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Abstract

The objective of this paper is to investigate existing
factors related to the decision to adopt and use of
dashboards in the healthcare domain using a
systematic literature review approach. The study is
part of a larger initiative on how analytics dashboards
can support decisions in value-based prostate cancer
treatment and care. Although many studies have been
undertaken to evaluate the implementation of health
information technologies in the healthcare sector, as
far as we know, none of these studies provides a
framework for dashboards use in the healthcare
context. We believe that the resulting model from our
study provides the necessary first step in developing
empirical evidence for the acceptance and use of the
dashboards in the healthcare domain.

1. Introduction

In today’s world, Information Technology (IT) is
adopted and used in various aspects of healthcare
(HC). The application of IT in the HC offers numbers
of advantages such as improvement in patients’
outcomes and safety, increase in revenue, decrease in
errors and costs, and rise in the efficiency [1].

In the healthcare domain, many organisations are
adopting and using decision aid tools. Studies show
decision aids enable healthcare professionals to easily
analyse and identify patterns in data and support them
in better detection of anomalies as well as
interpretation. If decision aid tools are used by
patients, they can improve patients knowledge and
involvement in decisions about their care, reduce
conflict in decisions and should guide them toward
more informed choices [2]-[4]. Moreover, advances in
cognitive science and technology have led to
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increasing interest in the use of interactive visual
information displays to support decision making in
healthcare [2], [3], [5]. The interactive decision
dashboards are one of the results of such advances [3].
Dashboards are used in various fields, including
healthcare [2]. Dashboards in healthcare have been
used to monitor the trend of the data and to improve
the healthcare services and quality of care; to enhance
the efficiency of care; to improve the adherence to
various guidelines in HC organisations; to track and
access to data in real-time and to improve the
healthcare transparency. Dashboards, as data-driven
decision support tools, can provide information in a
particular format to decision-makers and can improve
decision making (DM) by elaborating cognition and
capitalising on human perceptual capabilities.
Interactive dashboards enable their users to expose the
most insightful information at a glance as well as
providing users with a means to self-regulate
information exposure and avoid information overload
facing a large amount of data. Decision dashboards
can quickly communicate information about decision
alternatives by presenting factors which might matter
to make decisions for its end users [2], [6].

However, despite the advantages associated with
the use of dashboards in healthcare and the growing
interest in their adoption, extant literature only
provides anecdotal evidence on their use. They do not
provide clarity on factors affecting their successful
adoption and use for decision making. This study
addresses this knowledge gap by investigating existing
factors related to the decision to adopt and use
dashboards in the healthcare. The result of the study is
a theoretical model for evaluating dashboards’
adoption, acceptance and use in the healthcare domain.
We believe the recommended model can enhance
evaluation studies in the area of health informatics and
can improve finding related to technology acceptance
in healthcare.
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The remainder of the paper is organised as follow;
section 2 literature review, section 3 methodology.
Section 4 analysis, and section 5 examines the results.
The discussion is presented in section 6, and finally,
section 7 presents the conclusion.

2. Literature review

2.1. Overview of health informatics

Health informatics is a scientific field with the
primary goal of improving clinical care within the use
of information technology. The main focus of this field
is to understand the potential application of computers
in healthcare domain and to develop knowledge of the
individual, group and organisational impacts on
Information Technology (IT) development, adoption
and use [7]. During the last few decades, various
definitions have been established for health
informatics. For example, Wyatt et al. [8], have noted
that “medical informatics is the study and application
of methods to improve the management of patient
data, clinical knowledge, population data and other
information relevant to patient care and community
health”. In another study, Haux [9] defined health
informatics as a cross-discipline area where research
is fundamentally drawn from information sciences,
computer sciences, and medicine with the main focus
on the design, development and test of health IT.

Analyses show the focus of a lot of prior research
in the area of health informatics has been on evaluating
the use of IT. The evaluation studies are one of the
main parts of the technology development and
implementation in health informatics which can
potentially enhance the understanding of the role of IT
and can support the development and delivery of
technology with both clinical and economic
advantages [10]. Among various kinds of evaluation
studies in the area of health informatics, the evaluation
of technology adoption, acceptance and use in
healthcare is one of the main focuses of research
within the domain of evaluation study. More
specifically, within the health informatics field, the
focus of a large number of studies and this research
paper are on evaluating healthcare technology
implementation, use and acceptance, which
subsequently confirm the importance of evaluation in
any system development and implementation.

The next section reviews the existing models
which have been adopted to evaluate the adoption,
acceptance and use of technology.

2.2. Salient theories in technology adoption

Theoretical models of IT adoption and use have
widely been used in various contexts, such as,
commerce, education, internet/mobile-banking,
agriculture, insurance, e-government, and healthcare
[11], However, there are only few studies which
adopted such models to examine the dashboard
adoption, acceptance and use in the healthcare (and
even in other industries and sectors). Several models
have been introduced on IT adoption, acceptance, and
use (Figure 1). Each of these models attempts to define
why individuals or organisations reject or adopt and
accept a technology to use and explains stages for the
adoption, acceptance, and actual use [12]-[15].

In 2003, Venkatesh et al. [16] compared and
synthesized previous models into the unified theory of
acceptance and use of technology (UTAUT), to
achieve a greater understanding of technology
acceptance and use [11]. In the UTAUT model,
Performance expectancy, e.g., perceived usefulness,
job fit, outcome expectation, extrinsic motivation, relative
advantages; effort expectancy, e.g., perceived ease of
use, complexity, ease of use; and social influence, e.g.,
internalization, identification,  compliance, =~ were
determined as key factors for behavioural intention to
use [16]. Furthermore, facilitating conditions, c.g.,
training, technical compatibility, provision of support in
workplace, financial support; and behavioural intention
were identified as key factors for use. Besides, age,
gender, voluntariness, and experience were
identified as moderating factors. According to [17],
different combinations of these four factors were
theorized and found to moderate various UTAUT
relationships [16]. In 2012, Venkatesh et al. [18]
introduced UTAUT2, in this new model, they adapted
UTAUT to match new constructs in the context of
consumer acceptance and use of technology [19].

In 2013, Wisdom et al. [14] provided a
comprehensive multi-level framework to technology
adoption, acceptance, and use. Wisdom et al
employed a narrative synthesis approach to summarize
theories and constructs associated with innovation
adoption in different domains. In their study, the
authors analysed 20 key adoptions theoretical
frameworks and summarized the key adoption
constructs cross four levels of contexts (external,
organizational, individual and innovation level). More
recently, Venkatesh et al. [11] at 2016, have expanded
previous models on technology acceptance and use to
a multi-level technology acceptance and use. This
model consists of three levels. A middle level
containing the baseline model (BM) of UTAUT and
two other levels, lower and higher part of the model,
which highlights the importance of the individual-
level and higher-level contextual factors that influence
the intention and use of the technology [11].
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Furthermore, the New outcome mechanisms in this
model refer to the new effect of behavioural intention

and technology use [20].

Theories

Theory of reasoned action
By Ajzen and Fishbein (1975)

Organizational innovation model
By Picrce and Delbecq (1977)

Theory of planned behaviour
By Ajzen (1985)

The technology acceptance model
By Davis (1989)
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Gopalakrishnan and Damanpour (1997) Initiation
The IT innovation adoption research Awareness Perception <l|:> Adoption decision
model i 4 § 4
By Agarwal and Prasad (1998) Channel type L Personal innovation

Primary authority adoption

Secondary adoption and «Fﬂrgmizniml acceptance and

Figure 1. IT adoption, acceptance, and use

3. Methodology

3.1. Research aim

As mentioned earlier, notwithstanding dashboards’
advantages in healthcare and increasing interest in
their adoption and usage, the literature is replete with
anecdotal evidence on their use, and it is not clear what
are the decision-making factors affecting their
successful adoption and use. So, guided by these gaps,
this study aims to investigate existing factors affecting
the decision to adopt, acceptance and use of
dashboards in healthcare and to propose an evaluation
model for dashboard adoption, acceptance and use in
healthcare context. To meet this purpose, we aim to
answer the following question.

1. What are the factors affecting the decision to
adopt and use dashboards in healthcare?

3.2. Search strategy

The selection of databases was based on the
following criteria: Accessibility to authors; Ranked as
high-quality in bibliographic databases;
Recommended by journal/conference review board
and used in previous systematic literature reviews

So, considering these criteria, for this systematic
literature review, we searched the following electronic
databases “Scopus”, “Web of Science”, “CINHAL”,
“ACM”, and “IEEE Digital Library” for the dates
2005 to June 2018. After choosing the right digital

libraries, the next step was to caret a search string
considering the research question and aim.

O The main keywords used for searching
studies included: "dashboard",
"visualisation", "adopt", "accept", "health",
and "healthcare".

O The automatic search was developed using
terms  referring to  the  technology
(dashboard* or visualisation*), combining
them with (adopt* or accept*) and domain
terms (health* or healthcare*). These terms
were used to search studies’ Topic, Abstract
and Keywords.

O The asterisk “*” symbol that broadens a
search by finding words that start with the
same letters was also used in automatic
searching.

O We also used the Booleans “AND”, and
“OR” to retrieve the related articles.
Moreover, a hand search of the reference’
lists of identified papers from the automatic
search was also conducted to find other
related studies.

Due to limitation in time and resources available,
the search was restricted to English studies. Finally, all
search results were collated into the Mendeley library,
where duplicate references were identified and
removed.

3.3. Studies inclusion criteria

Studies were included in the review if they were:
1) Describing the adoption and implementation stage
of the dashboard in the healthcare organisation; 2)
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Containing/explaining at least one element or attribute
affecting the decision to adopt and use of dashboards;
3) Reporting the outcomes or evaluation of the use and
the impact of dashboards; 4) Studies where dashboard
could be viewed on a computer screen or via mobile
phone, or interactive whiteboard; 5) Evaluation studies
in the area of health informatics which adopted
theories related to technology adoption acceptance and
use. Studies were excluded if: 1) Reporting paper-
based systems; 2) Do not present dashboard as the
main intervention; 3) Are Thesis, Book, Grey papers,
Notes, reviews§; 4) Full texts are not available.

3.4. Studies selection

At the first stage, after importing the studies to
Mendeley, out of the total 1260 studies, 75 studies
were removed as they were duplicated. At the second
stage, from the remaining 1185 studies, considering
the inclusion and exclusion criteria, 260 full papers
were chosen. Thirdly, inclusion and exclusion criteria
were applied to the remaining 260 studies, which
resulted in 35 studies. For validation, at the fourth
stage, 10 studies were randomly selected (out of 260
studies) and reviewed by another reviewer. Any
disagreements were resolved through discussion to
arrive at unanimous decisions. At the fifth stage, 5
studies identified through manual searching. Finally,
40 papers were included in this review studies (Figure
2).

4. Data analysis and synthesis

The first reviewer coded the data from the included
studies using a matrix created on an excel spreadsheet,
beyond collecting basic article information (e.g., year,
author, title, country), studies were coded based on the
following aspects: 1) goals of adopting dashboards; 2)
users of dashboards; 3) decision-making factors
affected dashboard adoption and use; 4) outcomes of
dashboards use; 5) applied tools’ (dashboards)
features or characteristics; 6) the theoretical model and
approaches in dashboard design and development.

The second reviewer reviewed the extracted data.
Any disagreements in coding were resolved through
discussion.

In this review, narrative synthesis which has been
employed in numerous systematic reviews has been
used to summarise evidence from the literature.
Generally, narrative synthesis consists of three main
steps: 1) Data reduction (sub-group classification
considering the evidence and the review questions); 2)
Data comparison (an iterative process of making
comparisons and exploring relationships); 3)

Conclusion and verification (checking main data
sources for accuracy and confirmability).

ACM Transactions IEEE
(1) Explore (82)
Scopus  (875)

Web of science ~(127)

g
i

1

Number of papers
(1260)

Duplicated paper
removed (75)

Number of unique
papers (1185)

il

Paper removed after
scanning and checking
abstract (925)
Number of paper
included after abstarct
check (260)

Number of paper
M'::‘;:'I‘s:':'::':i:”'"( N included after full-text
s check (35)

40 papers included in
the review

Irelevant papers
removed after ful test
analysis (224)

Ih

Figure 2. Flow diagram of included and excluded studies

5. Results
5.1. Identified factors

Dashboards can assist the human visual system to
more efficiently process information with less
cognitive effort [2], [3]. Good designed and developed
dashboards can provide their users with information
which is easier to read, perceive and recognise. They
also can reduce the memory load by providing support
for human short-and-long-term memory. Dashboards
are useful for making sense of data and providing
information in a nonlinear form to facilitate inferences
and decision-making in the healthcare domain [6]. As
suggested by Rind et al., visualisation tools and
techniques ‘combine the processing power of modern
computers with human cognition and visual abilities to
better support tasks [2].

Generally speaking, the use of dashboard in the
healthcare organisation can improve collaboration and
communication, reduce the time for decision making,
facilitate documentation and increase the performance
and efficiency of care. Moreover, if used by patients,
they can facilitate patient-centred care by improving
value, increase patients’ safety and satisfaction and
can support them in decision making and better
communication with health professionals [6]. Our
analysis show, although many case studies provided
rich data on dashboard development, implementation
and outcomes in healthcare, it is not clear what are the
underlying factors affecting their successful adoption,

Page 3687



use and outcomes. Also, many studies have evaluated
the technology adoption in healthcare, but, limited
studies have been undertaken to
evaluate dashboards adoption and acceptance in the
healthcare sector [3], [21]

So, despite dashboards’ advantages and growing
interest in adopting them, it is not clear what are the
decision-making factors affecting their successful
adoption and use. It is not clear what is the proper way
to design and develop them. Moreover, there seem to
be a certain amount of uncertainties about their
effective integration with other systems, settings and
practices in healthcare. Therefore, considering the
gaps in the literature and this review’s objective, we
have analysed the studies. Based on the results from
analysis, ten factors were identified from the selected
studies (Table 1). We believe these factors play vital
roles in the decision to adopt and use dashboards in
healthcare organisations. A summary description of
each factor can be found in the following:

[43], [45], [47],

[49], [53], [55], [56]

Users emotion [3],

[22]-[24], [29], [38]

Technology
[2]{4], [21]{25],
[271-[32], [34]-
[40], [42]-[50],
[521-[57]

Sociotechnical fit
[2], [3], [23], [24],
[29]-[31], [34]-
[38], [41], [44],
[45], [49], [53],
[54], [56], [57]

Cognitive fit
[2], [3], [40], [49],
52], [56

5

| Outcome expectancy
[ Job fit

Positive/negative emotional reaction

Relative advantages

Technology advancement

The success of using dashboard in other industries

Reduction in time using dashboards

Feedback on performance

Reminder/Alert system

Cost reduction

Real-time access to data

Information quality

Representation

Interaction

Support

Perceived technology fit with users' tasks, needs,
workflow, standards/protocols and norms

Perceived technology fit with users' cognition (e.g.,
memory, attention, perception, decision making),
Reduction in cognitive load

Higher level factors

Sub-factors

External
environment [3],
[22]-38]

Organisational
[2], [4), [22]{24],
[271-[54]

Health professional
manager support
[22], [34]-(37], [44]

Trust
[22]

User

[31, [21]

Users beliefs
[3], [4], [21]-[31],
[38]-[40], [42],

Government regulation in healthcare (e.g., patient-
centred care)

The movement toward more transparent reporting

Regulation around the adoption and use of technology
in healthcare

Policies and regulations related to the integration of
patient-generated health data into the health
information technologies

Compatibility of information technology infrastructure

Healthcare professionals' needs

Health professional champion for new technology

Difficulties with traditional systems

Resource commitment

Internal needs of the hospital

Involvement of the end-user's in the design and
development process

Hospitals' norms, value, and regulations

Hospital volume

Hospital culture

Change management support

Allocating funds for training programs

Providing training and motivational programs

Giving time to users to get use to the new system/ and
move from traditional system to the new one

Managers support

Technical supports

Health professionals’ positive attitude toward change

Information reliability

Secure data sharing

Authorised access

Secure and safe storing of data

Age, Education level

Graph literacy

Health literacy

Numeracy

Visual literacy

Previous knowledge and experience

Users' enthusiastic and confident

Ease of use

Perceived usefulness

Perceived added value

Perceived helpfulness

Table 1. Identified effective factors in decision to adopt and
use dashboard

1) External environment. This factor is related to the
location where technology adoption, implementation
and use is happening. Factors in this category may
force an organisation to adopt and implement new
technology. Some factors and mechanisms which
might lead to the adoption and implementation of new
technology can be the regulation around technology
adoption in healthcare and change in national and
international policies.

2) Organisational. This factor is related to the
characteristics of the organisation where the decision
to adopt new technology, and its implementation and
use occurs. Internal features of an organisation such as
its capacity have vital roles in decision making about
adoption. Some effective factors or mechanism in this
category can be related to the organisational culture,
change in norms and value, the managers'
characteristic or new strategic planning.

3) Health professional managers support. These are
the factors that help individuals and make it easier for
them to use a new system to perform their task and to
achieve their goal. This is related to the support which
is provided by hospital staff and managers to end-
users. Supports such as allocating funds for training
programs and providing training and motivation
programs can be classified in this category.

4) Trust. Trust can be defined as a degree to which a
user believes that the provided information through the
system is reliable, the data sharing through the system
is secure, the  information is only accessed
by authorised people and data and information
is stored in a secure and safe place.
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5) User. This factor is related to users’ characteristics
and capabilities. Such factors influence user
perception and beliefs about using technology. For
example, an older user with low numeracy and low
health literacy might have different beliefs/perception
about using a dashboard in comparison to a well-
educated and younger person.

6) Users beliefs. This is related to users’ perception
and expectancies when using a new system. Some
example related to users' beliefs can be user'
perception about system usefulness, or perceived ease
of use which all can be classified into two main
construct, performance expectancy and effort
expectancy.

7) Users emotion. This factor is related to user’s
emotional reaction when using a new system such as
decision dashboard. More specifically, we found out;
when a dashboard is presented to patients during their
care process, it might trigger patients' emotional
reaction which in turns might affect their intention and
attitude toward using the system.

8) Cognitive fit. This factor is related to the cognitive
fit of a developed system with users’ capabilities and
expectancies. We found out that in most analysed
studies, one of the critical reasons that affected the
successful adoption and use of a system was the
reduction of the cognitive load while using the
dashboard. Higher alignment between users’ cognitive
capabilities and the designed system reduce the
cognitive load. More specifically, if a system or
technology matches its users’ cognitions, and natural
way of thinking and acting, it is expected to
reduce cognitive load. Cognitive load explains the
mental effort that ‘performing a task imposes on the
cognitive system of a learner’.

Based on cognitive load theory, there are three
types of cognitive load, intrinsic load, extraneous load
and the germane load. Firstly, the Intrinsic cognitive
load depends on the complexity of the task that users
should perform. Secondly, the Extraneous cognitive
load is related to the design of the presented data and
system design. Finally, the German load is related to
the mental burden of converting learned information
into schemes in the working memory.

So, a simple system can reduce the cognitive load
of completing a task. If users perceive a reduction in
cognitive load, it can positively affect their
performance and effort expectancy, which in turn
increases the likelihood of accepting and using a
particular system.

9) Sociotechnical fit. In addition to the importance of
cognitive fit in developing systems which can improve
performance and effort expectancy, we found out that
the sociotechnical fit is another critical factor which
has a vital role in technology adoption and acceptance.

This factor is related to the fit between the
organisations’ norms, structure, and users’ needs,
tasks and technology which called sociotechnical fit.
The implementation and wuse of a new
technology/system can change organisational
structures (e.g., power structure), relationslhips (e.g.,
the relationship between patients and health
professionals), communications, and can change the
way care is delivered to patients.

So, if the aim is to develop and implement a

decision support tool (dashboard) in the healthcare
which is usable and acceptable, it should be fitted with
users’ task, needs, communication and organisations’
norms, regulations and value. Finally, if a user
perceives that a system is fitted with their needs, tasks
and workflow, it enhances their performance and
effort expectancy which in turn can lead to a higher
level of acceptance, use.
10) Technology. Technology is related to the quality
and characteristic of the dashboard. Some factors
related to the technology, which might lead to the
adoption and wuse decision are technology
advancement, real-time access to data, relative
advantages of using dashboards or the quality of
information. As mentioned earlier, through the coding
process, we tried to extract the characteristics, features
and functionalities of dashboards that appeared to be
effective in users’ decision to adopt and to use them.
Considering the literature, the common characteristic
of dashboards or any other graphical visual interface
is that 1) they have a visual interface that mediates the
relationship between users and data, 2) the data on
them has been presented in
different formats and structures, 3) users
can interactively ~ manipulate the78 data on
dashboards to obtain answers for their questions or to
perform tasks, 4) and they can get help from the
support teams and the support features on system to
finish their task. According to this definition, we
identified four main components that comprise the
interface, including Information Content,
Representation (Format and structure), User
Interaction, and Support. The quality and features of
these components play essential roles in the successful
acceptance and use of the dashboard by users.

In the following, first, we have provided
definitions for each component. Secondly, considering
the Nielsen’s ten major heuristics that a good design
interface should follow and our judgment, we have
proposed 14 heuristics which can be seen in Table 2
(factors in bold proposed by authors).
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user’s action on an interface should match
users experience, mental models.

=
2l e
2 8l2] e
.. slesl2l g
Factors Definition g\ 2| g )
O|E|E| 4
Q
4
Colour and font on an interface should be
Visibility visible to users.
If a user selects an element on an interface,
they should receive a visible response from it.
The design of a system, the content, and the
layout and
Match i

It is about how to prevent an error that might
mistakenly happen (such as deleting,
removing). Such errors can be prevented by
showing a message or alert to users. Moreover,
a system should provide users with instructions
on how to fix an error.

Human error

Colour, format, words and action on an

Consistenc, . N R
y interface should be consistent.

Type of graph, choice of colours and wording
should be reasonable and based on the domain
needs.

Acceptability

The chunk of the data on an interface should be
based on human memory capabilities and with
most focus on recognition rather than recall.
For example, providing a short name for menu
items when the user hovers on them can reduce
the human memory load.

Memory

The sequence of event and action should be

clear. Users should know where the starting

point and endpoint is. For a clear and precise

sequence, the system can provide users with
some cues, dialogue boxes, etc.

Sequence

Graph, table, and interaction should be simple

Simplicit . ) .
mplicity without any distracting elements.

A system should provide users with a help
section, such as training on how to work with
Help the system, enabling users to search
definition/guidance about unfamiliar elements

and actions on an interface

If possible, users should be able to add or
remove function, change the view of data,
colours and font size.

Flexibility

The system design, the sequence of the
information and graphs should be based on the
routines. For example, in the case of using a
Narrative sequence | dashboard for patients visit, the design and the
sequence of information should be based on
the real-world conversation between the doctor
and patients

Wording, graphs and language should be

Understandability simple and understandable.

The displayed data on the dashboard should be

Relevance relevant to the users.
The displayed data on the dashboard should be
Importance based on users’ needs and should be important

to them.

Table 2. 14 Heuristics for dashboard design

Information content: Information component of an
interface is related to the types of data which going to
be encoded and displayed on an interface. As the types
of data determine how the data should/can be viewed
on an interface; this component is significantly
affecting the representation and interaction component
of an interface.

Representation (Format and
structure): Representation ~ components of an
interface is about data encoding and structure on an

interface. We have divided the representation
component of an interface into two dimensions:
including format and structure. The format
dimension of an interface is about how the data has
been encoded. The format is the basic unit of an
interface space and is about the mode of data
presentation such as image, sound, graphs and icons
on the interface. The structure dimension of an
interface is about the layout, position of heading, and
sub-heading, the sequence of information.

Use Interaction: This component of an interface is
about users’ actions on an interface and the responses
which they receive from the interface. Possible action
of a user on an interface can be filtering, drilling,
navigating, zooming etc. It is also related to the
physical occurrences (e.g., clicking, swiping,
dragging, tapping) that users perform, to perform an
action on an interface (for example filtering).
Support: This component of an interface mainly
depends on the support which receives form providers.
However, in this study, the focus is on the support
which is provided by the technology design and
characteristics to its end-users, such as the help
section, training video on an interface.

5.2. The proposed theoretical model of
dashboard acceptance and use in healthcare

As presented in previous sections, in this study, the
aim was to identify decision-making factors which
affect the decision to adopt and use the dashboard in
healthcare and to propose a model for the dashboard
acceptance and use in healthcare. In Figure 3 , the
proposed theoretical model of user acceptance and use
of dashboard in healthcare can be seen. The proposed
model was developed after reviewing existing models
and theories of user acceptance (section 2), and the
identified factors and relationships from analysis
(section 5.1). Finally, we propose 12 Hypotheses as
follow:

H1.1: The perceived reduction in cognitive load
(PRCL) fit positively affect the effort expectancy
H1.2: The perceived reduction in cognitive load

(PRCL) fit positively affect the performance
expectancy.

H2.1: The perceived sociotechnical fit (PSF)
positively affect the effort expectancy.

H2.2: The perceived sociotechnical fit (PSF)

positively affect the performance expectancy.

H3: The support component (SC) of an interface
positively affect the intention to use.

H4: The interaction component (ItC) of an interface
positively affect effort expectancy.
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HS: The information content component (IcC) of an
interface  positively  affect the performance
expectancy.

H6: The representation component (RC) of an
interface positively affect performance expectancy.
H7: Health professional Managers Support (HMS)
positively affect the intention to use.

HS: Users trust positively affect the intention to use.
H9: Users positive emotional (PE) reaction positively
affect the intention to use.

H10: Users negative emotional
negatively affect the intention to use.

reaction

(NE)

[Perceived Reduction in Cognitive load (PRCU}<=+~._ |_ .,

Perceived Sociotechnical Fit (PSF) __]<:Z'7 _

/

Support C (SC)

T

." R /
[ Interaction Ci (t€) |G

S
[ information Content Component (IcC) | J
/

/
Representation Component (RC g

) Effort Expectancy (EE)
h Performance Expectancy (PE)
2

ealth Managers Support (HMS) "~
Positive Emotion (PEm) : o . \

Negative Emotion (NEm;

Intention to use
Dashboard

Moderating Factor

Age, Education, Literacy,
Numeracy Experience, confident

Figure 3. Proposed theoretical model of dashboard acceptance and use in healthcare

6. Discussion

The main aim of employing information
technology in healthcare is to improve clinical care,
processes and workflows. Various types of
applications have been developed and introduced,
along with advances in computer science and
technology in healthcare. Accordingly, many studies
have been undertaken in the healthcare context to
evaluate the technology applications in this field
which are called evaluation studies. Evaluating
technology adoption and use in healthcare or any other
industry help to identify to what extent the application
of the technology has been successful and can guide
the managers toward better managing its use. In
particular, technology adoption studies help decision-
makers to examine the level of technology acceptance
and to identify factors which have vital roles in the
successful adoption and use of technology. Various
models (section 2) have been utilised to examine
technology adoption, acceptance and wuse i
healthcare.

Thus, in this study, the overall aim was to identify
factors affecting the dashboard adoption and
acceptance in healthcare with regards to the constructs
recommended by the existing technology adoption
models. We believe the identified factors from this
study can be considered to improve the adoption and
acceptance of dashboard by users in the healthcare
context.

=

We found out not only the technology and its
characteristics but the external environment, c.g.,
government regulation in healthcare, the movement
toward more transparent reporting, policies and
regulations related to the integration of patient-
generated health data into the health information
technologies; characteristics of the healthcare
organisation, e.g., hospitals' norms, value, and
regulations, volume, and resource commitment; and
users' characteristics, e.g., demographic
characteristics, graph literacy, health literacy,
numeracy, and visual literacy have vital roles in the
decision to adopt and use dashboards in healthcare
organisations.

These findings enabled us to propose a new model
which can be used to evaluate dashboard adoption,
acceptance and use in healthcare. In our model, we
have suggested new exogenous and endogenous
variables which have not been tested in previous
studies.

Based on our model, two new factors, perceived
reduction in cognitive load and sociotechnical fit have
been identified as two exogenous variables which
affect effort expectancy and performance expectancy.
Indeed, if users perceive that new technology fits with
their organisational norms, tasks, needs and
cognitions, it would have a positive effect on their
beliefs in using the system. So, to better understand
user acceptance of dashboard in the healthcare
domain, evaluation studies need to take into account
how well the implemented system fits with users’
cognition, needs, task and organisational norms.
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Moreover, we have also identified trust, healthcare
professional managers support and the emotional
reaction as new endogenous variables that affect the
users' intention to use a new system. Besides, the
characteristics of dashboards, including the quality of
the information content, the representation of the
information, users interaction (as new exogenous
variables) and the supports which is provided by the
system (as a new endogenous variable) were other
factors which identified to be effective in dashboard
adoption and use by users.

Although this study enabled us to discover several
new factors, we were unable to identify important
factors such as social influence in using dashboards in
healthcare. We believe such results can be because of
two reasons. First, in most reviewed articles,
healthcare professionals were the primary users of
dashboards, which unlike patients who are heavily
influenced by their physicians, family, and friends in
the use of technology in their care process, may not be
significantly influenced by their colleagues in the use
of dashboards in their practice. Second, it can be
related to the number of articles which were used in
the analysis section of this study. We argue, if more
studies are considered, other effective factors in
dashboard acceptance and use can be found.

In our opinion, the findings of this study are
essential for understanding dashboard adoption and
use in healthcare. Therefore, we believe the factors and
hypotheses presented in our model needs to be
incorporated into evaluation models or frameworks
that focus on dashboards adoption and use in
healthcare.

7. Conclusion

The review identified 53 effective factors in
dashboard adoption and use in healthcare, which were
grouped into ten categories. Besides, an evaluation
model was proposed considering the identified factors
and construct recommended by previous technology
adoption model and framework.

In the first phase of the study, we conducted a
systematic literature review to identified factors
associated with dashboard adoption and acceptance.
These factors were then classified according to the
constructs proposed by previous models. For those
factors which could not be classified based on
previous models, we have added them as new factors
to the model. The new factors identified from this
study are as follow; perceived reduction in cognitive
load, perceived sociotechnical fit, healthcare
professionals support, trust, emotional reaction and
dashboard’s components characteristics. The results
show that the perceived sociotechnical fit and

reduction in cognitive load effect users’ beliefs
(performance-effort expectancy), which in turn affect
the user intention to use dashboards. Furthermore,
healthcare professionals support, trust, and emotional
reaction were other identified factors affecting the
intention to use dashboards as decision aid tools in
healthcare. This work exemplifies a new generation of
technology adoption and use model which explicitly
accommodates the peculiarity of the technology itself
and the application context (in this case healthcare).

However, despite the results of this study and its
valuable contribution, it also should be mentioned that
this review has a few limitations that might affect its
generalisability. The first limitation is that the data
analyses in this study come from the published
literature only. However, the proposed model can be
tested by future studies. Secondly, our study does not
include every paper published on the topic, but it
provides a reasonable synthesis of factors which might
lead to adoption and acceptance of dashboards in
healthcare.
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