIS domain, there remains a conspicuous void.
Specifically, there is a dearth of studies that perform a compar-
ative analysis of evaluation practices across varied VIS appli-
cation domains. While certain reviews, such as those focusing
on medical visualization [16], offer domain-specific insights,
holistic cross-domain comparisons are still few and far between.

B. Visualization Domain Applications and Design Study

In recent years, there has been a growing interest in the appli-
cations of data visualization in various industries and domains.

Recognizing the need for tailored designs, domain-specific anal-
ysis techniques, such as Domain Analysis for Data Visualization
(DADV), have emerged [17]. Weber et al. [18] examined the
evolving trends in visualization application papers, discussing
the criteria for assessing application papers and emphasizing the
growing engagement in interdisciplinary research. Their work
underscores the importance of assessing how these applications
meet cross-disciplinary challenges, reflecting visualization’s
growing complexity and diversity in practical contexts.

The IEEE VIS community has been at the forefront of
this movement, championing the integration of visualization
across diverse domains. They not only encourage discussions
centered on tangible real-world visualization applications, but
also prominently feature “Applications” as one of the five
core areas in VIS [19]. Overall, VIS application domain fo-
cuses on developing effective visualization techniques that can
be applied in different domains to support a variety of data
analysis tasks.

Many visualization applications are recognized as outputs
from design studies, aligning with the definition by Sedlmair
et al. [20]: “a project in which visualization researchers analyze
a specific real-world problem faced by domain experts, design a
visualization system that supports solving this problem, validate
the design and reflect about lessons learned in order to refine
visualization design guidelines.” These studies are essential to
integrating domain knowledge and active collaboration with
domain experts. Additionally, various frameworks and models
have been developed to provide guidance and support rigor-
ous design studies [20], [21], [22], [23]. Viewing design as a
method of inquiry and considering its diverse, subjective, and
socially constructed contributions, validating activities during
the design process has gained importance [24], [25]. Historically,
design studies and related evaluations have focused mainly
on deployed, operational applications. However, there is in-
creasing recognition of the value of leveraging complex and
nuanced learning through deep engagement with people, data,
and technology.

C. New Trends in Visualization Applications

Recent advancements have seen visual analytics technologies
increasingly augmented with Artificial Intelligence (AI) tech-
niques and immersive approaches. The interplay between AI
and VIS unfolds in two key areas [26]: AI for VIS (AI4VIS)
using AI technologies in visualization applications to enhance
data analysis and visualization capabilities [27], and VIS for
AI (VIS4AI) focuses on improving the explainability of AI
models through visualization techniques [28], thus establishing
AI as an application domain within VIS, comparable to tra-
ditional domains. Do emerging trends carry unique properties
that may impact evaluation practices? For instance, AI-enhanced
VIS applications may require assessments centered on algo-
rithmic performance, while immersive technologies call for
evaluations prioritizing user experience in three-dimensional
contexts. This review briefly investigates these trends’ effects
on evaluation methods, highlighting areas for future in-depth
research.
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III. METHODOLOGY AND APPROACH

To obtain a systematic understanding of the current state
of evaluation in visualization domain application research, we
performed a qualitative literature review. Qualitative literature
reviews [29] are common methods in various scientific fields,
employed to summarize and analyze existing studies to gain
insights into specific topics, phenomena, or issues. The method-
ology and approach of our literature review are detailed in the
subsequent section.

A. Choice of Literature

Visualization, with its inherent applicability and propensity
for interdisciplinary collaboration, possesses a unique character.
Research focused on domain applications is particularly promi-
nent within the VIS domain due to these attributes. Evaluative
activities, especially those that involve human participants, are
pivotal in such research, acting as a gold standard for gauging
the quality of the research output. This understanding formed the
foundation for our emphasis on domain application research.
To understand recent evaluation practices in visualization do-
main application research, we began with all 620 full papers
accepted at the IEEE VIS: Visualization & Visual Analytics
Conference over the past five years (2018-2022). This venue
was selected due to its prestigious status as an annual conference
focused on scientific visualization, information visualization,
and visual analytics. The chosen timeframe of five years is
intended to capture emerging trends. In the area model of the
IEEE VIS [19], a specific category is designated for application
research, aligning closely with the theme of our review. Although
this model primarily aids authors during submission and does
not enable the direct retrieval of papers classified under the
“Application” category from published works, it still serves as
a valuable guide for our study. Consulting the area model, we
initiated the screening process by conducting keyword searches
within the abstracts of these articles. We adopted a targeted
approach to pinpoint research emphasizing applications, insist-
ing that these studies not only engage with specific domains
but also incorporate evaluation practices. From this procedure,
303 application-centric papers were identified that fulfilled both
domain involvement and evaluation criteria, forming our prelim-
inary dataset. This collection underwent further manual iterative
filtering and coding, narrowing to a refined set of 140 articles
designated for detailed examination. The methodology behind
our screening, including keywords used and filtering rationale,
is detailed in Fig. 1.

As a primary outcome of a design study, VIS application re-
search encompasses key components such as conducting domain
requirements analysis, implementing visualization applications,
and evaluating these applications, which are subsequently re-
ported in scholarly articles [20]. Our review focuses explic-
itly on domain-focused applications, where we assessed the
presence of domain integration within the papers. The criteria
for paper selection were iteratively refined during the manual
coding process. It is important to emphasize that our selec-
tion was based exclusively on the content presented within the
papers. This approach might inadvertently omit some studies

Fig. 1. The literature screening process.

that fulfilled our criteria but did not explicitly detail them
in their publications. The filters we ultimately employed are
as follows:
� Requirements Analysis: This criterion assesses whether the

paper addresses domain requirements or task analysis. It
encompasses refined requirements derived from interac-
tions with domain experts, challenges identified through
extensive literature reviews, and the exploration of the
design space by pinpointing gaps in existing solutions. The
goal is to ensure that the research is grounded in real-world
needs.

� Application Implementation: This filter evaluates whether
the paper provides a detailed introduction to the applica-
tion’s implementation. It looks for a detailed presentation
and description of the application, be it a system, or a
framework. The emphasis is on understanding the technical
underpinnings, design choices, and the overall functional-
ity of the developed application.

� Evaluation: This filter examines if the paper introduces any
form of evaluation. An evaluation, in this context, refers to
a set of designed evaluation practices crafted for what needs
to be assessed. It can manifest itself as a combination of
diverse evaluation activities or can be presented in the form
of a case study. The essence is to determine the rigor and
depth of the evaluation process undertaken in the research.

� Domain Integration: This criterion assesses the extent of
domain integration within the paper. For quintessential
domain application articles, specific domain integration is
vital. However, for data-driven or domain-agnostic arti-
cles, inclusion in our scope depends on the application’s
presence in one or multiple domains, especially during
evaluation. The goal is to ensure that the research is both
theoretically robust and practically applicable in real-world
domains.

B. Choice of Codes

Within the scope of VIS application research, it is common for
a study to include multiple evaluation sessions, each designed
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with precision to validate specific objectives and content. For
example, evaluation activities during the requirements analysis
phase often focus on gaining insights and involving domain
knowledge. In contrast, post-deployment evaluations might con-
centrate more on assessing the application’s usability. During
our review process, we aimed to distinctly categorize differ-
ent evaluations to explore the nuances in evaluation practices
across various sessions. To achieve this, we adopted methods
from other fields to define events precisely. Originating from
the field of journalism, the “Five Ws and How” framework
offers a comprehensive approach to capturing the essence of any
event [30]. This approach guarantees a thorough examination
of all pivotal facets of an event, offering a comprehensive per-
spective. Mirroring practices in User-Centered Design [31], this
framework has found frequent application in framing evaluation
sessions (events), as detailed below, focusing solely on three of
the original five Ws.
� Who: Refers to the participant, pinpointing the target de-

mographic for the evaluation.
� When: Explores the context or timing, identifying the

specific phase of the project or research during which the
evaluation takes place.

� What: Centers on the specific task or objective of the
evaluation, elucidating what precisely is under assessment
or validation.

� How: Encompasses the methods, techniques, or ap-
proaches employed for the evaluation.

Given this framework, we define an evaluation session (event)
in each individual research based on the Who, When, and What
indicators. We consider a set of evaluation practices conducted
with the same or different types of participants, during a specific
phase of project development, and aimed at a particular evalu-
ation task as a singular evaluation session. Within each of these
sessions, the specific evaluation methods (How) are central to
our data coding and analysis, derived directly from the content
of the literature.

Broadly, our coding scheme bifurcates into two segments:
Basic Information and Filter Codes: This encompasses the

collection of fundamental details about the paper, including its
year of acceptance, application domain, and data-driven nature.
Additionally, it includes the four filters previously mentioned
in Section III-A – the integration of requirements analysis,
implementation, evaluation, and domain. Recognizing the im-
portance of certain nuances, we also extracted information on
the provision of an evaluation protocol and the involvement of
domain experts during the requirement and task analysis stages.
Regarding the emerging trends and their potential impact on
evaluation practices, we categorized papers based on their align-
ment with AI4VIS and VIS4AI, or their focus on applications
integrated with immersive techniques.

Evaluation Practices Information and Codes: This segment
delves into the specifics of the evaluation practices adopted in
the papers, branching out from the four indicators mentioned
above. For the Who indicator, we established two categories:
domain expertise and number of participants. Referencing Burns
et al.’s [32] taxonomy of participant roles, we categorize partic-
ipants by their expertise in the application domain. A separate

code was also assigned to VIS or UX researchers who partici-
pated in the evaluations. Under the When indicator, considering
the core stages in a design study [20], we broadly segmented the
application development process into three milestones: design,
development, and deployment. We documented the phase during
which various evaluation sessions transpired in the papers, not-
ing if any iterative evaluations were followed up with tangible
refinements and improvements. Additionally, preliminary user
studies in the early stages were also considered as evaluation.
For the What indicator, we adopted the eight VIS evaluation
scenarios proposed by Isenberg et al. [6], which were initially
derived from the seven scenarios presented by Lam et al. [5].
During our coding process, we expanded this list with two addi-
tional codes: ESG (Evaluating Scalability and Generalizability)
and EUV (Extended User Validation). Under the How indicator,
we listed a variety of methods that are frequently employed in
both qualitative and quantitative evaluation studies.

A detailed enumeration of our codes and their specific mean-
ings is provided in Table I.

C. Coding Procedure

Four coders, all co-authors, were involved in the literature
assessment process. Initially, we held a brainstorming session to
discuss paper filtering criteria, key evaluation factors, and coding
methodology. During our kickoff meeting, we conducted a trial
coding exercise with four randomly selected papers to align our
perspectives and ensure understanding. Subsequently, two of the
authors took the lead in coding and categorizing all 303 papers.
To assess inter-coder reliability, we randomly selected 20% of
the papers (n=61) and had the two lead coders independently
code these papers. The agreement rate was calculated as the
proportion of matching coding items to the total number of
coding items using the formula

Agreement Rate =

(
Number of Matching Items

Total Number of Items

)
× 100%.

This resulted in a 97.25% agreement rate, indicating robust
reliability. In cases of coding disagreements or uncertainties,
the issues were brought up in the weekly collaborative meetings
for discussion, where the other two coders intervened. The four
coders reached a consensus on the results for each paper being
discussed through these discussions. The discussion meetings
also served as platforms for iterative calibration, allowing us to
refine our criteria continuously. After each meeting, we revisited
and updated previously coded papers to maintain uniformity and
accuracy across our dataset. This rigorous approach ensured our
coding methodology was both robust and adaptable. Coding was
conducted using Microsoft Excel.

D. Analysis Methods

Upon completing the coding process, we embarked on a
comprehensive analysis and discussion of the data obtained.
� Trend Analysis: To capture the evolution of evaluation

practices, we used line graphs and other time-series charts.
These charts enabled us to effectively track and showcase
the characteristics and trends of the data over the years.
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TABLE I
A LIST OF CODES WITH DESCRIPTIONS, CATEGORIZED BY FOUR KEY INDICATORS THAT CHARACTERIZE THE EVALUATION PROCESS
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� Correlation Analysis: To explore the relationships between
various factors, such as the interplay among the five eval-
uation indicators or the correlation between domains and
evaluation practices, we calculated the correlation coeffi-
cient. This was then visualized using heatmaps, providing
an intuitive representation that bolstered our analytical
insights.

� Association Analysis: To discern patterns of co-occurrence,
for instance, which evaluation scenarios or objectives fre-
quently pair with specific evaluation methods, we turned
to Association Rules [33], [34]. By calculating frequent
itemsets and association coefficients, we were able to sub-
stantiate our observations and hypotheses about prevalent
combinations in evaluation practices.

� Differential Analysis: To ascertain disparities, such as the
potential variations in evaluation practices across different
application domains, we initiated our analysis with visual
aids like histograms and heatmaps. These visual aids pro-
vided an initial overview of the distribution and trends.
Depending on the nature of the data and variable types, we
then employed statistical analysis methods like Logistic
Regression [35] with L1 (Lasso) regularization [36] to
explore significant differences.

Building on data visualization and statistical analysis, we
explored the nuances of evaluation practices using Jupyter Note-
book. Our focus spanned across application domains, tracking
the evolution of practices over time. We identified patterns,
emerging trends, and intriguing phenomena that warrant further
consideration and exploration in the VIS domain application
research.

IV. RESULTS AND DISCUSSION

In this section, we present and discuss the findings derived
from our coding process. Our analysis emphasizes four primary
dimensions: temporal trends, variations in evaluation practices
across different domains, the relationship between domains
and evaluation practices, and the connections both within and
between evaluation objectives and methods.

A. VIS Domain Application Research Over Time

Fig. 2 offers an overview of the distribution of application
domains, categorized by year. The category with the highest
stacked bar comprises data-driven papers. This prominence does
not necessarily signify their standalone importance but becomes
meaningful when compared collectively against the sum of
typical domain-specific application papers. These data-driven
works, focusing on specific datasets and challenges, also in-
volve domain expert evaluations and integrate domain-specific
insights, aligning with our article selection criteria. Hence, we
draw a deliberate distinction between these and projects directly
addressing domain-specific problems for analytical clarity. Set-
ting aside data-driven articles to focus on domain-specific ap-
plications reveals that AI-related domains – works aimed at
enhancing AI model explainability or supporting AI research
(predominantly VIS4AI) – dominate the research landscape over
the observed period. This trend consistently places AI-related

Fig. 2. The distribution of application domains by year.

Fig. 3. Yearly average of evaluation sessions per paper.

work as the most popular domain annually, peaking between
2018 and 2021 before a slight decrease in 2022. The healthcare
and medical imaging domain emerges as the second most promi-
nent area in VIS application research, initially experiencing a
decline in accepted articles by 2019 yet stabilizing in subsequent
years. This trend may reflect the initial impact of the COVID-19
pandemic, followed by sustained research engagement. Other
domains like journalism & media, sports & entertainment, and
biology & life science have also maintained steady attention
over the years. The result generally indicates the diversity and
breadth of VIS application research domains.

Using the three indicators: Who, When, and What, we dif-
ferentiated between various evaluation sessions within a single
research study. Each session was then individually coded ac-
cording to the methods used (the How indicator). Of the 140
articles that we examined, a total of 224 evaluation sessions
were conducted. By calculating the average number of sessions
documented per paper, we observed a clear upward trend in
evaluation sessions over the five-year span (Fig. 3). This trend
indicates a growing emphasis among researchers on conducting
and documenting evaluations for different purposes or at differ-
ent stages. It also signifies that evaluations in VIS domain ap-
plication research are becoming more systematic and distinctly
categorized. However, when exploring whether there have been
significant changes in evaluation practices over the past five
years, we inferred from Figs. 4, 5, and 6 that the Who, When, and
What indicators have remained relatively consistent over time,
without any pronounced trends. This suggests that researchers
have established patterns in their evaluation objectives, methods,
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Fig. 4. Stacked bar chart depicting the count of four distinct participant types,
with time represented as stacked layers within each bar. Note: Each chart has a
different y-scale.

Fig. 5. Bar chart illustrating the frequency of evaluation sessions conducted
across various stages over the years.

stages, and participant compositions, with minimal variations
over the years.

B. Evaluation in VIS Domain Application Research

Given that evaluation is the central focus of this paper, we
delve into the patterns of evaluation in VIS domain application
research. Our exploration is structured around the four pivotal
elements of evaluation: Who, When, What, and How.

1) Who: Concerning the involvement of participants in the
evaluation, we scrutinized both their expertise and their num-
bers. Turning our attention once again to Fig. 4, a discernible
trend emerges: as the level of domain expertise decreases (from
Domain Expert to Domain User to General Public), the number
of participants increases. This observation may suggest that
expertise can compensate for a smaller sample size, however,
the expertise and number of participants are influenced by many
factors such as the depth and duration of their involvement,
time and financial costs, and the objects of the evaluation.
Furthermore, we observed a decline in the participation of visual

Fig. 6. Multi-line chart illustrating the count of distinct evaluation scenarios
across the years.

experts over the past three years compared to the preceding two.
Visual experts typically assess the usability of an application
and the efficacy of its visual design. Several hypotheses might
explain this reduction in visual expert involvement:

Priority of Domain Expertise: When there is a conflict be-
tween visual efficiency and domain-specific objectives, the pref-
erences of domain experts often take precedence. Adjustments
to the visualization design are made accordingly.

Self-evaluation: Many researchers in this field have a back-
ground in visualization, which allows them to self-assess and
refine the visual aspects of their work to some extent.

Prototyping Focus: When the application is in a prototype
form, its primary goal is to meet domain-specific requirements.
Unlike finished products, which might require UX (User Ex-
perience) experts to evaluate usability rigorously, prototypes
prioritize domain needs over polished user experience.

2) When: Regarding the typical stages of evaluation, we
observed that the vast majority of articles conducted evaluations
only after the application was fully developed. As illustrated
in Fig. 5, the number of evaluations categorized under After
Development significantly outnumbers other categories.

From a procedural perspective, we believe that in VIS domain
application research, evaluations should be multifaceted, itera-
tive, and accompanied by refinements. This ensures the rigor of
the research process–from the collection and analysis of domain
requirements to the selection of design alternatives, and finally,
to the assessment of the application’s usability and utility. How-
ever, from an outcome standpoint, conducting evaluations after
the application’s deployment and receiving positive feedback
can be indicative of the research’s success and significance.

One possible reason for this trend could be the constraints
on article length. Authors might prioritize detailing the final
evaluation based on the completed application, potentially due
to space limitations. This focus might inadvertently overshadow
the presentation of earlier evaluations in the research process (ex-
cluding design study articles that emphasize the design process).
While we argue that introducing evaluations from the initial and
intermediate stages can enhance the article’s persuasiveness,
credibility, and reproducibility, we also recognize that each
article has its unique focus. Including such information, where
space permits, would undoubtedly be a commendable choice.
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Fig. 7. Heatmap depicting the relationships between different evaluation
scenarios.

3) What: Regarding the objectives of the evaluation, we
delved deeper based on the summarized evaluation scenarios [6],
focusing solely on VIS domain application research. During the
coding process, we encountered two scenarios that could not be
directly adopted from the previous classifications, leading us to
introduce two new codes: 1) ESG (Evaluating Scalability and
Generalizability), which targets the evaluation of an applica-
tion’s capability to efficiently manage and represent escalating
data volumes or complexity without notable performance or
user experience degradation. It also assesses the adaptability
of a visualization application across varied use cases, gauging
its proficiency in accommodating different data types, domain
prerequisites, and user necessities, and 2) EUV (Extended User
Validation), which concentrates on determining if an application,
crafted in tight collaboration with a select group of domain
experts, caters to the broader needs of users within the same
domain. Following Isenberg et al.’s approach [6], we plotted
a line chart (Fig. 6). The results indicate that UE (User Ex-
perience) and VDAR (Visual Data Analysis and Reasoning)
dominate the evaluation objectives. This contrasts with prior
studies on broader VIS research [6], where QRI (Qualitative
Result Inspection) and AP (Algorithm Performance) were the
primary focuses, highlighting the unique nature of domain ap-
plication research within the VIS field. The prominence of UE
and VDAR aligns with the emphasis on assessing the usability of
applications and their effectiveness in meeting domain-specific
requirements.

In addition to comparing with the results from previous
studies, we also explored the interrelationships between dif-
ferent evaluation scenarios within the What indicator (Fig. 7).
Echoing our earlier findings, we observed a strong correlation
between UE and VDAR, with a coefficient of 0.44. The corre-
lation between ESG and VDAR came in second, registering at
0.21. Based on our coding notes, we attribute this correlation
primarily to the shared evaluation practices observed in the

Fig. 8. Heatmap depicting the relationships between different evaluation
methods.

“Data-Driven with Domain Integration” category of articles.
Specifically, articles in this category often undergo evaluations
related to scalability or generalizability. Given their inherent
domain integration feature, these studies also typically involve
domain experts or users in assessing the achievement of require-
ments and evaluating how the application aids them in their data
analysis endeavors.

We also employed association rules [34] to identify frequent
item(sets) that commonly appear together. We utilized the sup-
port metric, a statistical measure that quantifies the regularity
with which specific combinations of items co-occur in a dataset.
From our findings, four item(sets) emerged prominently with
support ≥ 0.25: UE (0.64), VDAR (0.51), the combination of
UE & VDAR (0.43), and UWP (0.27). These results underscore
that, besides the individual and combined emphasis on UE and
VDAR, UWP (Understanding Environments and Work Prac-
tices) also garners significant attention in evaluations in VIS
domain application research. This focus on UWP is pivotal as
it directly influences domain requirements analysis, ensuring a
comprehensive grasp of the domain in question.

4) How: Regarding the How indicator, the factors primarily
encompass the quantitative or qualitative evaluation methods
that we observed in the examined articles. Naturally, these meth-
ods are intrinsically linked to the determinants of evaluation: the
execution time, the category of participants, and most crucially,
the evaluation objectives. Our analysis unfolds in two segments:
first, we look into the interrelationships among the methods
themselves, and subsequently, we explore the associations be-
tween the objectives and methods, with the former serving as
the premise.

The interrelationships among evaluation methods are meticu-
lously illustrated in Fig. 8. By broadly categorizing the methods
into qualitative and quantitative data collection and analysis
techniques, it is evident that commonly used qualitative methods
such as observation, think-aloud protocol, interview, survey &
questionnaire, and qualitative task-based evaluation are highly
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correlated. This suggests that these techniques often coexist
within a single evaluation session to achieve a comprehensive
feedback collection. Notably, there is a slight negative correla-
tion between interviews and surveys & questionnaires, hinting
at a potential substitutive relationship between the two. For
instance, when conditions preclude face-to-face interviews, dis-
seminating questionnaires emerges as a compensatory measure.
However, given the absence of direct interaction in surveys,
they often need to be supplemented with other methods to make
up for the lack of face-to-face communication. For quantitative
analysis, there is a notable correlation between controlled exper-
iments and performance evaluation (0.48). This phenomenon is
attributed to many domain application works that incorporate
algorithms and necessitate an assessment of their performance.
Additionally, user behavior and qualitative task-based evaluation
also exhibit a high correlation (0.33), elucidating that qualitative
tasks are often evaluated through user behaviors such as mouse
clicks and task completion times.

Based on our coding process, another prevalent evaluation
presentation is the case study supplemented with expert feed-
back. In this format, authors typically assess the application’s
usefulness through case scenarios while simultaneously show-
casing its usage. They might not explicitly mention the specific
evaluation study protocol, but they can effectively demonstrate
the functionality, elucidate how each feature supports the re-
quirements, and depict how domain experts interact with the
application in each case.

In terms of the associations between evaluation objectives
and methods, we again employed association rules [34], using
lift as the statistical metric. Lift is used to quantify the strength
of association between two itemsets, indicating how much
more often antecedents and consequents co-occur than if they
were independent. This helps identify closely linked evaluation
scenarios and methods, highlighting connections stronger than
random chance.

Fig. 9 displays the frequently occurring item(sets) with high
degrees of association. Consistent with the results mentioned
earlier, UE, VDAR, and their combinations, due to their high
occurrence, are also extracted in the frequently associated
item(sets). The method item(sets) associated with them pre-
dominantly fall within the qualitative evaluation techniques.
UE, emphasizing interaction with the application, is often as-
sessed through methods like interviews and observations. On
the other hand, VDAR, which underscores the usefulness of
the application in problem-solving and aiding data analysis, is
commonly evaluated using task-based evaluations, case studies,
and interviews.

C. Domain Difference

Another focus of our review is exploring the influence of
different application domains on evaluation practices. We cat-
egorized the domains and analyzed all variables related to the
four indicators of evaluation, as well as the average occurrence
frequency of the two soft filters in each domain. Fig. 10(left)
shows the two soft filters that we set: 1) whether the article
describes the evaluation study protocol, and 2) whether domain

Fig. 9. Network graph illustrating the strength of connections between asso-
ciated item(sets).

Fig. 10. Heatmap illustrating the avg. frequency of variables within the Who
indicator (right) and two soft filters: 1) Study protocol provided and 2) Require-
ments analysis with domain experts/users’ involvement (left) across domains.

experts or users jointly participated in the requirements analysis
phase. The former enhances the credibility and reproducibility
of the evaluation, while the latter affirms the domain-specific
utility of the VIS application. We observed that AI-related
domains have a noticeably lower level of domain personnel
involvement during the requirements analysis phase compared to
other domain categories. This aligns with our impressions during
the coding process. We found that VIS applications related to AI
often involve more algorithmic content, and human involvement
in evaluation is lower than in other domains. Moreover, as
an emerging field, AI has a rapidly growing community and
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Fig. 11. Heatmap showing the avg. frequency of variables for the What (left)
& When (right) indicators across domains.

Fig. 12. Heatmap illustrating the avg. frequency of variables for the How
indicator across domains.

many well-known challenges to overcome. These challenges and
requirements can be directly obtained from current research and
literature without the involvement of domain experts, ensuring
credibility. The provision rate of evaluation protocols in Busi-
ness & Finance-related VIS application research is unexpectedly
low compared to other domains. This emphasizes the importance
for researchers in this field to clearly express the rigor of study
protocols in future research endeavors. In terms of the expertise
of the domain experts involved in the evaluation, Fig. 10(right)
shows that in the fields of Education & E-learning and Human-
ities & Social Science, the expertise is relatively low. This is
consistent with the inherent nature of these domains, where their
application content emphasizes communication and supports
understanding, and the evaluation often involves participants
without a strong professional background.

We analyzed the average distribution of evaluation objectives,
methods, and execution stages across domains (Figs. 11 & 12),
finding subtle but not significant differences.

TABLE II
VARIABLES SIGNIFICANT AT P = 0.1 FOR VIS4AI (N = 34) VERSUS

NON-VIS4AI (N = 106) USING BINARY LOGISTIC REGRESSION WITH L1
REGULARIZATION

D. New Trends in VIS Domain Application Research

Following our previous analysis, we observed differences in
the evaluation practices of AI-related VIS applications (VIS4AI)
compared to other domains. Additionally, we investigated
whether VIS incorporating AI (AI4VIS) and using immersive
approaches exhibits unique patterns in evaluation practices. To
explore these differences, we used binary logistic regression with
L1 (Lasso) regularization [35], [36]. This method allows for
effective handling of multicollinearity, which we observed in
earlier Section IV-B where some variables exhibited high corre-
lations, and selects the most relevant predictors by shrinking the
coefficients of less important variables to zero, thus providing a
more interpretable model.

In this model, the response variable y is binary, where y = 1
indicates targeted papers (e.g., VIS4AI, AI4VIS, or immersive
approaches) and y = 0 indicates non-targeted papers. The pre-
dictor variables X consist of the variables from the 3W1H
indicators, which capture the evaluation practices used in the
papers. By fitting the model y ∼ X , we can determine which
evaluation-related variables are significantly associated with
being a targeted paper.

We primarily considered the differences between the targeted
and non-targeted papers. For the VIS4AI category, the number of
targeted papers is higher than those strictly within the AI-related
domain because some papers categorized under Data-driven also
relate to VIS4AI and were included in this count.

1) VIS4AI: The result shown in Table II reveals distinct
evaluation practices between VIS4AI (n = 34) and non-VIS4AI
(n = 106) papers. VIS4AI papers tend to emphasize evaluating
how effectively visualization communicates (CTV), likely due
to the intricate nature of AI models, which necessitates clear and
effective visualization techniques. Furthermore, these papers
prioritize user performance (UP), suggesting that visualization
applications for AI are designed to enhance user comprehen-
sion and interaction. However, the VIS4AI papers seem to be
less reliant on observational methods (Obs), possibly favoring
quantitative metrics given the technical intricacies of AI. While
performance evaluation (PerfEval) remains an essential aspect,
it appears that the VIS4AI articles may be more focused on the
clarity and interpretability of visualizations rather than just their
speed and memory performance.

2) AI4VIS: Based on the result shown in Table III, we ob-
serve distinct patterns in AI4VIS (n=20) papers compared to
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TABLE III
VARIABLES SIGNIFICANT AT P = 0.1 FOR AI4VIS (N=20) VERSUS

NON-AI4VIS (N=120) USING BINARY LOGISTIC REGRESSION WITH L1
REGULARIZATION

non-AI4VIS (n=120) papers. They often focus on understand-
ing user interactions with AI-enhanced visualization applica-
tions, predominantly using controlled experiments (CExp) and
emphasizing behavior analysis (UsrBA). They tend to lean
toward qualitative task-based evaluations (Tsk_Ql) and proac-
tive evaluations before full development (develop), likely due
to using non-AI-enhanced human workflows as baselines for
comparison with AI-enhanced behaviors. Additionally, the in-
frequent use of think-aloud protocols (Tap) suggests a preference
for evaluation methods more suited to the specific characteristics
of AI-enhanced visualizations.

3) Immersive VIS: Our analysis found no significant differ-
ences in evaluation practices between immersive (n=5) and
non-immersive VIS applications (n=135). A crucial factor to
consider is the relatively small number of papers on immer-
sive VIS applications included in our review, which presents a
promising avenue for future review-oriented studies.

V. CONSIDERATIONS FOR EVALUATION IN DOMAIN

APPLICATION RESEARCH

Throughout this review, we have identified several consider-
ations that we believe warrant further discussion and attention
within the broader community.

A. Domain Integration

Domain integration was a pivotal filter in our article selection
process. We posit that every VIS application research should
be permeated with domain-specific knowledge to some extent,
to truly elucidate the applicability and value of the research
outcomes. For typical VIS applications tailored for a specific
domain, this integration is essential. Whether it is the initial
phase of domain requirements analysis or the subsequent stages
focusing on application utility and usability testing, collabora-
tion and input from domain experts are paramount.

However, there exists another category of VIS application
research – those that are data-driven or problem-centric. Such
research often proposes innovative visualizations or techniques
to address overarching visual challenges or handle specific
data types, emphasizing a domain-agnostic approach. During
our selection, we excluded certain articles from this category,
primarily because their evaluations lacked any form of domain
integration, focusing solely on generic user experience.

We argue that even domain-agnostic applications should be
validated through concrete application instances. Demonstrating

their utility across one or more domains can provide a more
comprehensive picture of their versatility. Nevertheless, our
stance on the necessity of domain integration as a filter remains
flexible. We acknowledge the potential value of VIS applications
that operate without deep domain integration, especially when
they cater to universal visualization challenges.

B. Significance of Requirements Analysis

Requirements and tasks analysis form an integral part of our
filtering criteria. The rationale behind this is simple: applications
arise from specific needs. Research on applications without a
foundational requirements analysis is akin to constructing a
building without a solid foundation. Regardless of the depth
of implementation, its utility can easily come under scrutiny.
During our coding process, our criteria for requirements analysis
were adaptable, recognizing the diverse ways it can manifest in
different papers. Descriptions such as design space, motivated
usage scenario, and domain challenges were regarded by us as
part of this analysis. All these facets contribute to a comprehen-
sive understanding of the workflow and the challenges inherent
to it.

While a majority of the papers we reviewed dedicated dis-
tinct sections to elucidate how requirements were established
or distilled from discussions with domain experts, a notable
fraction merely skimmed the surface. Some papers presented the
requirements without introducing the process of their derivation
or the intermediate validations they underwent. Although we
recognize that each paper has its unique narrative style, we
advocate a more thorough presentation of the requirements
analysis. This not only bolsters the rigor of the research but also
provides readers with a clearer understanding of the foundational
needs driving the proposed solutions.

C. Evaluation Study versus Case Study

Evaluation studies employ a suite of crafted practices de-
signed to assess specific objectives. These studies typically
adhere to strict protocols, providing a formalized and systematic
approach. Conversely, case studies and usage scenarios explore
the efficacy of applications within the confines of a particular
real-world context, focusing on how VIS applications integrate
into domain environments and meet domain requirements [6].
We observed that both forms of evaluation are prevalent. Typi-
cally, they are presented under sections titled “Evaluation” and
“Case Study.” In some cases, the authors integrate both in their
research.

Case studies and usage scenarios are sometimes critiqued for
lacking a clear protocol, which may affect their reproducibility.
However, Meyer and Dykes [24] argue that reproducibility lim-
itations do not necessarily diminish the value of a design study.
They propose that thoroughness and transparency in presenting
the study can compensate for these limitations. The unique
strength of case studies lies in their ability to vividly showcase
functionalities in action. For readers, this offers an intuitive
correlation between use cases and the application’s features, fa-
cilitating a direct understanding of the application’s utility. This
is an aspect in which traditional evaluation practices may fail.
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We advocate for an inclusive approach to these evaluation pre-
sentations. Where space permits, we appreciate the inclusion of
both protocols and use cases or including them as supplementary
materials. We believe that intriguing observations from system
evaluation studies, especially those concerning user interaction
with the application, can be elaborated upon in an informal case
study format. This approach not only enriches the content but
also enhances the reader’s comprehension and engagement.

D. Action versus Articulation

In the research process, it is imperative to delineate between
what we need to evaluate, the actual evaluation practices under-
taken, what we choose to report in the paper, and what readers
anticipate from the evaluation section.

In practice, conducting a systematic evaluation study with
a clear protocol is paramount, especially for VIS domain ap-
plication research. However, the content in the paper often
leans towards showcasing the developed application, using the
evaluation as a supportive and validating element. This implies
that the evaluation content presented in the paper represents only
a fraction of the actual evaluation conducted. Consequently,
the selection and articulation of this content requires careful
consideration and discernment from the authors. The reviewers,
on the other hand, should not take a negative attitude toward
what fails to be presented in the article.

For instance, when presenting evaluator praise, superficial
praise should be avoided in favor of emphasizing specific aspects
of the appreciation received. At times, it is also beneficial to
include negative feedback received during the evaluation. This
not only showcases transparency, but also demonstrates how
such feedback was addressed, leading to refinements that better
align the final product with requirements.

Furthermore, the presentation format of the evaluation results
should be tailored to the reader’s perspective. For example,
as mentioned previously, presenting findings through a case
study can offer a more relatable and comprehensive view of
the application’s utility and effectiveness.

VI. LIMITATIONS AND FUTURE WORKS

This review sources papers accepted to the IEEE VIS con-
ference which, while ensuring high-quality research cover-
age, introduces inherent limitations and potential biases by
excluding works not accepted or submitted elsewhere. This
may not fully represent the diverse evaluation practices across
domain-focused VIS applications, particularly those published
in domain-specific journals. A limitation in our methods and
analysis is the small number of papers in certain subgroups.
For example, the energy and sustainability domain has only one
paper, and immersive approaches also have few papers. This
leads to potentially biased qualitative and quantitative results.
To address these limitations, future research should expand the
scope of data collection to include various publication venues
beyond IEEE VIS, such as domain-specific journals, workshop
papers, and other conferences. This approach will help capture
a more diverse and representative set of evaluation practices,
enabling a more robust and comprehensive analysis.

Despite these limitations, our goal was to identify prevailing
trends and potential features in VIS domain application eval-
uation practices, acknowledging potential biases while laying
the groundwork for future detailed exploration. Researchers and
practitioners are encouraged to build upon the results from this
work by delving deeper into the diverse evaluation practices
within the VIS community. Future studies are encouraged to
expand the data collection scope, explore context-specific eval-
uation needs, and refine the classification method for capturing
evaluation practices. We aspire for this work to serve as a
cornerstone, steering and elevating the standards of evaluations
within the VIS community.
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