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a b s t r a c t
Dashboards are expected to improve decision making by amplifying
cognition and capitalizing on human perceptual capabilities. Hence,
interest in dashboards has increased recently, which is also evident
from the proliferation of dashboard solution providers in the market.
Despite dashboards' popularity, little is known about the extent of
their effectiveness, i.e. what types of dashboards work best for
different users or tasks. In this paper, we conduct a comprehensive
multidisciplinary literature review with an aim to identify the critical
issues organizations might need to consider when implementing
dashboards. Dashboards are likely to succeed and solve the problems
of presentation format and information load when certain visualization principles and features are present (e.g. high data-ink ratio and
drill down features). We recommend that dashboards come with some
level of ﬂexibility, i.e. allowing users to switch between alternative
presentation formats. Also some theory driven guidance through popups and warnings can help users to select an appropriate presentation
format. Given the dearth of research on dashboards, we conclude the
paper with a research agenda that could guide future studies in this
area.
© 2011 Elsevier Inc. All rights reserved.

1. Introduction
Due to continuous advancements in Information and Communication Technologies and the fast-paced
nature of the business environment today, organizations generate and deal with increasingly more data.
Managers are often overwhelmed with reports and information churned out from a multitude of
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organizational information systems such as Enterprise Resource Planning (ERP), performance scorecards,
and business intelligence (BI) software that compete for managers' attention. This phenomenon is
generally known as information overload. The problem is further exacerbated when reports are poorly
designed with respect to how information is presented, which often distract than guide decision makers'
attention.
Performance dashboards might offer a remedy to the information overload problem by providing an allinclusive package for performance management, incorporating various concepts and applications such as
strategy maps, scorecards, and BI into one manageable solution. Although promising, a dashboard's value is
inextricably linked to its features and the way they are utilized in organizations. However, there is no
agreement over how exactly a dashboard should look like and what it should do. Generally speaking, a
dashboard is expected to collect, summarize, and present information from multiple sources such as legacy-,
ERP, and BI software so that the user can see at once how various performance indicators such as order-ﬁll
rates and sales returns are performing. As far as data is concerned, a dashboard represents the tip of an
iceberg, i.e. what the user sees at ﬁrst and if needed, analyses further to uncover causes of poor performance.
The software vendor market reﬂects the lack of consensus over the dashboard concept. Whereas some
solutions come with “full” features, i.e. interactive drill down capabilities, scenario (what-if) analysis, builtin automated alerts, customization options, etc., others are more simple and static by nature.
Dashboards have been well received and interest in them is growing. For example, Negash and Gray
(2008) regard them as one of the most useful analysis tools in BI. A handful of success stories reported in
professional journals on actual dashboard implementations seem to support this claim, i.e. Schulte (2006)
found that the use of IBM's Business Objects Dashboard Manager at Edward Hospital improved its cash
ﬂow through the better management of account receivables. Also, Unisys' marketing dashboard led to
improved budget allocation, accountability, and performance management (Miller and Ciofﬁ, 2004).
Whether the purpose is to improve internal control or performance management in the midst of an
economic downturn, the ability to access and quickly evaluate different aspects of a company's performance is essential (Hanoa, 2009).
Although dashboards seem to have caught on as a management tool, the scientiﬁc literature has failed
to keep pace with the developments. While textbooks (e.g. Few, 2006; Rasmussen et al., 2009) and articles
in business press (e.g. Miller and Ciofﬁ, 2004; Kawamoto and Mathers, 2007) on dashboards abound, only
a handful of studies can be found in academic journals, providing little guidance for practitioners
(Pauwels et al., 2009) and researchers. The few scientiﬁc studies on dashboards have looked at the
motivation (Wind, 2005; Pauwels et al., 2009), implementation stages of dashboards (Pauwels et al.,
2009), and selection of metrics (DeBusk et al., 2003; Pauwels et al., 2009), which left the critical issue
regarding their design essentially unaddressed. However, there does not seem to be a simple solution to
dashboard design. For example, the literature on information presentation format, which dashboards
draw on, is in disagreement over the techniques of visual representations that should be used to improve
decision making (O'Donnell and David, 2000). There is the view that IS need to be designed according to
the types of tasks (e.g. Vessey, 1991; Dilla and Steinbart, 2005), knowledge (e.g. Cardinaels, 2008), and
the personality (Boon and Tak, 1991; Kostov and Fukuda 2001) of users. On the other hand, Huber (1983)
suggests that decision support systems (DSS) come with ﬂexibility as catering for the different cognitive
styles of users is difﬁcult, if not impossible. It is against this backdrop that we believe a review of the
current literature that dashboards draw on as well as the development of an agenda for dashboard
research could offer value to both practitioners and researchers.
The overall purpose of this paper is to provide a state of the art review of the role of dashboards as
decision support tools in performance management and to identify possible design issues that need to be
addressed when implementing them. To this end, we begin with the research questions and then present a
summary of the previous research that draws on models and theories in human information processing
and IS. Finally, we present the implications and future research opportunities in this ﬁeld.
2. Research Questions
A dashboard can be regarded as a data driven decision support system, which provides information in
a particular format to the decision maker. Hence, dashboards need to be evaluated according to their
design features and the way the users interact with them to make decisions. Users arrive at decisions
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through cognitive processes, where information is processed and meaning is derived. The decision
process is a function of the information system's features, the decision making environment, and the
problem solving skills of the user (O'Donnell and David, 2000). An information system provides symbols
and decision cues to the decision maker. Symbols refer to the notational and symbolic representations of
physical reality (Haeckel and Nolan, 1993; Sowa, 1997). “A decision cue is a feature of something
perceived that is used in the interpretation of perception” (Choo, 2009, p 1074), where perception is an
inferential process as objects in the environment can only be perceived indirectly through available
information that has been sensed by the individual (Brunswik, 1952). The decision making environment
consists of objects representing reality (e.g. people, things, and events) and context (e.g. accountability
and group membership), which recognizes differences in the decision environment (O'Donnell and
David, 2000). Problem solving skills are shaped by the knowledge and ability of decision makers as well as
their perceptions of reality, which are embodied by mental representations in a person's neural space
(David et al., 1999). Finally all the variables interact to determine the processing strategy, where meaning
is assigned to decision cues and the relative value of each cue is determined to make a decision (Newell
and Simon, 1972).
Three of several IS research streams that O'Donnell and David (2000) identify are highly relevant from
a dashboard design perspective, i.e. (i) the interaction and feedback given by information systems (ii) the
type of presentation format to be used, and (iii) differences in the amount of information load. In the
context of dashboards, the level of interactivity is likely to depend on the purpose and features of the
dashboard. Feedback might be desirable so as to alert users when performance targets are missed and
possible courses of actions are advised. However, there needs to be a balance between the complexity and
usability of dashboards, where excessive features and feedback might negatively affect decision making
and morale. Dashboard designers also face the problem of presentation format as there are alternative
ways of displaying metrics and trends on a dashboard (i.e. tabular information vs. graphs). Finally,
information load is an important issue, as dashboards need to provide the right amount of decision cues,
without overwhelming the user with excess information. Given the different options, the design of
dashboards poses a challenge for companies intending to use them effectively. We therefore seek to
answer the following three research questions in this paper, which we address in Section 3.
RQ1: What are the design features of an effective dashboard and is there a general dashboard design
strategy that might be suitable to all types of users within organizations?
Unless a one size ﬁts all approach is deployable, organizations need to be aware of the impact of their
design choices on the efﬁciency and effectiveness of decision making. As part of our discussion, we also
think that it is imperative to establish the relationship between performance management and
visualization which gave rise to dashboards in the ﬁrst place. Hence, this is taken up in Subsection 3.1.1
as a subtopic to RQ1. Furthermore, we also need to ask the following question.
RQ2: To what extent should users' tasks and knowledge in terms of, for example, education, experience
and skills (e.g. IT skills) be taken into account when designing dashboards?
This is in line with the general IS design framework of O'Donnell and David (2000). However, we also
consider personality type of the user as a further factor that might need to be taken into account as this
has been previously discussed in the information systems literature (Bariff and Lusk, 1977; Liberatore
et al., 1989; Carpenter, 1993; Kostov and Fukuda, 2001). Hence this leads to our third research question.
RQ3: Do designers of dashboards need to develop different solutions based on end users' cognitive
styles and personality types?
The knowledge obtained from such an investigation could be used to improve the design of dashboards
and/or to advocate user training. For example, is it only the younger, less tenured and more technology
savvy accountants who are more likely to use dashboards? On the other hand, if the link between user
knowledge, skills, personality, and dashboard beneﬁts is weak, which means the concept of ﬁt is irrelevant,
then the design of dashboards may not pose such a big challenge.
3. Literature Review
For the literature review, we followed the recommendations of Webster and Watson (2002). We
searched papers based on keywords in research databases including ProQuest, Business Source, EBSCO,
Emerald, JSTOR, SpringerLink, and Wiley. The keywords that we used were “dashboards,” “visualization,”
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“presentation format,” “display format,” “graphs,” and “performance management/measurement.” We
ﬁltered the returned articles according to their relevance to the subject of the paper. We did not limit our
search to accounting, AIS or MIS journals because of our multidisciplinary approach. This proved to be
beneﬁcial as articles that were published in, for example, marketing and psychology journals provided
important insight into the subject. We then reviewed the references (going backward in time) as well as
the citations (going forward in time) of the identiﬁed publications. We present a summary of the most
important ﬁndings relevant to dashboards in Table 1. The literature review presented in the next section
follows the structure of the table, where we ﬁrst deﬁne and describe the dashboard and then focus on
the interaction between tasks, user characteristics and presentation formats from a decision making
performance perspective. The numbers in the parentheses refer to Fig. 1, which depicts the different paths
that research has followed to date.
3.1. Dashboards: Functional and Visual Design Features
Dashboards became popular after the Enron scandal in 2001 (Few, 2006) but there is not a clear
deﬁnition of dashboards, neither given by software vendors nor by academics. The dashboard vendors
deﬁne dashboards from the perspective of characteristics that their products have. Researchers talk about
different types of applications of the dashboard concept and different stages in their development
(Pauwels et al., 2009). A generic description of dashboards may be that of a graphical user interface that
contains measures of business performance to enable managerial decision making. This deﬁnition
comprises the visual display of the dashboard concept, the content, and the purpose for which dashboards
are used. Few (2006, p. 34) deﬁned dashboards in terms of common characteristics of every example
of dashboard that he could ﬁnd on the web: “A dashboard is a visual display of the most important
information needed to achieve one or more objectives; consolidated and arranged on a single screen so
the information can be monitored at a glance.”
In view of the recent developments in their design, their purpose and the concept itself, a more accurate
deﬁnition of a dashboard might be that of a visual and interactive performance management tool that
displays on a single screen the most important information to achieve one or several individual and/or
organizational objectives, allowing the user to identify, explore, and communicate problem areas that need
corrective action. This deﬁnition emphasizes their interactivity and reﬁnes its purpose.
The terminology originates from the vehicle dashboard, which reports the few metrics that the
driver needs to know. Dashboards help managers to visually identify trends, patterns and anomalies
about business, which makes the issue of visual information design very important. There may be several
purposes of a dashboard, i.e. to enable (i) consistency, (ii) monitoring, (iii) planning, and, (iv) communication (Pauwels et al., 2009). Consistency refers to the measures and the measurement procedures used across departments and business units. Monitoring is the day to day evaluation of metrics
that should result in corrective action. A dashboard may also be used for planning by allowing the
simulation (what if analysis) of various business scenarios in the future. A dashboard does not only
communicate performance to stakeholders but also the values of an organization through the choice of
the metrics.
We distinguish between two types of design features: functional features and visual features.
Functional features are the features that relate indirectly to visualization but describe what the dashboard
can do (see Fig. 1). On the other hand, the visual features refer to the principles of visualizing data, i.e. how
efﬁciently and effectively information is presented to the user. It is important that the functional features
of the dashboard ﬁt with its purpose(s): a poor ﬁt might result in sub optimum decisions, providing
incomplete decision cues and symbols to the decision maker. There will be, for example, a poor ﬁt when a
dashboard is intended to be used as a planning tool but when it lacks the functional features to carry out
scenario analysis. The dashboard may also be used as a tool to communicate strategy (as in the BSC) but it
may not reﬂect this in terms of how the performance measures are displayed (e.g. the order of measures,
display size, etc.). Furthermore, even if there is a ﬁt (i.e. all the required information and features are
available to the user), a poor visual design (e.g. excessive use of colours, low data-to-ink ration, etc.) may
confuse and distract the user. The issue of visual design is further discussed in the following sections.
Dashboards, as many other visualization tools draw on the principles of visual perception. Visual
perception can be explained through the application of Gestalt psychology to visualization. Gestalt
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Table 1
Summary of key ﬁndings regarding presentation formats and dashboards.
Dashboard deﬁnition and purposes (1), visual feat., information
load — NDecision Performance (6)
Dashboard deﬁnition

Study

Dashboard purposes
A dashboard should ﬁt on a single screen but allow data
to be drilled down
The use of Gestalt principles to improve perception
Use of colours to enhance perception
High data to ink ratio to maximize attention paid to
important information
The introduction of grid lines into 2D and 3D graphs
prevents decision bias
There is a U relationship between information load and
decision accuracy
Increasing the number of information cues can lead
to less consistent decisions
Altering the display format can help focus on more
relevant information
Supplementing BSC's with strategy maps increased
attention paid to KPI's
Performance markers (e.g. +/−) can help eliminate
bias in connection to BSC presentation format

Pauwels et al. (2009)
Few (2006)

User tasks, knowledge and presentation format
— N decision Performance (2 + 5) (3 + 5)

Study

Tabular information was superior to graphs with respect
to consensus among decision makers. Task difﬁculty
not affected by supplementary BSC information
Tabular information more suitable for symbolic
tasks: e.g. for extracting speciﬁc values and
combining them to an overall judgement
Tabular information led to better decisions
involving selective tasks (monitoring speciﬁc values)
Tabular information was found to be more superior
when tasks became more complex and information
cues became less consistent
Tabular information led to more accurate decisions
for accumulation tasks
Presentation format did not affect value judgements
of auditors
Sales forecasts based on tabular format were more
accurate than graphical animations
No one form of presentation is best in all situations.
Graphs are more suitable for spatial tasks: e.g. for
comparing a set of values.
Graphs reduced the negative inﬂuence of information overload
Graphs led to more accurate ﬁnancial predictions
Graphs were found to be superior for correlation and
sales forecasting tasks but value added decreased with
auditing experience
Broad scope information (less aggregate) appeared to be more
beneﬁcial in marketing, where marketing was assumed to
have a higher level of uncertainty than production
Graphs produced better correlation estimates and decreased
time on task
Graphs improved accuracy of bankruptcy, earnings,
and sales forecasts
Graphs led to higher accuracy for complex auditing tasks
Graphs produced better performance evaluations that
required holistic decision strategies

Dilla and Steinbart (2005)

Few (2006)

Moore and Fitz (1993)
Goldstein (2007)
Tufte (2006)
Amer and Ravindran (2010)
Shields (1983), Iselin (1988)
Chewning and Harrell (1990), Stocks and Harrell (1995)
Dilla and Steinbart (2005)
Banker et al. (2004)
Cardinaels and van Veen-Dirks (2010)

Vessey (1991), Umanath and Vessey (1994)

Amer (1991)
Davis (1989a, 1989b), Liberatore et al. (1989), Blocker
et al. (1986), So and Smith (2004)
Hard and Vanecek (1991)
Kaplan (1988), Bricker and Nehmer (1995),
Frownfelter-Lohrke (1998)
Hasbun (2009)
Davis (1989a, 1989b)
Vessey (1991) Umanath and Vessey (1994), Vessey and
Galletta (1991)
Diamond and Lerch (1992), Umanath and Vessey (1994)
Hard and Vanecek (1991)
Anderson and Mueller (2005)

Mia and Chenhall (1994)

Schulz and Booth (1995)
MacKay and Villarreal (1987), DeSanctis and Jarvenpaa
(1989), Anderson et al. (1992), Anderson and Reckers (1992)
Wright (1995)
Tuttle and Kershaw (1998)

(continued on next page)
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Table 1 (continued)
Users who chose preferred presentation format made more
accurate decisions for symbolic tasks
Self organizing maps and multidimensional scaling did not
signiﬁcantly outperform tabular representations.
Schematic faces and bar chart graphs produced superior
performance to ﬁnancial ration and trend diagrams
Geographical information systems do not ensure superior
performance over tabular information
Higher task uncertainty requires more disaggregate data
Users with low level of accounting knowledge made better
decisions with graphs. Users with high level of accounting
knowledge made better decisions with tables

Wilson and Zigurs (1999)
Huang et al. (2006)
So and Smith (2003)
Dennis and Carte (1998)
Benbasat and Dexter (1979)
Cardinaels (2008)

Personality type and presentation format — N decision
performance (4 + 5)

Study

Personality type did not affect the value perceived from different
presentation formats
Customization of user interfaces to match personality type may
lead to success
Users performed better when they handled an interface that
matched their personality type
Cognitive styles (MBTI) and ﬁeld independence had no impact
on decision quality with varying presentation formats
Decision support systems should not be designed according
to the desires of individual managers
Low analytics with disaggregate data performed better than
low analytics with structured and aggregate data
Analytic planners performed more conﬁdently with less aggregate
data. Heuristic planners performed equally well with aggregate
and less aggregate data

Liberatore et al. (1989) and Carpenter et al. (1993)
Boon and Tak (1991)
Kostov and Fukuda (2001)
So and Smith (2003)
Vessey and Galletta (1991)
Benbasat and Dexter (1979) Bariff and Lusk (1977)
Lederer and Smith (1988)

psychology was born in reaction to atomism at the end of the 19th century with the view of things “as more
than the sum of their parts.” The Gestalt psychologists were intrigued by the way our minds perceive
wholes out of incomplete elements (Behrens, 1984; Mullet and Sano, 1995). Among the Gestalt principles
that dashboards use are proximity, similarity, continuity, ﬁgure-ground, symmetry, and the closure of
objects (Moore and Fitz, 1993).
Dashboards convey information through visualization, where information visualization refers to the
“use of interactive visual representations of abstract, nonphysically based data to amplify cognition”
(Card et al., 1999). The process of visualization involves two distinct phases: encoding and decoding. They
are facilitated through the use of visual attributes such as shape, position and colour, and textual
attributes such as text and symbols, which themselves are represented with simple visual attributes
(Wunsche, 2004). Visualization is effective if the decoding is done “correctly,” where perceived data
quantities and relationships between data reﬂect the actual data. Visualization is efﬁcient if the maximum
amount of data is perceived in a minimum amount of time. According to Friedman (1979) and Olivia
(2005), visual perception involves two elements: the perceptual and conceptual gist. The perceptual gist
refers to the process of the brain when it determines the image properties that provide the structural
representation of a scene, like colour and texture. The conceptual gist refers to the meaning of the scene,
which is improved after the perceptual information is received.
Dashboards can be evaluated according to how well they facilitate the encoding and decoding of
information. A good balance between visual complexity and information utility is required. Visual
complexity refers to “the degree of difﬁculty in providing a verbal description of an image” (Heaps and
Handel, 1999; Oliva et al., 2004). Visual complexity might increase with the quantity and range of objects
as well as with varying material and surface styles (Heylighen, 1997). Conversely, repetitive and uniform
patterns and existing knowledge of the objects in the scene reduce visual complexity (Oliva et al., 2004).
Dashboards often make use of colours to discriminate objects from one another or to recognize and
identify them (Goldstein, 2007). Although the use of colours may improve the process of visualization,
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Decision Making and
Performance Man.

1
Perf. Monitoring
Perf. Meas. Consistency
Communication

Tasks, e.g.

Planning

Spatial/Symbolic

2

Simple/Complex

Functional Features

Uncertain/Certain

Present. format type
(Graphs vs.Tables)

Knowledge, e.g.
In accounting

3

Present. format
flexibility

5

Drill down and drill up
Scenario analysis

Cognitive Styles and
Personality, e.g.
Intuitive/Sensing

Theory guided format
selections

4v

Accuracy
Consistency

Automated alerts

Confidence
Speed

Thinking/Feeling
Judgement/Perception

Visual Features
Single page

6

Frugal use of colours
High- data ink ratio
Use of grid lines for 2D
& 3D graphs

Identification of
purposes enables
functional fit
between purposes
and features

Functional features
enable cognitive fit
with different types of
users
Visual features improve
visualization and
information encoding

Features enable visual
interpretation, and
information decoding
(Cognition & Meaning)

Fig. 1. A summary of dashboard research paths with implications on design.

excessive use of colours can distract the user and may therefore have an adverse effect on decision
making. Similarly, redundant visual information in graphs such as decorated frames and non value adding
3D objects could limit attention paid to important information. To remedy this problem, it has been
suggested to maximize the data-ink ratio, which measures the proportion of ink used to represent data to
the total ink used to print the graph (Tufte, 2006). Furthermore, some 2D and 3D graphs can cause visual
illusions (Poggendorff illusion) that bias decision making. To solve this problem, Amer (2005) and Amer
and Ravindran (2010) suggested the use of gridlines as visual aids. Other guidelines for presenting
graphical information can be found in for example, Tufte (1983), Jarvenpaa and Dickson (1988), and
Wainer (1997).
Although it is strongly suggested that a dashboard ﬁt on a single computer screen, the information
displayed on dashboard should open the door to additional information (Few, 2006). Thus, some of the
newer generation dashboards include point and click interactivity that allow users to drill down
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information (dimensional analysis) so as to obtain further details on various performance measures.
Furthermore, dashboards can also help users to identify measures that need immediate attention by
visually alerting (trough bright colours and/or ﬂashing) the user when performance indicators go out of
range.
Overall, the requirements of new generation dashboards refer to (1) aligning business processes with
latest information to provide business intelligence at all levels in the company, (2) using intuitive and
easy to digest visuals for delivering information to busy executives, and (3) sound navigation (Ziff Davis
Enterprise, 2008). The last two requirements highlight the importance of dashboards to provide data
visualization in a way that makes sense to the individual. This can be achieved through design elements
such as the frugal use of colours, high-data ink ratio and the use of gridlines in graphs, as well as drill down
capabilities from the single dashboard page. Thus, if designed properly, dashboards can offer the solution
to information overload or miscommunication regarding reporting in companies. In the next section, we
provide a brief analysis on the link between performance management and the use of visual aids, which
led to the development of dashboards.
3.1.1. Towards Visualization in Performance Management
Dashboards have their application in organizational performance measurement and management.
Performance measurement is an established concept. Performance measurement systems provide the
means of monitoring and maintaining organisational control whereby the achievement of goals and
objectives of an organization are ensured (Nani et al., 1990). Thus, “measurement provides the basis for
an organisation to assess how well it is progressing towards its predetermined objectives, helps to
identify areas of strength and weaknesses, and decides on future initiatives, with the goal of improving
organizational performance” (Amaratunga and Baldry, 2002, p. 217).
Traditionally, performance measurement was primarily based on accounting information such as
summary measures (e.g. net income, operating proﬁt) and ratios (e.g. ROI, ROE) (Merchant and Van der
Stede, 2007). A turning point in the area of performance measurement occurred when Kaplan and Norton
(1992) published their seminal paper titled “The Balanced Scorecard”. Kaplan and Norton (1992)
suggested the use of both ﬁnancial and non-ﬁnancial measures in performance measurement. Thus, the
Balanced Scorecard concept (BSC) (Kaplan and Norton, 1992, 1996) has become the best-known attempt
to broaden performance measurement by including non-ﬁnancial measures (relating to learning and
growth, processes, and customers) aside from conventional accounting information. Typically, a BSC
includes more than 20 individual measures (4–7 measures in each dimension), which then make up the
holistic performance rating of an organization (Neumann et al., 2008).
However, there is little guidance as to how and to what extent non-ﬁnancial measures should be used
(Corona, 2009). According to Ittner and Larcker (2003), executives assign either equal weights to non
ﬁnancial measures, go with fashion or rely on their own assumptions about the measures' strategic
importance. Furthermore, Ittner and Larcker (2003) provide evidence that corporate managers routinely
discount or ignore non-ﬁnancial measures. One explanation for such behaviour could be the subconscious
limitation to information processing because decision makers can only process a fraction of the available
information (Neumann et al., 2008). Decision-makers are symbol manipulation systems that process
information by structuring problem spaces and searching those spaces until a goal is achieved. The space
search is limited by the human's limited span of attention (e.g. the number of symbol structures to which a
human can attend simultaneously) (Newell and Simon, 1972). In line with the information processing
theory, for example, Neumann et al. (2008) suggested that evaluators' judgements could be traced to less
than 4 measures, which agrees with Halford et al. (2005). Hence, given that individuals have limited
working memory store, they should rationally focus on information with increased likelihood of
diagnostic capability. The order and categorization (e.g. ﬁnancial vs. non ﬁnancial) of the information
presented to the users is also relevant. For example, decision makers when presented with information in
the BSC format assign more weights to ﬁnancial measures where this can be corrected using performance
markers (e.g. +, −) (Cardinaels and van Veen-Dirks, 2010).
Excessive information may not only lead to disregard of information but also to decision inaccuracy.
Shields (1983) and Iselin (1988) found an inverted U-relationship between the accuracy of decisionmaking and the quantity of information supplied. The inverted-U relationship indicates that there is a
certain level of accounting information supplied in reports that results in the most accurate decisions. More

O.M. Yigitbasioglu, O. Velcu / International Journal of Accounting Information Systems 13 (2012) 41–59

49

or less information decreases the decision accuracy. Furthermore, more information could lead to less
consistent decisions (Chewning and Harrell, 1990; Stocks and Harrell, 1995).
To overcome the abovementioned problems regarding complex judgement tasks, Silver (1990, 1991)
suggested supplementing or altering the way information is displayed. This kind of informative guidance
(visualization) can help facilitate better decision making by making it easier to focus on the relevant
portion of the information set (Dilla and Steinbart, 2005). Thus, Banker et al. (2004) found that BSCs
supplemented with strategy maps that show the linkages between performance measures and the
different aspects of an organization's strategy increases attention paid to those measures when evaluating
divisional performance.
Thus, an initial review of the literature in performance management indicates that information visualization can potentially improve cognition as it helps to digest complex information more efﬁciently.
However, structuring and data aggregation, which is especially relevant to dashboards is to be done with
caution as this may not always produce the best results. For example, tasks that are more uncertain may
require relatively more detailed data (Benbasat and Dexter, 1979; Mia and Chenhall, 1994). Also, the cognitive
skills of users (e.g. analytical versus less analytical) affect the demand for aggregate data (Lederer and Smith,
1988). Such ﬁndings point on the need to bear in mind users' tasks and knowledge/skills when designing
dashboards and reports in general, which is the topic of the following sections.
3.2. User Tasks, Knowledge and Presentation Format
The use of graphs to report accounting information has been studied from different angles. For
example, Beattie and Jones (2000) pointed to a reporting bias in ﬁnancial graphs in corporate annual
reports, which were used to make a favourable impression on the readers. Thus, Raschke and Steinbart
(2008) proposed user training for mitigating the effects of misleading graphs on decision makers. Within
the context of management accounting, researchers attempted to show that graphs could lead to superior
decision-making performance compared to tables (Vessey, 1991). However, Vessey and Galletta (1991)
concluded that there is no agreement over which types of presentation format (i.e. table or graph) is
better.
Research on information display suggests that for example, the use of tables versus graphs depend on
the nature of the task. Based on human information processing (HIP) theory, Vessey (1991) introduced the
cognitive ﬁt theory that explains under what circumstances one mode of information presentation
outperforms the other. One underlying principle of this theory is that graphical and tabular representations
present the same type of information but in fundamentally different ways: graphical representations are
spatial information and tabular representations are symbolic information. Tasks can also be divided into
spatial and symbolic tasks. According to cognitive ﬁt theory, graphs are more useful for tasks that require
identifying and understanding relationships and for making comparisons (i.e. spatial tasks), while tables
are better for tasks that require extracting speciﬁc values and combining them into an overall judgement
(i.e. symbolic tasks) (Vessey, 1991; Vessey and Galletta, 1991; Umanath and Vessey, 1994).
According to Dilla and Steinbart (2005), judgement quality is affected by the display format.
Judgement quality is a function of consistency (within an individual's own decisions) and consensus
(among individuals' decisions). The two quality measures are considered important so as to ensure an
objective and fair outcome of the performance evaluation (Malina and Selto, 2001). Dilla and Steinbart
(2005) reported mixed results regarding the absolute beneﬁt of supplementary information (tabular
versus graphic) in the BSC. However, there was unambiguous evidence that tabular information was
superior to the same information displayed in graphical format due to the adverse effect of graphical
information on consensus (Dilla and Steinbart, 2005). Nevertheless, other studies, with the exception of
Hasbun (2009) did ﬁnd evidence for graphical presentations to improve the accuracy of spatial tasks such
as bankruptcy forecasts, earnings forecasts, and sales forecasts (MacKay and Villarreal, 1987; DeSanctis
and Jarvenpaa, 1989; Anderson et al., 1992; Anderson and Mueller, 2005).
Other studies reported that the inﬂuence of presentation formats interacts with the characteristics of
the decision environment and the knowledge of the decision maker. For example, tabular formats were
found to be superior to graphical formats as the complexity of the tasks increased (Blocker et al., 1986;
Davis, 1989a, 1989b; Liberatore et al., 1989; So and Smith, 2004). Also, users with relatively more
uncertain tasks required more disaggregate information (Benbasat and Dexter, 1979). Furthermore,
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decision makers with a low level of accounting knowledge made decisions that led to higher proﬁts when
they used customer proﬁtability reports, which were presented in graphical format compared to tabular
format (Cardinaels, 2008). A surprising result was that the same customer proﬁtability report presented
as graphs (versus tables) had a negative effect on proﬁts for users with high levels of cost knowledge. On
one hand, these ﬁndings emphasize that in order to enable effective decision-making, the data may need
to be presented in different presentation formats, i.e. according to the level of accounting knowledge of
the user. On the other hand, scholars such as Vessey and Galletta (1991) suggest that providing decision
support systems to satisfy individual managers' desires will not have an effect on the performance of
decision-making.
Studies have also explored the impact of more advanced presentation formats on decision performance.
For example, Huang et al. (2006) tested the cognitive ﬁt theory in the context of expertise management
systems by studying the potential of using self-organizing maps (SOM) and multidimensional scaling
(MDS) to support more efﬁcient and effective exploration of the information space. The results showed
that visual representations of data generated by SOM and MDS outperformed tabular representations for
four out of the ﬁve low-level spatial tasks (e.g. compare, cluster, rank, and trace). Other studies focused on
schematic faces (So and Smith, 2003), geographical information systems (Dennis and Carte, 1998),
treemaps (Asahi et al., 1995), and probability maps (Roy and Lerch, 1996), which are recommended for
more complex and multidimensional data. However, there was little evidence that the use of such tools
affected decision performance.
In the light of the mixed evidence regarding the beneﬁts of one presentation format over the other,
Wilson and Zigurs (1999) tested whether individual preference to select among alternative displays had an
effect on performance. The results showed no difference among the subjects that could select the display
format in comparison to the group that was given a random format in terms of task performance. However,
the group that received theory-based format recommendation (based on cognitive ﬁt theory) performed
better than the other two groups.
Cognitive ﬁt theory does provide some useful guidelines with regard to the choice of presentation
formats to be used, i.e. graphs are well suited for spatial tasks that involve forecasting and comparisons as
well as for tasks that require multidimensional data analysis and pattern recognition. On the other hand,
tables seem to suit better more advanced users that are more numerical (e.g. accountants and ﬁnancial
analysts). Graphs might also introduce some degree of subjectivity (hence the lack of consensus) if they
are not well designed and/or labelled. This might explain some of the contradictions or lack of support in
past research for cognitive ﬁt theory. This area offers potential for more research, which is addressed
under Section 5 on Directions for Future Research.

3.3. Cognitive Styles, Personality and Presentation Format
Cognitive ﬁt theory is not limited to matching information presentation and task. Vessey and Galletta
(1991) introduced an extension to the basic concept of cognitive ﬁt, which includes the ﬁt between an
individual's decision-making skills, the information presentation format, and the task. Effective decision
making requires users to develop appropriate mental representations, where the mental processes that
decision makers use provide the link between representation and task. However, users' mental processes
may vary from person to person, depending on his/her cognitive style. This extension could have
implications for the designers of decision support systems as they might need to focus on the personality
traits of decision-makers along with the tasks they perform. Hence, this section explores the interaction
between users personality and decision making performance.
Personality theories have been extensively applied in different research ﬁelds but only scarcely in
accounting. Wheeler (2001) examined Jungian personality theory and Myers-Briggs Type Indicator
(MBTI) to illustrate those aspects of personality that are more relevant to accounting research and
education. MBTI instrument is built on Jungian theory of personality. Jung's theory states that a person's
personality consists of the interaction between the way of perceiving (intuition or sensing) and the way of
judging (thinking or feeling). The Jungian psychology focuses on conscious aspects of personality,
decision making, and the effect of personality on understanding. Intuitive persons are more creative and
insightful during decision-making processes, whereas sensing individuals prefer to gather data from facts
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and observations. Thinking individuals are logical and rational whereas feeling individuals are more
idealistic.
According to Myers–Briggs Type Indicator (MBTI), there are 16 personality types that can be characterized
by occupational and organizational traits, educational traits and learning styles, and decision-making traits
and cognitive styles. In each person, there is an innate inclination towards one of the four traits, but the nonpreferred traits are present too and the individual can be competent using them.
The accounting research that used MBTI covered mainly two topics: (1) personality types of accounting
professionals and (2) correlations between the personality types of accounting professionals and
performance. The results point to differences in the personality types of accountants within the various
specialities of the profession. For example, an extrovert attitude is more likely to be found in national
companies than in local companies. In addition, Chenhall and Morris (1991) and Vaassen et al. (1993)
found signiﬁcant relationships between the MBTI preferences and decision making and cognitive style
in practising accountants. Middle and senior level managers with an intuition preference included
opportunity cost information in resource allocation decisions, whereas managers with a sensing
preference ignored opportunity cost (Chenhall and Morris, 1991). According to Vaassen et al. (1993),
auditors have a signiﬁcantly higher preference for the sensing type of information acquisition. Furthermore, the subjects with thinking preferences accessed more information and took more time to
process the information accessed.
Findings on personality type of accountants are consistent with the sensing and thinking preference.
This personality preference applies to individuals working in management and administration whose
general personal characteristics are practical, sensible, decisive, logical, detached, observant, active, and
rational problem solver (Myers, 1998 as quoted in Wheeler, 2001). There is therefore a relationship
between the personality type and the role of individuals in organizations.
Information systems researchers used MBTI to measure the relationship between personality and
information systems use (Bowen et al., 2003), as well as other measures such as the Witkin Embedded
Figures Test (Witkin et al., 1962) or the Bieri Cognitive Complexity Test (Bieri, 1971). Boon and Tak (1991)
suggested that the customization of interfaces to match personality types may lead to successful use of
information systems. However, Liberatore et al. (1989) and Carpenter et al. (1993) found that personality
type had no relationship to a person's perception of the value of different data presentation formats. Also a
study by So and Smith (2003) reported that cognitive styles in terms of MBTI and ﬁeld independence had
no impact on decision quality with varying presentation formats. As for data aggregation, there is
evidence that some personality types such as low analytics (ﬁeld dependent) might perform better with
disaggregate data than with structured and aggregate information (Bariff and Lusk, 1977; Benbasat and
Dexter, 1979).
Although, early research (Bariff and Lusk, 1977; Boon and Tak, 1991) did provide some potential for
personality research, the personality type literature with respect to information systems design seems to
have lost its momentum. Currently, it does not offer strong evidence for designing reports or dashboards
that match users' personality type. Furthermore, it is not clear whether this area can offer research
potential. We address this issue under Section 5 on Directions for Future Research.
4. Summary and Implications for Practitioners
Having reviewed the relevant literature on visualization, presentation formats and user characteristics
in a decision support system context, we make the following observations and suggestions for designing
dashboards.
Dashboards have come a long way: From merely simple standalone displays of KPI's (using personal
productivity software) that resembled vehicle dashboards, to interactive enterprise wide decision
support systems (built on top of ERPS, BI applications, etc.) that allow drill-downs and scenario analysis.
This may not be the end and more functional features can be expected in the future. For example,
dashboards may be combined with workﬂow management systems (WFMS) that could advise users
among possible courses of actions based on decision tree rules when targets go out of bounds. However,
before adding new features, we suggest to ﬁrst improve on the existing dashboard solutions by better
understanding the features that make them successful. Fig. 1 below presents a summary of the most
important ﬁndings from the literature review, at the same time highlighting the various research paths
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and conceptual relationships that we found in the literature. Note that Paths 2, 3, and 4 have looked at the
interplay of different user characteristics and report features, which affects decision making effectiveness
(Path 5), whereas Path 6 looked directly at visual features and decision making. As for Path 1, we did not
identify any research that tested the extent functional ﬁt between the purpose and the features of a
dashboard is achieved and how it affects decision making (1 + 5). Furthermore, there is no path between
dashboard user dimensions and visual features, ﬁrstly because no research was found in this respect but
also because we consider the given features to be universal for every type of user, task, and personality.
The features of dashboards need to be in line with their purpose(s) as shown in Fig. 1 so that functional
ﬁt is attained. Whereas, drill down and presentation ﬂexibility as functional features could serve all of a
dashboard's purposes (consistency, monitoring, etc.), for example, scenario analysis is only required
when it is intended to be used as a planning tool. Unnecessary features add complexity to the dashboard
and may impair cognition, whereas too few features will compromise its goals. However, a ﬁt might be a
difﬁcult thing to achieve as the exact goal(s) of dashboards might not be always known upfront by the
implementing organizations due to fashion and fad motives. Thus, it might be a good strategy to go with
dashboard solutions that are more ﬂexible and allow for easy upgrades.
With respect to the ﬁt of the functional design features with user characteristics, dashboard designers
might need to bear in mind some of the important ﬁndings from the literature, for example, that users
might sometimes prefer raw data as opposed to structured and aggregate data. A lack of one or several
features can result in a dashboard that is not appropriate for the user. For example, a dashboard without
the drill down feature might force an accountant with high analytical abilities and strong IT skills to work
with aggregate data that is insufﬁcient, forcing him/her to seek for granular data elsewhere. Hence, the
drill down feature emerges as a critical component in a dashboard data, where in its absence, users might
be forced to switch back and forth between various applications, which might disrupt the decision
making process. Fortunately, some dashboard solution providers already incorporate this feature. As a
matter of fact, we suggest dashboards to be fully integrated with the Online Analytical Processing
system or data warehouse of an organization, so as to allow users to have full access to granular data for
dimensional analysis.
According to cognitive ﬁt theory, tasks that require comparisons (spatial tasks) are better supported
with graphs. Since a dashboards' primary purpose is to display and compare KPI's, the use of graphs
(including dials) by default seems to be warranted. However, users should have the option to switch to an
alternative display format, i.e. to tabular format, in case this is preferred. For different user backgrounds
and personality types (e.g. an accountant with high analytical skills), a similar strategy as above could be
implemented.
An alternative approach to designing dashboards could be to let the system choose how data is
presented to the user instead of building in ﬂexibility. As mentioned previously, Wilson and Zigurs (1999)
found an improvement in decision making performance when a guided assignment of the presentation
format (spatial vs. symbolic tasks) was made instead of allowing users to select the preferred format.
Similarly, the study of Helfman and Goldberg (2007) suggested that the selection of appropriate display
formats for users to be based on certain rules, i.e. whether the data are categorical or quantitative, whether
the tasks are about comparison or identiﬁcation of trends or totals, and whether the end users are experts
or casual users of graphs. Additional rules could be incorporated taking into account the personality type of
users and/or roles. This can be achieved by asking the users directly, i.e. through some sort of popups/warnings and/or through software agents that act on behalf of the user based on past settings and
actions. However, it should be noted that not all users may prefer decisional guidance, especially when this
limits the user's options (Wilson and Zigurs, 1999).
Also, we suggest incorporating all of the visual features in Fig. 1 so as to maximise visual perception.
Thus, the use of colours and the design of graphs should be done according to the principles of
visualization, where the goal should be to improve and not complicate, hinder, or bias perception. So,
dashboard designers might need to reconsider their choices for ﬂashy graphs and instead go for simple
solutions that correctly guide users.
In line with the initial idea, dashboards should continue to be concise, simple, and intuitive to use. This
will allow decision makers to focus on the most relevant and urgent part of the data. Hence, we agree with
Few (2006) and recommend that dashboards ﬁt on a single page/screen. However, if in line with the
purpose, a desirable feature might be to allow users to “zoom out” from their individual dashboards to get a
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bird's eye view on the corporate dashboard (e.g. in the form of a strategy map). This way, users can see
their (department's) relation and contribution to the strategy and value of the company.
In the current economic climate, Business Intelligence (BI) software may help companies to stay
competitive by giving a complete overview of critical information at all times. In essence, BI software
provides managers with logical connections between cause and effects within a company's ﬁgures so that
the issues can be proactively tackled. If dashboards are the technology that makes explicit the connections
between causes and effects in company's ﬁgures, we can assume that the management becomes more
aware of what the drivers of proﬁt growth are. Hence dashboards can improve decision making and
ultimately company performance, although additional empirical evidence beyond Schulte (2006) and
Miller and Ciofﬁ (2004) are needed to back up this claim.
However, there may be also some downsides to dashboards as they could introduce dysfunctional effects. For
example, Hunton et al. (2010) reports on the status quo effect (Tetlock and Boettger, 1994) when managers are
monitored continuously by their supervisors. The same effect could be observed with dashboards since they can
be used as a tool for facilitating continuous monitoring. To remedy the dysfunctional effect due to increased
accountability, companies are suggested to consider training (Tetlock and Boettger, 1994) and switching from
outcome to procedural (Seigel-Jacobs and Yates, 1996) based evaluation. As we mentioned before, the
integration of the dashboard with a WFMS might be well suited for such a task.
5. Directions for Future Research
Surprisingly, there is very little research on many aspects of dashboards and it is not known to what
extent they live up to their “promises”. Hence research is needed to advance our knowledge on how they
are built in practice (functional and visual features), whether they are effectively utilized, and what impact
they have on decision making and performance management. We present below several research streams
that future researchers can follow, which we believe could provide the needed body of knowledge in this
under researched ﬁeld. Each of the identiﬁed research streams can potentially improve dashboard
productivity. As a general proposition, some explorative case studies and surveys that report on dashboard
experiences and adoption rates could prove to be useful in order to build a foundation for more theory
driven research in the future.
5.1. Dashboard Functional Fit
An area to focus on could be the purposes (e.g. to monitor, communicate or both?) for which organizations use dashboards and how different purposes affect decision making and performance management (Path 1 + 5). This has not been researched before and hence a model could be tested with empirical
data, exploring possible relationships between dashboard utilization and outcome measures such as user
productivity or performance management improvements. Knowledge gained from such an investigation could be used to encourage their usage in the most productive way, leading to higher return on
investments. The measurement instrument developed by Doll and Torkzadeh (1998) that captures
information systems usage and purposes, which was subsequently used by Wieresma (2009) in the BSC
context, could provide researchers with some of the needed constructs for such a study. Also, a multi item
scale could be used to measure user productivity gains or performance management improvements such
as decision making accuracy, consistency, conﬁdence and speed, although, some of the beneﬁts are likely
to depend on the features and diffusion of the dashboard. For example, little beneﬁt will materialize
regarding consensus among employees if the dashboard is only available to a few.
Pauwels et al. (2009) refer to ﬁve development stages in dashboards implementations, where in the
most advanced stage the measures are linked to strategy and users can make forecasts. Thus, depending on
the features of the dashboards, we expect the beneﬁts to vary. Research could identify and rank the
features that most strongly correlate with decision making effectiveness.
5.2. Cognitive Fit with User Tasks and Knowledge
A further area for research could be in relation to how much the dashboards used in companies
facilitate cognitive ﬁt with respect to user tasks and knowledge (Paths 2 + 5 and 3 + 5). A low ﬁt would
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have a negative impact on decision making and the beneﬁts obtained from the dashboard. Case studies
could provide insight into dashboard development projects and the extent to which the needs of its users
are incorporated. Also, how much customization do dashboards allow and what support do end users get?
Since empirical evidence on cognitive ﬁt theory is fairly limited and inconsistent, we see the value in
both, exploratory and conﬁrmatory research in this area. Studies are needed to test the link between
different types of tasks, presentation format, and decision making performance (rather than user
preferences). Moderators and other previously untested variables such as experience might also need to
be taken into account. For example, we only found one study that looked into users' knowledge, i.e.
knowledge of cost accounting (Cardinaels, 2008). Further studies might shed light on how different types
of knowledge and skills (e.g. IT) affect decision making performance. This would allow for a better
mapping of the types of tasks to be performed to the presentation format to be used.
5.3. Cognitive Fit with User Personality
The literature review shows that research regarding the link between personality types and
information system design requirements made little progress in the past (Path 4 + 5). Although, building
in ﬂexibility into dashboards can provide a temporary solution, more research could give better theory
driven guidelines to designers of dashboards and decision support systems. This could then enable
automatic customization of user interfaces and presentation formats at run time. Despite the potential
value, we also acknowledge the difﬁculties in undertaking such an endeavour. For example, a very large
data set may be required given the 16 MBTI dimensions, although some of the dimension (e.g. introvert
and extrovert) might not be that relevant. Researchers have also used other constructs for measuring
cognitive styles, e.g. the Witkin Embedded Figures Test (Witkin et al., 1962) or the Bieri Cognitive
Complexity Test (Bieri, 1971) derivatives that may offer fewer dimensions. Bariff and Lusk (1977) provide
an example for the use of the above-mentioned measures in this context, although the measures were only
correlated to user preferences and not decision making effectiveness.
Aside from theories like the diffusion of innovation (Rogers, 1983) and the Technology Acceptance
Model (Davis, 1989a, 1989b) and derivatives, personality traits may also be used to explore how ‘open
minded’ users are with respect to using a new technology such as the dashboard. For example scales like
the Defense Mechanism Inventory (Gleser and Ihilevich, 1969) and Manifest Anxiety (Taylor, 1953) can be
used to identify how factors such as resistance to technology and stress levels affect decision making. These
ﬁndings could then be used to identify users that need additional training and counselling.
5.4. Research on New Dashboard Design Features
As dashboards like any other technology are evolving, we can expect additional features and variations
in the future (Paths 5 and 6). We mentioned, for example, the zoom in and zoom out function (linking
measures with the overall strategy) or the possibility to integrate dashboards with WFMS so that when a
problem is identiﬁed, it can guide the user step by step with the decision at hand. This enhanced dashboard
(decision management and support system) would make suggestions and keep track of the decisions/
actions taken (through i.e. ﬁlling in mandatory ﬁelds), which could provide an audit trail for ex-post
scrutiny. Furthermore, collaborative dashboards could allow online information sharing with colleagues
and supervisors on difﬁcult and non routine-decisions, optimizing decision outcomes and concurrently
forming a repository for organizational knowledge. This would facilitate knowledge reuse, which has been
found to enhance competitiveness in organizations (Argote et al., 2003). Prototypes and proof of concepts
are needed to see how these new features can add value to the users and whether these concepts are
feasible. Researchers should evaluate the new artifacts according to Hevner et al.'s (2004) criteria. As
mentioned before, empirical research based on case studies and surveys on actual dashboard
implementations could be fruitful as they might reveal design ﬂaws that are hindering their success.
5.5. Organizational Factors
Dashboards as many other technological innovations may be subject to organizational barriers, which
might hinder their adoption and success. As a starting point, the technology–organization–environment
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framework could be useful as a lens (Tornatzky and Fleischer, 1990). For example, the lack of top
management support might be one of the barriers, which is also needed to align business with IT (Reich
and Benbasat, 1996). Dashboards may also be viewed as a competing tool rather than as an enhancement
on the existing management control tools in an organization (e.g. legacy system reports, BSC). This would
hinder their approval from management, which would translate into a missed opportunity. For example,
the management control tightness (Merchant and Van der Stede, 2007) of a company might affect
dashboard use, i.e. it has been suggested that the use of action, personnel, and cultural controls might
substitute (Eisenhardt, 1985; Banker et al., 1996) or complement (Jensen and Meckling, 1992) the use of
results driven management control tools such as the dashboard. For example, Wieresma (2009) found
that increased action controls led to an increased usage of BSC for decision making and rationalizing. An
explanation given by Wieresma (2009) is that action controls make managers more accountable, which
might require employees to more often explain to their superiors why they took a certain decision. There
could be similar factors at play and therefore more research is needed to understand how the dashboards
as a new technology ﬁt within the broader management control system of an organization, which has also
been suggested by Granlund (2010).
Similarly, one could explore whether the introduction of a dashboard as a complimentary management
control tool affects performance appraisal in organizations. A dashboard might for example facilitate more
transparency and clarity regarding the way employees are compensated. To some extent, more
transparency could drive out biased performance evaluations that are found under traditional performance
management systems (Longenecker et al., 1987). Justice literature points out that employees care a great
deal about the fairness of the human resources system (e.g.Taylor et al., 1995). Consequently, a more fair
and transparent performance evaluation and compensation system through the dashboard could lead to
more satisﬁed and accepting employees, even when the outcomes of the evaluations are less than desirable
(Taylor et al., 1998).
Finally, an important question to answer is whether the beneﬁts of dashboards are contingent on some
organizational factors such as the management control style. If beneﬁts are contingent on certain factors,
then dashboards may not be suitable to all types of organizations. For example, management control in
some organizations might be enforced through strong cultural controls instead of result controls. This issue
is further discussed under organizational barriers.
Furthermore, should dashboards be used by everyone (e.g. operational staff) in an organization or
would the (top) management beneﬁt more? Although, with the right customization (e.g. appropriate KPI's
for different individuals and functions) they are likely to beneﬁt many, limitations on ﬁnancial resources
and IT support might hinder their full penetration in the short run. The adoption rate of dashboards is also
relevant and important, as it could be subject to the network effect, i.e. consensus on problem diagnosis
and consistency of measures could help build a culture of teamwork and shared values.
5.6. Technical Challenges
In this paper, we looked at dashboards from a design perspective. Another aspect to focus on could be
the technical challenges and difﬁculties involved in integrating dashboards with legacy systems and
applications that feed data into them. There might be for example a problem with data quality, which was
also conﬁrmed through our preliminary interviews with dashboard consultants in Finland. Thus, although
users might have access to dashboards, lack of trust in the data might be limiting their use. Also, if
performance is an issue, an optimum data refresh rate would need to be established, which would depend
on the needs and roles of the users. For example, a call-centre operator might require updates every hour
(e.g. unanswered calls per hour), whereas the sales vice president may need only weekly or monthly data.
Research is needed that focuses on the above mentioned challenges, suggesting efﬁcient ways to tackle
them.
5.7. Other Directions
The performance measures that the dashboards capture and display are just as important as their
design features, as the dashboard is only useful insofar as the data it provides is valuable (accurate,
complete, relevant and timely). The topic of measurement selection was not part of this paper. However,
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measurement selection and the dashboard development process are important areas to focus on since a
dashboard's success could very well depend on them. Hence, research on dashboard implementation
projects (e.g. critical success factors) could be valuable, which was also the subject in Pauwels et al. (2009),
albeit conceptually. Also, research could look into more innovative performance measures (e.g.
comparative measures) that take advantage of new web technologies (e.g. Web 2.0) and data formats
(e.g. Extensible Business Reporting Language). Also, organizations are increasingly using data mining
techniques and predictive analytics to discover previously unknown relationships and patterns (e.g. in
consumer behaviour), which poses a challenge in terms of presenting the information in the best possible
way but also opportunities for new types of performance measures.
Finally, as we mentioned before, dashboards might lead to dysfunctional effects due to increased
accountability or distress from being constantly monitored. Research is needed to investigate if this could
be the case and what organizations can do to balance the beneﬁts with its potential drawbacks.
6. Conclusions
Technology is pervasive in the accounting profession and the use of information systems has become a
must for the achievement of accounting tasks. In the competencies framework of The American Institute of
Certiﬁed Public Accountants (AICPA), one of the functional competencies for entry into accounting
profession is the necessary skill to use technology tools effectively and efﬁciently. However, it is the
responsibility of organizations to adopt decision support tools such as dashboards that ﬁt well with the
various tasks of different users, which support rather than complicate the work of employees. Too many IT
projects have failed in the past or yielded little beneﬁt. Hence, unlike before, many companies do not have
the time and money to experiment with technology and learn by trial and error, which makes the subject of
effective dashboard design highly relevant.
Individuals have limited working memory store which may often lead to some of the valuable information
to be disregarded during decision making. Dashboards may reduce this effect by optimizing information load
and enabling users to focus on the more important and relevant part of the information. Thus, a major
challenge is to design dashboards that maximise cognition by capitalizing on human perceptual capabilities. In
this paper, we set out to explore how dashboards should be designed (RQ1) and whether the design might
need to be contingent on the types of tasks performed and the decision makers' characteristics (RQ2 and RQ3).
To our knowledge, this is the ﬁrst study that speciﬁcally addressed dashboard design.
Based on a multidisciplinary literature review, some features emerged as “universal features” that need
to be in place in any case, i.e. the visual design features. On the other hand, we found the functional design
features of the dashboard to be dependent on the (i) purpose of the dashboard, (ii) tasks, (iii) knowledge,
and (iv) personality of the user. Because of this, it is important for the dashboard to incorporate
interactivity and ﬂexibility, i.e. to be able to display data in various formats and at different levels of
aggregation. This way they can offer an elegant solution to the information presentation format problem,
making them useful for both spatial and symbolic tasks, as well as to users with different knowledge (e.g.
accounting) and personality (e.g. highly analytic). This is also in line with Huber (1983).
The study makes two contributions. Firstly, the literature review and the identiﬁed dashboard features
might offer value to practitioners, who are considering implementing dashboards or to those who want to
improve on their existing solutions. Secondly, it contributes to the accounting information systems
literature by identifying a number of research paths that could give momentum to this under-researched
but critical area.
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