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Abstract

The visualization of information is a widely used tool to improve comprehension
and, ultimately, decision-making in strategic management decisions as well as in a
diverse array of other domains. Across social science research, many findings have
supported this rationale. However, empirical results vary significantly in terms of
the variables and mechanisms studied as well as their resulting conclusion. Despite
the ubiquity of information visualization with modern software, there is little effort
to create a comprehensive understanding of the powers and limitations of its use.
The purpose of this article is therefore to review, systematize, and integrate extant
research on the effects of information visualization on decision-making and to pro-
vide a future research agenda with a particular focus on the context of strategic
management decisions. The study shows that information visualization can improve
decision quality as well as speed, with more mixed effects on other variables, for
instance, decision confidence. Several moderators such as user and task character-
istics have been investigated as part of this interaction, along with cognitive aspects
as mediating processes. The article presents integrative insights based on research
spanning multiple domains across the social and information sciences and provides
impulses for prospective applications in the realm of managerial decision-making.
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1 Introduction

A visualization is defined as a visual representation of information or concepts
designed to effectively communicate the content or message (Padilla et al. 2018)
and improve understanding in the audience (Alhadad 2018). This representation can
manifest in a range of imagery, from quantitative graphs (Tang et al. 2014) to quali-
tative diagrams (Yildiz and Boehme 2017), to abstract visual metaphors (Eppler and
Aeschimann 2009) or artistic imagery. Visualization design may also intend to pro-
mote a specific behavior in the audience (Correll and Gleicher 2014). The visualiza-
tion of information is associated with effective communication in terms of clarity
(Suwa and Tversky 2002), speed (Perdana et al. 2018), and the understanding of
complex concepts (Wang et al. 2017). Research shows, for example, that visualized
risk data require less cognitive effort in interpretation than textual alternatives and
are therefore comprehended more easily (Smerecnik et al. 2010), and complex senti-
ment data visualized in a scatterplot improve the accuracy in law enforcement deci-
sions compared to raw data (Cassenti et al. 2019).

Visual experiences are the dominant sensory input for cognitive reasoning in
everyday life, business, and science (Gooding 2006). As Davis (1986) points out,
image creation and perception are part of the “unique and quintessential competen-
cies of homo sapiens sapiens”. Hence, the visualization of information is an inte-
gral research subject in the domains of cognitive psychology, education (Alfred and
Kraemer 2017), management (Tang et al. 2014) including financial reporting, stra-
tegic management, and controlling, marketing (Hutchinson et al. 2010), as well as
information science (Correll and Gleicher 2014).

Management researchers study visualizations from a business perspective. First,
the field of financial reporting considers the effect of financial graphs on investor
perception (Beattie and Jones 2008; Pennington and Tuttle 2009). Second, the poten-
tial consequences of visualizations on decision-making are examined in the area of
managerial decision support, with a focus on judgments based on quantitative data
such as financial decisions (Tang et al. 2014) and performance controlling (Ballard
2020). Finally, a small number of works investigate more complex decision-making
based on qualitative, multivariate, and relational information (Platts and Tan 2004).
Altogether visualizations fulfill a variety of functions, from focusing attention to
sharing thoughts to identifying data structures, trends, and patterns (Platts and Tan
2004).

The vast majority of existing research in visualization, however, arises from the
two domains of information science and cognitive psychology. Information science
research on how to design visualizations for effective user cognition stretches back
almost one century (Washburne 1927). While early research focuses on compar-
ing tables and simple graphs, newer research on human—computer interfaces covers
advanced data visualizations facilitated by computing power (Conati et al. 2014).
For example, interactive visualization software enables users to manipulate data
directly. While promising in terms of analytic capability, the potential for biases and
overconfidence is suggested as a downside (Ajayi 2014). Equally, cognitive psychol-
ogy research notes that visual information may be superior over verbal alternatives
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in certain cognitive tasks since they can be encoded in their original form, where
spatial and relational data is preserved. Thereby, visual input is inherently richer
than verbal and symbolic information, which is automatically reductionistic (Meyer
1991), but more suited for discrete information retrieval due to its simplicity (Vessey
and Galletta 1991). However, the processes behind visual cognition remain largely
unclear (Vila and Gomez 2016).

Despite the ubiquity of visualizations in research and practice, there is no com-
prehensive understanding of the potential and limits of information visualization for
decision-making. Although at times converging, insights from research of different
areas are seldom synthesized (Padilla et al. 2018), and there has been no effort for
a systematic review or overarching framework (Zabukovec and Jakli¢ 2015). How-
ever, a synthesis of existing research is essential and timely due to three reasons.
First, information visualization is ubiquitous both in the scientific and business com-
munity, yet there are conflicting findings on its powers and limits in support of judg-
ment and decision-making. Second, cognitive psychology research provides several
promising suggestions to explain observable effects of visualizations, yet these are
rarely integrated into research in other domains, including strategic decision-mak-
ing. Third, the barriers to using information visualization software have fallen to a
minimum, making it available to a wide range of producers and users. This raises
the issue of the validity of positive effects for various task and user configurations.
The goal of this paper is therefore to provide an overview of the fragmented existing
research on visualizations across the social and information sciences and generate
insights and a timely research agenda for its applicability to strategic management
decisions.

My study advances visualization research on three paths. First, I establish a
framework to summarize the numerous effects and variable interactions surrounding
the use of visualizations. Second, I conduct a systematic literature review across the
social and information sciences and summarize and discuss this plethora of find-
ings along with the aforementioned structure. Third, I utilize this work as a basis for
identifying and debating gaps in existing research and resulting potential avenues for
future research, with a focus on the area of strategic management decisions.

The structure of the article is as follows. The next chapter briefly describes the
research field, followed by the methodology of my literature search. Next, I ana-
lyze the results of my search and discuss common insights. In the ensuing chapter,
I develop an agenda for management research by building on particularly relevant
ideas with conflicting or incomplete evidence. Finally, I conclude my review and
discuss contributions and implications for practice.

2 Definition of the research field
2.1 Definition of key terms
Information visualizations support the exploration, judgment, and communication of

ideas and messages (Yildiz and Boehme 2017). The term “graph” is often used as a
synonym for information visualization in general (Meyer 1991) as well as describing

@ Springer



170 K. Eberhard

quantitative data presentation specifically (Washburne 1927). As my review exhib-
its, these graphs constitute the prevalent form of information visualization. Com-
mon quantitative visualizations are line and bar charts, often showcasing a develop-
ment over time and regularly used in financial reporting (Cardoso et al. 2018) and
controlling (Hutchinson et al. 2010). In scientific literature, probabilistic charts such
as scatterplots, boxplots, and probability distribution charts (Allen et al. 2014) fre-
quently depict risk and uncertainty. More specialized charts include decision trees to
depict conditional logic (Subramanian et al. 1992), radar charts to display complex
multivariate information (Peebles 2008), or cluster charts and perceptual maps for
marketing decision support (Cornelius et al. 2010).

Despite the breadth of existing visualization research, its application to strate-
gic decisions is narrow and there is an abundance of research limited to elemen-
tary tasks and choices. To provide a clear distinction, I focus my search on deci-
sions, judgments, and inferential reasoning as more advanced forms of cognitive
processing. Decision-making can be broadly defined as choosing between several
alternative courses of action (Padilla et al. 2018). On the other hand, reasoning and
judgment refer to the evaluation of a set of alternatives (Reani et al. 2019), without
actions necessarily being attached as for decision-making. Such efforts are cogni-
tively demanding and complex when compared to more elementary tasks, such as a
choice between options (Tuttle and Kershaw 1998), and include the rigorous evalu-
ation of alternatives across a range of attributes, which is characteristic for strate-
gic decisions (Bajracharya et al. 2014). For this reason, I include studies that exam-
ine the influence of visualizations on some form of decision or judgment outcome.
Mason and Mitroff (1981) highlight that strategic decisions, in management and
elsewhere, involve complex and ambiguous information environments. Information
visualization may relate to decision quality in this context since one critical factor in
the effectiveness of strategic decisions is the objective and comprehensive acquisi-
tion and analysis of relevant information to define and evaluate alternatives (Dean
and Sharfman 1996).

2.2 Perspectives in literature

Visualization research exists within a range of domains in the social and informa-
tion sciences, which reflects the diversity of the empirical application. I identify
psychology (cognitive and educational), management (financial reporting, strategic
management decisions, and controlling), marketing, and information science as the
primary areas of research. This heterogeneity in terms of application area provides
the first dimension in my literature review. Second, I classify existing studies along
the type of variable interaction they primarily investigate. Based on the framework
first introduced by DeSanctis (1984), I hereby differentiate four categories: Works
principally focused on (1) the effects of visualizations on comprehension and deci-
sions as dependent variables provide the basis of all research. This relationship is
then investigated through: (2) User characteristics as moderators; (3) task and for-
mat characteristics as moderators; and (4) cognitive processing as mediator. An
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Fig. 1 Visualization research structured by domain and variables primarily investigated

overview of this classification, including the prevalence of extant findings across
domains, is given in Fig. 1.

First, the investigation of visualization effects on decisions and judgments is
established across all research areas mentioned, and primarily studies outcome
variables such as decision accuracy (Sen and Boe 1991), speed (Falschlunger et al.
2015a), and confidence (Correll and Gleicher 2014). While these studies contrib-
ute examples for graphs influencing observable decision effectiveness and efficiency
across a range of contexts, they do not investigate moderating or mediating factors.

Second, psychology research pushes this investigation further towards including
moderating effects of user characteristics, such as domain expertise and training
(Hegarty 2013), and measures of cognitive ability such as numeracy (Honda et al.
2015) or literacy (Okan et al. 2018a). The relevance of these moderating factors is
validated both in studies focusing on cognition as well as experiments in educational
research, for example by providing evidence that the quality of a judgment made
based on a graph may depend more on the user than the format itself (Mayer and
Gallini 1990).

Similarly, human—computer interface research spearheads further insights into
moderating factors of task and format characteristics, such as task type (Porat et al.
2009), task complexity (Meyer et al. 1997), data structure (Meyer et al. 1999), and
the graphical saliency of features (Fabrikant et al. 2010) through rigorous user test-
ing. At the same time, Vessey (1991) developed the theory of cognitive fit as a
concept bridging cognitive and information systems research, stating that positive
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effects of graphs depend on a fit between task type and format type, differentiating
between symbolic and spatial archetypes.

Finally, cognitive psychology research aims at explaining the observable effects
of visualization in terms of mediating cognitive mechanisms. Here, cognitive load
theory provides the foundation, stating that an individual’s working memory capac-
ity is limited, and performance in a task or judgment depends on the cognitive load
they experience while assessing information. According to this logic, cognitive load
that is too high damages performance (Chandler and Sweller 1991). Reducing cog-
nitive load by providing visualizations in complex environments is therefore often
stated as a key goal of graph design (Smerecnik et al. 2010).

Importantly, the boundaries between these variable categories are fluid. Many
studies investigate more than one relationship and the inclusion of moderating vari-
ables has become common. Various application areas covering these interdependen-
cies attest to the heterogeneous nature of visualization research. However, previous
reviews highlight that insights are seldom shared across fields and call for the inte-
gration of findings into new studies (Padilla et al. 2018). In particular, strategic man-
agement research does not yet follow such a holistic approach.

3 Method of literature search
3.1 Search design

The methodological basis of this paper is a systematic literature search as a means to
collect and evaluate the existing findings in a systematic, transparent, and reproduc-
ible way on the specified topic (Fisch and Block 2018) in order to produce a more
complete and objective knowledge presentation than in traditional reviews (Clark
et al. 2021). I conduct a keyword search on the online search engines EBSCOhost
and ProQuest, limited to English-language works that have been peer-reviewed, in
order to ensure the quality of the sources. Gusenbauer and Haddaway (2020) iden-
tify both search engines as principal academic search systems as they fulfill all
essential performance requirements for systematic reviews. On EBSCOhost, I use
the databases Business Source Premier, Education Research Complete, Econlit,
APA Psyclnfo, APA PsycArticles, and OpenDissertations to search for empirical
works; on ProQuest, I use the databases British Periodicals, International Bibliogra-
phy of the Social Sciences (IBSS), Periodicals Archive Online, and Periodicals Index
Online with a filter on articles to cover the social sciences comprehensively. The
keyword used is the concatenated term “(visualization OR graph OR chart) AND
(decision OR judgment OR reasoning)”, searched for in abstracts.' The terms were
chosen as “visualization” is commonly used as a category name for visualized infor-
mation (Brodlie et al. 2012), and the “graph” is the focus of traditional visualization
research (Vessey 1991). The term “chart” is a synonym for both quantitative and
qualitative graphs which has seen increasing use particularly in the 2000s (Semmler

! Thanks to the anonymous reviewer for encouraging me to extend my keyword search.
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and Brewer 2002). The terms “judgment OR decision OR reasoning” were added to
ensure that studies examining observable outcomes of visualization use, as opposed
to cognitive processes such as comprehension only, were highlighted. After a review
of the evolution of visualization research over time, I focus my search to articles
published from the year 1990 in order to capture the recent advancements cover-
ing modern modes of information visualization.” This search results in 1658 articles
combined, after removing duplicates 1505 articles remain.

Next, I review all article abstracts based on the three content criteria defined in
the following. I include all articles rooted in the (1) social sciences or information
sciences, where the focus of the study lies on (2) how a visualization per se or a var-
iation within related visualizations affects a user’s or audience’s decision or judg-
ment in a given task, and the topic is studied through (3) original empirical works.
Most articles are excluded in this process and 116 studies remain due to the preva-
lence of graphs as auxiliary means, not the subject of research, in various domains,
particularly in medical research. I repeat this exclusion process by reading the full
texts of all articles and narrow down the selection further to 81 papers.

Building on this systematic search, I conducted a supplementary search through
citation and reference tracking, as well as supplementary search engines, such as
JSTOR (Gusenbauer and Haddaway 2020).® This includes gray literature such as
conference proceedings or dissertations, which lie outside of traditional academic
publishing. In addition, I limit the inclusion of gray literature to studies by research-
ers included in my systematic search and completed within the last 10 years in
order to gather a comprehensive and up-to-date overview of the findings of working
groups particularly relevant to visualization research. Thereby I identify 52 addi-
tional articles, resulting in a total of 133 articles included.

3.2 Limitations of search

Due to the plethora of existing literature mentioning the topic of visualization in
various contexts and degrees of quality, I subject my search to well-defined limita-
tions. First, I only include peer-reviewed articles in my systematic search. These are
studies that have been thoroughly validated and represent the major theories within
a field (Podsakoff et al. 2005). However, I incorporate gray literature of comparable
quality as part of my additional exploratory search.

Second, I limit the search to information and social sciences to deliberately omit
results from the broad areas of medicine and natural sciences. In these, various spe-
cific concepts are visualized as a means within research, yet not investigating the
visualization itself. For the same reason, I only apply the search terms to article
abstracts, since the terms “graph” and “chart” in particular will result in a high num-
ber of results when searched for in the full text, due to the common use of graphs in
presenting concepts and results.

2 Thanks to the anonymous reviewer for this valuable impulse.
3 Thanks to the anonymous reviewer for pointing me towards additional, highly relevant articles.
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Third, I only include original empirical work in order to enable the synthesis and
critical validation of empirical findings across research areas. At the same time, I
acknowledge the existence of several highly relevant theoretical works, which
inform my search design and structure while being excluded from the systematic
literature search and analysis.

4 Results
4.1 Overview of results

I identify a total of 133 articles, published between 1990 and 2020. Interest in visual-
ization research gained initial momentum in the early 1990s (Fig. 2). More recently,
the number of studies rises starting around 2008, with the continued publication of
five to ten papers per year since and a visible peak in interest around 2014/15. A sig-
nificant share of recent works stems from the information science literature, and the
wealth of publications around 2014 coincides with the advent of mainstream interest
in big data (Arunachalam et al. 2018), which is closely linked to information visu-
alization for subsequent analysis and decision-making (Keahey 2013). In addition,
a cluster of publications by one group of authors (Falschlunger et al. 2014, 2015a,
¢, b) in the financial reporting domain enhances the observed peak in publications,
which is therefore not indicative of a larger trend. Instead, the continued wealth of
publications in the last decade shows the contemporary relevance of and interest in
visualization research.

Next to the information sciences, the largest share of the studies identified origi-
nates in cognitive psychology research. Furthermore, management literature dis-
cusses visualization and graphs continuously throughout the last three decades,
with notable peaks in interest around the year 2000 in the domain of annual report-
ing (Beattie and Jones 2000, 2002a, b; Arunachalam et al. 2002; Amer 2005; Xu
2005) and internal management reporting with classic bar and line graphs around
the year 2015 (Falschlunger et al. 2014, 2015a, c; Tang et al. 2014; Hirsch et al.
2015; Zabukovec and Jakli¢ 2015). Consumer research in marketing constitutes a
further domain regularly discussing visualizations and their effect on decisions

10
9 m Psychology
8 B Management
7 Marketing
g Information Science
4
3
2
A
0
1990 2000 2010 2020

Fig.2 Articles included in systematic search by publication year and area of research
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Table 1 Articles included by publication

Publication Number of articles included

Journal of Information Systems

Journal of Cognitive Engineering and Decision Making
Journal of Experimental Psychology: Applied

Risk Analysis

Applied Cognitive Psychology

Behaviour and Information Technology

Frontiers in Psychology

W W W W s sk

Human Factors

e
=]

Other journals with 2 or less articles (75 different)

—
(=]

Conference proceedings

w

Doctoral dissertations

—
W
W

Total number of articles

and judgment (Symmank 2019), albeit to a smaller extent. This heterogeneity in
research areas is reflected by the journals identified in my search, where the 133
articles spread across 83 different journals, complemented by ten studies from con-

Field
Experiment

1 Controlled
Natural Experiment

Experiment 113
2

Quasi Experiment -f
4

Survey
6

Archival
7

Fig.3 Articles included in systematic search by methodology

ference proceedings and three papers included in doctoral dissertations (Table 1).
Apart from the articles in conference proceedings added through the supplementary
exploratory search, the studies were published in journals with a SCIMAGO Journal
Rank indicator ranging from 0.253 (Informing Science) to 8.916 (Journal of Con-
sumer Research). All but four journals received Q1 and Q2 ratings, which equals
the top half of all SCImago rated journals. The h-index ranges from 6 (Journal of
Education for Library and Information Science) to 332 (PLoS ONE) (Scimago Lab
2021).
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In the 133 articles identified, experiments are by far the most common method for
data collection, with 113 (85%) of studies conducting a total of 182 controlled exper-
iments with over 28,000 participants (Fig. 3). In addition, I find seven instances of
archival research covering over 600 companies, six instances of surveys with almost
1000 participants in total, four quasi experiments, two natural experiments, and one
field experiment to complete the picture.

Of the 182 experiments conducted, the majority works with students as sub-
jects (125 or 69%). The largest remaining share investigates a sample of the general
(online) population (32 or 18%) and only 13% study the effect of visualization with
practitioners in their respective domain (24). In contrast, four out of the six surveys
were conducted with practitioners that were addressed explicitly. Besides, one sur-
vey each was conducted with students and subjects from the general population.

Following the advice by Fisch and Block (2018), I categorize the results from lit-
erature in a concept-centric manner, based on the primary variable interaction inves-
tigated. I further distinguish by the four application domains and seven subdomains
discussed and present a structured overview at the end of each subchapter. The inde-
pendent variable in all cases is the use of a visual representation designed for a spe-
cific use case, either as opposed to non-visual representation methods such as verbal
descriptions [e.g. Vessey and Galletta (1991)], or traditional visualizations that the
research aims to improve on [e.g. Dull and Tegarden (1999)].

4.2 Effects of visualizations on decisions and judgments
4.2.1 Judgment/decision accuracy

The most common dependent variable investigated in visualization research is the
accuracy of the subjects on a given comprehension, judgment, or decision task.
Most studies are in psychology research, with positive effects dominating. In cog-
nitive psychology, experiments show that well-designed visualizations can improve
problem comprehension (Chandler and Sweller 1991; Huang and Eades 2005;
Nadav-Greenberg et al. 2008; Okan et al. 2018b). For example, Dong and Hayes
(2012) show in their experiment with 22 practitioners that a decision support system
visualizing uncertainty improves the identification and understanding of ambiguous
decision situations. Likewise, visualizations improve decision (Pfaff et al. 2013) and
judgment accuracy (Semmler and Brewer 2002; Tak et al. 2015; Wu et al. 2017) and
improve the quality of inferences made from data (Sato et al. 2019). Findings in edu-
cational psychology support this claim. In teaching, visual materials improve under-
standing and retention (Dori and Belcher 2005; Brusilovsky et al. 2010; Binder et al.
2015; Chen et al. 2018) in students, and support the judgment accuracy of educa-
tors when analyzing learning progress quantitatively (Lefebre et al. 2008; Van Nor-
man et al. 2013; Géryk 2017; Nelson et al. 2017). Furthermore, Yoon’s longitudinal
classroom intervention (2011) using social network graphs enables students to make
more reflected and information-driven strategic decisions. However, other stud-
ies arrive at more mixed or opposing findings. In their experiment, Rebotier et al.
(2003) find that visual cues do not improve judgment accuracy over verbal cues in
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imagery processing. Other experiments even demonstrate verbal information to be
superior over graphs in comprehension (Parrott et al. 2005) as well as judgment
accuracy (Sanfey and Hastie 1998). Some graphs appear unsuitable for specific con-
tent, such as bar graphs depicting probabilities (Newman and Scholl 2012) and bub-
ble charts encoding information in circle area size (Raidvee et al. 2020). In addition,
more complex charts like boxplots, histograms (Lem et al. 2013), and tree charts
(Bruckmaier et al. 2019) appear less effective for the accurate interpretation of sta-
tistical data in some experiments, presumably as they elicit errors and confusion in
insufficiently trained students.

Studies in management and business research arrive at further, more pessimistic
results. While Dull and Tegarden (1999) find in their experiment with students that
three-dimensional visuals can improve the prediction accuracy in financial reporting
contexts, and Yildiz and Boehme (2017) observe in their practitioner survey that a
graphical model of a corporate security decision problem improves risk perception
when compared to a textual description, most other studies present a less positive
picture. Several studies do not find graphs superior over tables in financial judg-
ments (Chan 2001; Tang et al. 2014; Volkov and Laing 2012), and in consumer
research (Artacho-Ramirez et al. 2008). In financial reporting, a dedicated school of
research investigates the effect of distorted graphs lowering financial judgment accu-
racy (Arunachalam et al. 2002; Beattie and Jones 2002a, b; Amer 2005; Xu 2005;
Pennington and Tuttle 2009; Falschlunger et al. 2014), irrespective of whether the
distortion is intended by the designer. Chandar et al. (2012) elaborate on the positive
effect of the introduction of graphs and statistics in performance management for
AT&T in the 1920s, but more recent case study examples are rare.

By contrast, several experimental studies from human—computer interaction
research largely contribute evidence for a positive effect. Targeted visual designs
lead to higher judgment accuracy in specific tasks (Subramanian et al. 1992; Buta-
vicius and Lee 2007; Van der Linden et al. 2014; Perdana et al. 2018) and improve
decision-making (Peng et al. 2019). For example, probabilistic gradient plots and
violin plots enable higher accuracy in statistical inference judgments in the online
experiment by Correll and Gleicher (2014) than traditional bar charts. However,
experiments by Sen and Boe (1991) and Hutchinson et al. (2010) equally lack a sig-
nificant effect on data-based decision-making quality. Amer and Ravindran (2010)
find a potential for visual illusions degrading judgment accuracy similar to results
from financial reporting, and McBride and Caldara (2013) find that visuals lower
accuracy in law enforcement judgments when compared to raw data presentation
(Table 2).

4.2.2 Response time

The next most common outcome variable investigated in visualization research
is response time, often referred to as efficiency. Across the board, experimenters
observe that information visualization lowers response time in various judgment and
decision tasks. In psychology, this includes decision-making in complex information
environments (Sun et al. 2016; Géryk 2017). The opposite effect emerges from only
one study, where Pfaff et al. (2013) find that a decision support system visualizing
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complex uncertainty information requires a longer time to use than one omitting
this graphical information. In management research, Falschlunger et al. (2015a) find
that visually optimized financial reports can speed up judgment both for students
and practitioners. Studies originating in information science validate this picture,
observing that well-designed visualizations reduce response time in quantitative
(Perdana et al. 2018) as well as geospatial judgment tasks (MacEachren 1992). Fur-
thermore, McBride and Caldara (2013) observe that students in their experiments
arrive at faster judgments when provided with a network graph as opposed to a table
(Table 3).

4.2.3 Decision confidence

Next to these directly observable metrics, experimenters regularly elicit measures
of decision confidence in visualization research based on subjects’ self-assessment.
From a cognitive psychology perspective, Andrade (2011) finds that subjects display
excessive confidence in estimates based on visualizations, which biases subsequent
decision-making. On the other hand, Dong and Hayes (2012) show that a visual
decision support system depicting uncertainty in engineering design leads to mar-
ginally lower decision confidence, compared to traditional methods omitting uncer-
tainty information. In management research, Tang et al. (2014) present an increase
in confidence in the context of financial decision-making, and Yildiz and Bohme
(2017) find in their practitioner survey that an appealing visual increases decision
confidence in a managerial setting without changing the actual decision outcome.
Similarly, further experiments in information science provide evidence for increased
confidence with a link to increased judgment accuracy (Butavicius and Lee 2007)
or without (Sen and Boe 1991; Wesslen et al. 2019). In the context of uncertainty,
Arshad et al. (2015) once again report novice subjects having lower confidence in
the use of graphs with uncertainty visualized, however, this effect does not occur for
practitioners (Table 4).

4.2.4 Prevalence of biases

Several studies investigate the prevalence of biases by searching for distinct
patterns of deviations in judgment and decision accuracy with largely mixed
results. Through a total of seven cognitive psychology experiments, Sun et al.
(2010, 2016) and Radley et al. (2018) find that varying scale proportions in
graphs change the resulting decision-making since data points are evaluated in a
cognitively biased manner based on their distance to other chart elements. Fur-
thermore, Padilla et al. (2015) demonstrate that uncertainty is understood to a
disparate extent when it is encoded through spatial glyphs, color, or brightness.
In human—computer interaction research, experiments observe similar framing
biases through salient graphical features (Diamond and Lerch 1992) such as
color schemes (Klockow-McClain et al. 2020). Lawrence and O’Connor (1993)
also show that graph scaling affects judgment and relate this to the anchoring
heuristic. Finally, financial reporting research extensively dedicates its field of
impression management on the observation that such biases are prevalent and
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184 K. Eberhard

Table 4 Effects on decision confidence: overview of results by domain

Domain Study Method® (#  Sample size and type Effect on
of conducts) decision
confidence
Psychology—cognition ~ Andrade (2011) E@3) 607 students +
Dong and Hayes (2012) E 22 practitioners -
Management—financial Tang et al. (2014) E (3) 157 students +
reporting
Management—strategic ~ Yildiz and Bohme S 85 practitioners +
decisions (2017)
Information science Sen and Boe (1991) E 107 students +
Butavicius and Lee E 81 students +
(2007)
Wesslen et al. (2019) E 94 students +
Arshad et al. (2015) E 26 practitioners -

4E experiment, S survey

possibly intended in annual report graphics, including through distorted graph
axes (Falschlunger et al. 2015b) and an intentional selection of information to
visualize (Beattie and Jones 1992, 2000; Dilla and Janvrin 2010; Jones 2011;
Cho et al. 2012a, b). Two further experiments compare the prevalence of cogni-
tive biases with graphs compared to text directly and find no difference for the
recency bias in financial reporting (Hellmann et al. 2017) as well as for other
heuristics in data-based managerial decision-making (Hutchinson et al. 2010)
(Table 5).

4.2.5 Attitude change and willingness to act

Observations on attitude change and the willingness to act on information consti-
tute the final category of outcome variables found in visualization research. Cog-
nitive psychology research observes an effect of visualizations on risk attitude,
where salient graphs can either enhance risk aversion (Dambacher et al. 2016) or
risk-seeking (Okan et al. 2018b), depending on the information that is highlighted
most saliently. Similarly, varied financial graphs change investors’ risk perception
and subsequent investment recommendations (Diacon and Hasseldine 2007). In
the area of performance management, the visualization of KPIs motivates man-
agers’ intention to act on the information when compared to text (Ballard 2020).
Consumer research investigates such phenomena commonly, where brand atti-
tude and the intention to purchase a product represent specific cases of judgment
and decision-making. Miniard et al. (1991) were among the first to show that
different pictures can result in different attitudes, while Gkiouzepas and Hogg
(2011) extend this investigation to visual metaphors. Finally, information science
research provides further insights. King Jr et al. (1991) find that visualizations are
more persuasive in attitude change than text, and Perdana et al. (2018) increase
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student subjects’ willingness to invest in their experimental setting through visu-
alization software. On the other hand, Phillips et al. (2014) find their subjects to
be less willing to seek out additional information in ambiguous decision settings
(Table 6).

4.3 User characteristics as moderating variables
4.3.1 Expertise and training

Common moderating variables investigated both in psychological and information
science research are the users’ expertise or training experience in a given domain.
Experimenters widely encounter a positive impact of experience on the influence
of visualizations on judgment accuracy and efficiency. In cognitive psychology,
Hilton et al. (2017) find that graphs of statistical risk improve decision quality for
more experienced practitioners alone. On the other hand, some results from educa-
tional psychology point towards the opposite effect of experience. Mayer and Gallini
(1990) find in their student experiments that learners with higher pre-test perfor-
mance benefit less from visual aids than learners on a lower level. In the information
sciences, Conati et al. (2014) find in their testing of computer interfaces that expe-
rience with visualizations leads to a pronounced advantage in judgment accuracy.
Training sessions (Raschke and Steinbart 2008) and experience through task repeti-
tion (Meyer 2000) enhance the positive effects of graphs (Table 7).

4.3.2 Cognitive ability

Another user characteristic regularly investigated in the social sciences is the meas-
urement of cognitive ability. In psychology studies, Honda et al. (2015) and Car-
doso et al. (2018) find that reflective ability determines in part how well subjects
translate visualizations into accurate judgments. Visual working memory (Tintarev
and Masthoff 2016) and numeracy (Honda et al. 2015) are further traits related to
cognitive ability in dealing with visualizations and found to enhance the benefits of
visualizations on judgment effectiveness and efficiency. The only study presenting

Table 7 Moderating effect of expertise and training: overview of results by domain

Domain Study Method® (#  Sample size and type Mod-
of conducts) erating
effect
Psychology—cognition Hilton et al. (2017) E(2) 502 students and practi- +
tioners
Psychology—education Mayer and Gallini (1990) E (3) 300 students -
Information science Meyer (2000) E 60 students +
Raschke and Steinbart E 403 students +
(2008)
Conati et al. (2014) E 99 students +

#F experiment
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contrary results consists of three experiments by Okan et al. (2018a), where subjects
with higher graph literacy are more prone to specific biases when shown bar graphs
of health risk data, and thereby make less accurate judgments. On the other hand,
experiments in financial reporting (Cardoso et al. 2018) confirm the positive effect
of the reflective ability. Conati and Maclaren (2008) and Conati et al. (2014) extend
this idea to perceptual speed in the area of consumer research (Table 8).

4.3.3 User preferences

Finally, experimenters investigate user preferences at times. In the adjacent field of
musical education, for example, Korenman and Peynircioglu (2007) demonstrate
that the visual presentation of learning material is only helpful to students with
the respective learning style. In cognitive psychology, Daron et al. (2015) observe
a variation in user preferences when presented with visualization options, however
without a significant effect on decision performance. This result is replicated in an
online survey on human—computer interaction by Lorenz et al. (2015). O’Keefe and
Pitt (1991) operationalize cognitive style from the MBTI framework and find a weak
association with the subjects’ reported preferences for text or specific chart types.
However, no relation to actual judgment accuracy or efficiency is found (Table 9).

4.4 Task and format characteristics as moderating variables
4.4.1 Task type

One common task characteristic identified as a moderating variable is the task type,
originally defined in the information sciences. In her seminal theoretical paper, Ves-
sey (1991) identifies spatial and symbolic tasks as the two archetypes, which cor-
respond to spatial and symbolic types of cognitive processing and spatial (graphical)
and symbolic (textual/numerical) representations. She hypothesizes that visualiza-
tions improve judgment effectiveness where these three manifestations align, which
she defines as cognitive fit and validates through experiments (Vessey and Galletta
1991), including in the sphere of multiattribute management decisions (Umanath
and Vessey 1994). Further research in information science widely supports this
moderating effect by comparing tables and standard quantitative graphs in judgment
tasks of increasing complexity (Coll et al. 1994; Tuttle and Kershaw 1998; Speier
2006; Porat et al. 2009). On the other hand, experiments in managerial forecast-
ing (Carey and White 1991) and financial reporting (Hirsch et al. 2015) present the
effectiveness of graphical displays in spatial decisions, based on cognitive fit theory.
Fischer et al. (2005) provide further evidence from the domain of cognitive psychol-
ogy, showing that bar graphs support spatial-numerical judgments particularly well
when the chart orientation equals the cognitive processing by following a left-to-
right direction (Table 10).
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192 K. Eberhard

4.4.2 Level of data structure

I identify two other task characteristics investigated in the literature, albeit infre-
quently. First, the level of data structure has been investigated only once in the infor-
mation science domain. Meyer et al. (1999) find line charts superior over tables in
judgment tasks when the underlying data is structured, with the opposite effect for
unstructured data (Table 11).

4.4.3 Task complexity

Second, two further experiments observe fask complexity as a moderating effect.
Meyer et al. (1997) demonstrate that the speed advantage they find for tables over
bar graphs in their computer interface tasks becomes more pronounced with increas-
ing task complexity. However, the same effect does not occur for line graphs. On the
other hand, Falschlunger et al. (2015c¢) find task complexity to be the main factor in
predicting task efficiency and effectiveness in handling financial reports but do not
observe interaction effects with the visualization (Table 12).

4.4.4 Graphical saliency of relevant data

Finally, various studies investigate modifications in the graph format as a vari-
able, with a focus on the graphical saliency of relevant data. This area of research
is bridging the two domains of cognitive psychology and information science with
widely overlapping results. For example, Verovszek et al. (2013) observe in their
information science experiment that colored visualizations are less effective in sup-
porting laypeople’s judgments on urban planning than simple black-and-white line
drawings since colorful, irrelevant features distract from the core information. Van
den Berg et al. (2007) identify color as a more powerful feature to highlight sali-
ent information in graphs than other variables, such as size. Spence et al. (1999)
find that variations in brightness lead to faster response times in comparison tasks
than variations in color. Breslow et al (2009) demonstrate that the moderating effect
of the use of color on judgment speed depends on the task type, with multicolored
visuals ideal for identification tasks and black-and-white brightness scales preferable
for comparison tasks. Finally, MacEachran et al. (2012) find colorless suited to rep-
resent uncertainty when compared to features such as fuzziness or transparency in
their surveys with students and practitioners.

Next to color, three-dimensional depth cues have received attention in research.
Several psychology experiments find that three-dimensional depth cues irrelevant
to the information visualized lower judgment accuracy (Zacks et al. 1998; Edwards
et al. 2012) as well as speed (Fischer 2000). Negative effects occur equally for other
irrelevant visual cues lowering the saliency of actually relevant information (Fis-
cher 2000). Further studies show that increasing the saliency of relevant features
can enhance the tendency to make compensatory choices (Dilla and Steinbart 2005)
and shorten response time (Fabrikant et al. 2010), while visual clutter decreases
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Table 11 Moderating effect of task level of data structure: overview of results by domain

Domain Study Method® (# of Sample size  Moderating effect of level of data
conducts) and type structure
Information Meyer et al. E 160 students  +
Science (1999)

2F experiment

judgment accuracy and boosts response times (Ognjanovic et al. 2019). Several
other studies test the suitability of a specific set of graphs for unique judgment areas
such as uncertainty simulation in urban development (Aerts et al. 2003), risk com-
munication (Stone et al. 2017; Stone et al. 2018), and performance management
(Peebles 2008) (Table 13).

4.5 Cognitive aspects as mediating variables
4.5.1 Cognitive load

Cognitive psychology research introduces the idea of cognitive processes medi-
ating the influence of visualizations on judgment performance, with a focus on
cognitive load. Jolicceur and Dell’Acqua (1999) show in their experiment that the
perception of visualizations is subject to structural constraints in working mem-
ory capacity, and Allen et al. (2014) manipulate cognitive load as a dependent
variable to demonstrate that judgment accuracy and speed using visualizations
decrease under higher cognitive load. Subsequently, psychology experiments
provide evidence that visualizations improve decision performance by reduc-
ing cognitive load as a mediating factor, operationalized and measured either
through pupil size and dilation (Smerecnik et al. 2010; Toker and Conati 2017) or
self-reported load (Cassenti et al. 2019). In management research, Ajayi (2014)
investigates this relationship in the context of a proprietary visualization tool for
financial data but finds no effect of the visualization component on cognitive load
or judgment accuracy. Two further experiments in human—computer interface
research operationalize cognitive load based on subjective reporting (Anderson
et al. 2011) and performance in a secondary task (Block 2013) and demonstrate
that cognitive load mediates the relationship between visualization use and judg-
ment accuracy and speed, with some types of graphics better suited than others
(Table 14).

Table 12 Moderating effect of task complexity: overview of results by domain

Domain Study Method® (#  Sample size and type Moderating effect
of conducts) of task complexity
Management—Stra- Falschlunger et al. E 84 students 0
tegic Decisions (2015¢)
Information Science Meyer et al. (1997) E(2) 80 students -

4F experiment
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Table 16 Mediating effect of attention: overview of results by domain

Domain Study Method* (#  Sample size and type ~ Mediating effect of
of conducts) attention

Psychology—cognition ~Smerecnik etal E 26 students Vis. — Atten-
tionT — Accu-
racy?

Marketing—consumer  Pieters et al FE 249 advertisements Vis. — Atten-

research tionT — Positive
attitude toward
brand?

2E experiment, FE field experiment

4.5.2 Gazing behavior

Another concept frequently operationalized to represent working memory capac-
ity is gazing behavior, which more recent experiments observe through the use
of eye-tracking technology, pioneered by the information sciences. Reani et al.
(2019) observe in their experiment with 49 students that gazing behavior is asso-
ciated with judgment accuracy, where subjects that pay more attention to relevant
visual areas deliver more accurate answers. Similarly, Lohse (1997) finds that in
the more complex decision environment of a budget allocation simulation, deci-
sion accuracy is related to efficient gazing behavior and can be improved through
the use of colors to reduce the time subjects spend looking at the chart legend.
Psychology experiments validate that well-designed graphs enable subjects to
focus their attention on relevant information and subsequently improve deci-
sion accuracy (Huestegge and Potzsch 2018) and response time (Vila and Gomez
2016) (Table 15).

4.5.3 Attention

Another variable operationalized at times in eye-tracking experiments is attention,
which is elicited through metrics such as the average gazing duration on a spe-
cific visual element (Pieters et al. 2010). In their cognitive psychology experiment,
Smerecnik et al. (2010) observe that graphs attract more attention in risk communi-
cation compared to tables and text and are associated with more accurate judgments.
Applying this idea to consumer research, Pieters et al. (2010) study the consumer’s
attention towards visual advertisements and observe that visual complexity based on
features such as decorative color can hurt attention, while well-structured complex-
ity such as arrangements of relevant information enhances attention and the attitude
toward the brand (Table 16).

4,54 Affect

Finally, some research emerges into the potential mediating role of affect. Harri-
son (2013) shows in her large-scale online experiment that affective priming can
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Table 18 Insights identified across application domains

Insight PSY* ’ MGMT® |MKT® IS¢
Positive Effect 1: Information Visualization Improves Decision

Quality and Accuracy o ] o [ J
Positive Effect 2: Information Visualization Steers Attention

Towards Uncertainty { ] o
Positive Effect 3: Information Visualization Speeds Up Cognitive

Processing o o o
Moderator 1: The Effects of Visualization Depend on

Cognitive Fit { ] o
Moderator 2: Differences Within Users Can Be More

Relevant than the Design o [
Negative Effect 1: Visualizations Risk to Impair Decisions by

Misguiding Attention ( o
Negative Effect 2: Visualizations Can Increase Overconfidence PY °

#Psychology—Cognition and Education

"Management—Financial Reporting, Controlling, and Strategic Decisions

“Marketing—Consumer Research

9dInformation Science

°Limited to financial reporting research (impression management)

significantly influence judgment accuracy in tasks supported visually and that the
graphs themselves can cause a change in affect valence. Similarly, Plass et al. (2014)
demonstrate in their educational research that color and shape in visualizations can
evoke positive affect and are associated with better student learning (Table 17).

5 Discussion

In this paper, I have presented a systematic and integrative review of the current
state of research on the effect of information visualization in the social and informa-
tion sciences. I structured and summarized the results of my systematic literature
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review along the type of variable interactions present in experimental research. In
order to discuss and synthesize the variety of literature insights, I categorize them
into three groups: Descriptions of the positive effects for visualizations within deci-
sion-making, elaborations on moderators of this potential, and insights into nega-
tive effects of misguided visualization use. Table 18 highlights this categorization of
results by application domain.

5.1 Positive Effect 1: Information visualization improves decision accuracy
and quality

Research findings overwhelmingly confirm the hypothesis that visualizations enable
the user to comprehend information more effectively, subsequently improving perfor-
mance in judgments and decisions. The reason behind this effect is most commonly
attributed to cognitive mechanisms. Suwa and Tversky (2002) point out that based on
cognitive load theory, less working memory is needed when visuals provide external
representations of concepts, which one can easily refer back to and thereby need not
keep in mind, leading to improved judgments. Allen et al. (2014) show in their experi-
ment that under externally induced cognitive load, well-designed charts suffer less than
cluttered ones. Furthermore, graphs enable a simpler gazing pattern than text, which
can be used as an indicator of cognitive effort (Smerecnik et al. 2010). Based on the
concept of cognitive load reduction, visualizations are effectively used in various appli-
cation areas including management research (Falschlunger et al. 2014) and more spe-
cifically managerial decision-making (Yildiz and Boehme 2017), next to psychology
and information sciences more broadly.

5.2 Positive Effect 2: Information visualization steers attention
towards uncertainty

A large share of studies identified points towards the strength of visualizations in
enhancing uncertainty and risk features in a data set. Beyond increasing the awareness
of uncertainty (Dong and Hayes 2012), the question of whether visualizations can also
improve the reasoning with probabilistic information is studied extensively. Various
studies show that visualizations can reduce typical comprehension issues, resulting in
the more accurate use of probabilities from a statistical perspective (Allen et al. 2014;
Wu et al. 2017; Stone et al. 2018). Positive effects in risk understanding are evalu-
ated particularly in the contexts of safety, such as food safety (Honda et al. 2015) and
violence risk (Hilton et al. 2017). Studies investigating the cognitive processes more
closely provide evidence that simpler charts indeed perform best (Edwards et al. 2012)
since they can reduce cognitive load (Anderson et al. 2011) and ultimately improve
the internal processing of probabilistic models (Tak et al. 2015). As Quattrone (2017)
points out, ambiguity and uncertainty are inherent in managerial decision-making and
should be embraced by information visualization, but research on this insight in man-
agement is scarce.
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5.3 Positive Effect 3: Information Visualization Speeds Up Cognitive Processing

There is evidence that graphs lead to faster processing, learning, and decision-making
(Block 2013), as judgment and decision efficiency are measured and operationalized
as the response time in various experiments. Utilizing eye-tracking technology, Reani
et al. (2019) point out that different types of graphs result in varying gazing patterns
in users and hypothesize a link to the reasoning processes. Based on the principle of
saliency, multiple studies show that graphs optimally designed to focus attention on the
most relevant information lead to more efficient and thereby faster gazing (Falschlunger
et al. 2014, 2015a), since more time can be spent focusing on highly relevant informa-
tion (Vila and Gomez 2016). Much of this existing work stems from the area of man-
agement reporting, investigating quantitative financial data. Overall, the evidence for
visual aids speeding up cognitive processing and decision-making appears robust and
applicable to management research.

5.4 Moderator 1: The effects of visualization depend on cognitive fit
within the decision context

Cognitive fit is a moderator in the effectiveness of visualizations that has been well
validated across psychological, management, and information science. Introducing
cognitive fit theory, Vessey (1991) explains many existing research findings in the
graph versus table literature claiming that graphs are not (always) more effective,
most notably by DeSanctis (1984). Cognitive fit theory is validated widely (Ves-
sey and Galletta 1991; Carey and White 1991; Coll et al. 1994; Meyer et al. 1997,
Meyer 2000; Porat et al. 2009; Perdana et al. 2019). Padilla (2018) recognizes that
this well-documented effect arises because a cognitive mismatch between data, task,
and approach (format) requires more working memory, which negatively affects
cognitive processing effectiveness and efficiency. Though highly reliable, many
studies investigate elementary processing tasks with limited external validity for
more complex decision-making in practice. Umanath and Vessey (1994) and oth-
ers (Tuttle and Kershaw 1998; Hirsch et al. 2015) extend the original cognitive fit
theory and successfully apply it to multi-attribute judgments—though at a potential
time-accuracy tradeoff. Finally, the idea of matching task and format complexity can
be seen as an extension to cognitive fit theory, where graphs are only helpful when
they represent as much data complexity as necessary to complete the respective task,
but as little as possible (Pieters et al. 2010; Van der Linden et al. 2014; Géryk 2017).

5.5 Moderator 2: Differences within users can be more relevant
than the visualization design

Task complexity in relation to user ability needs to be strictly controlled for as a
moderator of positive visualization effects. Early studies including individual dif-
ferences hypothesize that graph potential may be limited to users with a high level
of ability (Subramanian et al. 1992). Other studies claim that the positive effects of
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visualizations may be more significant for (Mclntire et al. 2014) or even limited to
(Mayer and Gallini 1990) less-skilled individuals. However, these seemingly con-
flicting results can be explained by the idea that since graphs are effective by requir-
ing less working memory than other formats, improvements are only visible where
working memory capacity is limited and needed elsewhere (Lohse 1997).

Furthermore, the majority of studies including user factors emphasize the impor-
tance of training and expertise, as opposed to inherent ability. Various studies sup-
port the claim that experience significantly enhances the contribution of visuals
(Porat et al. 2009; Edwards et al. 2012; Falschlunger et al. 2015a; Ognjanovic et al.
2019), with some claiming that training constitutes a requirement (Géryk 2017; Hil-
ton et al. 2017) or that users without training are subject to stronger biases (Raschke
and Steinbart 2008). Consequently, the training factor needs to be closely moni-
tored particularly for a novel or complex visualization. However, extensive training
of users is frequently time-consuming and costly. Therefore, the imperative arises
for interactive visualization interfaces to accommodate for varying user needs in
demanding decision situations. Interactive data visualization software is shown to
improve investment decisions (Perdana et al. 2018) and judgments by reducing cog-
nitive load (Ajayi 2014), for example with flexible performance management dash-
boards that reduce information load while hosting a full set of KPIs (Yigitbasioglu
and Velcu 2012). Contrary to much of the early research on static visualizations,
the progress in interactivity studies has been driven by practice and case studies,
with calls for science to follow suit (Marchak 1994; Mclnerny et al. 2014). Overall,
I conclude that a match in ability and training with format complexity and novelty,
respectively, is a significant determinant of the effectiveness of visualizations. How-
ever, there has been little to no empirical research on the subject in the domain of
management.

5.6 Negative Effect 1: Visualizations May Not Always Be Helpful: Risk to Impair
Decision Making by Misguiding Attention

Several studies, including in management research, argue that visualizations mis-
guide attention even in the presence of cognitive and user fit. For example, Hutchin-
son (2010) finds graphs to be as exposed to cognitive biases as tables in data-based
managerial decision-making. Similarly, other studies identify graphical representa-
tions as equally or less effective than verbal formats in financial reports (Volkov and
Laing 2012), forecasting (Chan 2001), probabilistic comprehension (Parrott et al.
2005), evidence evaluation (Sanfey and Hastie 1998), and communication (Rose
1966). The common denominator in these studies is the suboptimal use of salient
visual elements, leading to distraction. For example, overly realistic visualizations
encompassing color and higher complexity (DeSanctis 1984), may lead to visual
clutter that decreases performance (Alhadad 2018). As Padilla et al. (2018) argue,
visualizations are powerful because they attract fast cognitive bottom-up process-
ing. However, when this superficial processing is focused on irrelevant elements,
decision quality can suffer. A well-studied example of this effect is the addition of
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superfluous three-dimensional cues to quantitative graphs, which lowers accuracy in
using the graph (Zacks et al. 1998; Fischer 2000).

5.7 Negative Effect 2: Visualizations can increase decision-maker overconfidence

The most documented cognitive bias in my review is overconfidence, which can
be aggravated by the use of visualizations (O’Keefe and Pitt 1991). Multiple stud-
ies demonstrate that graph use can increase decision confidence without enhancing
decision quality to the same extent in the context of management and finance (Tang
et al. 2014; Yildiz and Boehme 2017; Wesslen et al. 2019). This may result from
the perception that visualizations show more information at once (Miettinen 2014),
thereby seemingly requiring less search for additional information (Phillips et al.
2014). In particular, this can be the case when graphs appear to visually simplify a
problem and the decision-maker fails to adjust his confidence to the underlying com-
plexity (Sen and Boe 1991). There is some research with inconclusive results (Pfaff
et al. 2013), showing no difference in confidence (Hirsch et al. 2015) or even low-
ered confidence (Dong and Hayes 2012; Arshad et al. 2015). However, the majority
of these studies deal with uncertainty communication, which is inherently tied to
a decrease in confidence (Watkins 2000). Overall, the evidence demonstrates that
unless highlighting uncertainty, visual aids result in higher decision confidence. The
case of overconfidence is particularly well established in the area of management
controlling and financial reporting but understudied for strategic decisions.

6 Research agenda

In summary, there is ample evidence for the potential of information visualization
to improve decision-making in terms of effectiveness and efficiency, yet my review
highlights possible limitations and risks where its use is misguided or inappropriate.
I argue that several of these are particularly critical for further research since there is
little to no application to the domain of strategic management decisions, despite the
ubiquity of visualizations to support these in practice. Based on the summary of my
insights by application domain in Table 18, I identify five research gaps in the field
of strategic management decisions.

First, there is conflicting evidence regarding the effect of information visualiza-
tion on decision-making under uncertainty, and existing research is mostly limited
to information science (Aerts et al. 2003). Depending on the context and design,
visualization use can increase or reduce risk-taking (Dambacher et al. 2016) but has
the potential to improve probabilistic reasoning in an objective manner (Allen et al.
2014). Given the importance of uncertainty as a defining factor of strategic man-
agement decisions (Quattrone 2017), the possibility of information visualizations to
improve risk understanding in the management context deserves closer evaluation.
For example, the framing bias is a well-documented phenomenon in strategic deci-
sion-making (Hodgkinson et al. 1999), leading to different subjective risk interpreta-
tions and subsequent decisions based on the presentation of information. Naturally,
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the question arises whether information visualization can mitigate this bias and
which salient visual features are beneficial. I suggest exploring this question through
experiments with strategic management decision vignettes.

Research Gap 1: How can information visualization mitigate the framing bias and
improve risk understanding in strategic management decisions?

Second, my review has made clear that the effectiveness of information visuali-
zation depends in large parts on user characteristics such as expertise (Hilton et al.
2017), numeracy (Honda et al. 2015), and graph literacy (Okan et al. 2018b), yet
there exists no transfer of this insight towards individual managerial traits. At the
same time, well-established concepts such as the Upper Echelons Theory (Hambrick
2007) highlight the relevance of CEO characteristics, both observable and psycho-
logical for strategic managerial choices and, subsequently, company performance.
While some concepts such as experience may be transferrable from existing visu-
alization research (Falschlunger et al. 2015c) requiring validation only, others, such
as group position or individual values, present opportunities to extend theory sub-
stantially. I suggest exploring this area through a dedicated analysis of relevant CEO
characteristics and corresponding empirical research with practitioner subjects.

Research Gap 2: How do CEO characteristics influence the effectiveness of infor-
mation visualization in strategic management decisions?

Third, while the prevalence of visualization use for impression management in
financial reporting is well-established (Falschlunger et al. 2015b), there is a com-
plete lack of transfer of this phenomenon to the realm of strategic management deci-
sions. As Whittington et al. (2016) highlight, strategy presentations can be seen as
an effective tool for CEO impression management. Given the popularity of visu-
alizations in this communication medium — both through quantitative charts and
schematic diagrams (Zelazny 2001), the question arises to what degree impression
management also takes place in this case, for example through the reporting bias
(Beattie and Jones 2000). I suggest investigating this subject empirically, for exam-
ple through archival studies.

Research Gap 3: To what extent does CEO impression management occur
through visualization use in strategy presentations?

Fourth, while overconfidence in managerial decision-making is a commonly
reported issue with significant efforts to develop corrective feedback as a remedy
(Chen et al. 2015), there is little understanding of the role of information visuali-
zation in this matter. My review has demonstrated that visual aids often increase
decision confidence as much as they improve the judgment itself (Yildiz and Boe-
hme 2017) or even more (Sen and Boe 1991), but can also reduce confidence,
particularly where uncertainty information is depicted (Dong and Hayes 2012).
However, the latter effect was only studied for topics unrelated to management.
Therefore, there is a complete lack of understanding of the effects of visualizations
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on managerial overconfidence, and I suggest exploring this research gap empirically
with practitioners.

Research Gap 4: How do visual aids influence overconfidence in managerial deci-
sion-making?

Finally, a large share of cognitive psychology research discusses the effectiveness
of visualization use through the reduction of cognitive load, yet they usually start
off with low-load contexts, which is the opposite of high-stress managerial decision-
making (Laamanen et al. 2018). Allen et al. (2014) find evidence that the effective-
ness of distinct graph types changes with the level of externally induced cognitive
load, raising the question to what extent previous insights on helpful visual aids are
applicable to managerial decisions in a high-stakes environment filled with distrac-
tions and parallel issues requiring attention. Therefore, I suggest studying visualiza-
tion use in experimental environments with varying levels of cognitive load as the
independent variable, ideally with management practitioners and a realistic strategic
task setting.

Research Gap 5: How does cognitive load influence the effectiveness of informa-
tion visualization in strategic management decisions?

7 Conclusion

Information visualization has become ubiquitous in our daily professional and pri-
vate lives, even more so with the advent of accessible and powerful computer graph-
ics. However, the impact that visualizations have on human cognition and ultimately
decisions stills remains unclear to a large extent. While the prevalence of visuali-
zation research across a plethora of application domains shows its pertinence, the
decentralized approach has led to a scattered and unstructured field of theories and
empirical evidence. My literature review thus sought to provide a far-reaching over-
view of this work and a detailed research agenda. As a result, three contributions
arise from my review.

First, I provide an overarching structure to summarize the range of effects and
interacting variables that can be found surrounding visualization research. This
includes a wide set of dependent variables ranging from decision quality and speed
to confidence and attitudes, as well as complex moderating and mediating effects
that are crucial to understanding the overall power of visualizations. This precise
framework is paramount to a holistic and comprehensive review of the scattered
existing literature.

Second, to the best of my knowledge, my systematic literature review is the first
on visualizations spanning the whole of social and information sciences simulta-
neously. While some previous reviews such as the one by Yigitbasioglu and Velcu
(2012) utilize a multidisciplinary approach, they usually define the visualization
type investigated more narrowly, for example by focusing on dashboards only. I
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believe that my integrative overview provides a valid contribution to the ongoing
work to synthesize the mixed results in visualization research.

Third, I demonstrate that despite the plethora of evidence at first sight, visualiza-
tion research is far from complete due to its multitude of moderating variables and
at times conflicting results. Building on my systematic review of existing literature,
I specify an agenda of potential research directions for future studies to follow in
order to advance our understanding of the cognitive implications of visualizations in
the context of managerial decision making in particular.

This paper also has direct implications for management practice. As Zhang (1998)
points out, managerial decision-making is particularly well-positioned to profit from
good visualizations since it often utilizes unstructured, large sets of information that
are computer-centered, dynamic, and need to be interpreted constantly under time
pressure. However, the interaction of visualization use with various factors should
not be underestimated in the design of computer graphics for decision support. The
high validity of the cognitive fit theory and the contingency on user characteristics
found in the literature demonstrates that the designer should spend extensive time on
clarifying for whom and what the visualization is intended. Furthermore, the poten-
tial for overconfidence and automatic processing based on visualized information
may result in decision-makers skipping on more elaborate thought, which may be
desirable in some, but certainly not all situations.
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