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Abstract

Improving the value of care is one of the essential
aspects of Value-Based Healthcare (VBHC) model
today. VBHC is a new HC delivery model which is
centered on patient health outcomes and
improvements. There is anecdotal evidence that the
use of decision aid tools like dashboards can play a
significant role in the successful implementation of
VBHC models. However, there has been little or no
systematic studies and reviews to establish the extent
to which analytics dashboards are used to support
patient care in a VBHC delivery context. This paper
bridges this knowledge gap through a systematic
review of the existing literature on dashboards in the
HC domain. Our study reveals dashboard capabilities
as an enabling tool for value improvements and
provides insight into the design of dashboards. This
study concludes by highlighting a few gaps, question,
and need for research in the future.

1. Introduction

Healthcare (HC) industry all around the world is
struggling with many challenges including:
demographic changes, increase in complex chronic
disease, limited funding, and limited capacity in
managing large volumes of operational and clinical
data to make smarter decisions [1]. The models and
techniques that have been introduced and developed
over the last decades to cope with some of these
challenges include evidence-based decision making to
quality improvement and cost reduction. Value-based
Healthcare (VBHC) as one of the recent developments
in the HC domain has emerged to address some of the
challenges in this domain. The VBHC model aims to
enhance the value (neither an abstract ideal nor a code
word for cost reduction) that is driven by the resources
available for patients [1]. In this model, value is
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defined as the patients' health outcomes achieved,
relative to the cost of delivering the required outcomes.
VBHC systems aim to align patients, providers, and
funders’ interests toward the shared goal of improving
quality and outcome at lower costs. Based on the
principles underpinning this model, providers need to
collect, monitor and analyse large amounts of data to
evaluate and report value and have more value-driven
outcomes [2], [3]. So, in the context of VBHC the use of
information technologies and decision aid tools such as
dashboard [4] which comprise visual displays of the
essential data/information can be very useful tools for
making sense of the large amount of clinical and
operational data. Dashboards can allow clinicians to
interpret information from multiple sources to inform
decision-making on treatment options in real time. They
enable tracking, monitoring, and analyzing different
types of data [5]. Dashboards can enhance hospitals'
performance and could provide better communication
among medical experts and patients [5]-[7]. In this
study, we aim to analyse dashboard use in HC delivery
domain to establish the extent to which existing
dashboards provide support for VBHC delivery model.
In our opinion, this study is crucial as it is the first to
assess the role of dashboards in HC value improvement
to our knowledge.

The remainder of the paper is organized as follows; the
next section includes the background, section 3 expands
on the research 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. Background

2.1. Value-based Healthcare

The need for HC services is rising due to growing
global demand and population, the burden of
increasingly complicated chronic disease [8]. With
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limited HC budgets, actors in this domain need to
ensure that available resources are judiciously
employed for interventions which have been shown to
produce more valuable outcomes for patients. Putting
value (in particular for patients) at the centre of any
decision in the HC domain is a defining feature of the
VBHC model [8], [9]. VBHC was introduced by
Porter and Teisberg (2006) [3] and later further
developed by Porter (2010) [2] and Porter and Lee
(2013) [10] resulting in a “value agenda” that made the
following suggestions: (1) organize into integrated
practice units; (2) measure outcomes and costs for
every patient; (3) move to bundled payments for full
care cycles; (4) integrate care delivery across separate
facilities; (5) expand excellent services across
geography (e.g., compete on value outcomes); and (6)
build an enabling information technology platform
[11]. In this new model, decision-makers' strategies in
the health domain are largely about adding value for
patients[2], [12]. Most importantly, VBHC seeks to
avoid unnecessary diagnostic and therapeutic
interventions. It supports the cost-effective delivery of
care while still being compliant with evidence-based
guidelines. In contrast to the traditional fee-for-
service model or capitated approach in which patients
have to pay every time they see a doctor or undergo a
medical test or procedure regardless of whether a
diagnosis or procedure was successful or not, VBHC
providers are paid based on patient health outcomes
improvements.

VBHC delivery model provides benefits to patients,
providers, payers, suppliers, and society as a whole.
For example, through VBHC, patients' recovery from
illness is quicker. They face fewer doctor's visit, test,
and procedure. So, they spend less money on
medication as both short-term and long-term health
improve. Although providers might have to spend
fewer more time on prevention-based patient services,
the time that they need to spend on managing chronic
disease is less. Furthermore, quality and patient
engagement measures increase, as the focus of this
model is on value rather than volume, and providers
would achieve better care efficiency. Besides, payers
in the HC domain would have stronger control over
cost, and suppliers gain profits from being able to align
the created products and services with positive
patients' outcomes and reduced cost. Therefore,
society becomes healthier while overall HC spending
is less than the traditional models [2], [13]

In addition, it is argued that the best and perhaps the
only way to improve the equity of care is to measure

! Evaluated via world health organization (WHO-5)

2 Evaluated via problem areas in diabetes (PAID)

value, make it transparent and reward providers based
on value improvement [2], [13]. Consequently, based
on the VB model, patients' health outcomes need to be
measured based on their medical condition along with
the cost [8]. In this model, outcomes cover the full cycle
of cares (short and long term) including acute care,
related complications, rehabilitation, reoccurrences,
health-related quality of life (HRQOL), well-being, etc.
[2], [14]. Additionally, outcomes must be risk-adjusted
or stratified by patients’ population (based on their
initial conditions) and be based on what patients value
[8]. Furthermore, to align processes in this model, one
of the essential steps towards VBHC is the standardized
measurement of outcomes associated with costs per
capita. The International Consortium for Health
Outcomes Measurement (ICHOM) - a non-profit
organization uses the VB model to define standard sets
for various types of medical conditions based on what
matters to different groups of patients. This organization
report all the required measurement to providers across
the world. These sets of outcomes guide providers in
different parts of the world to collect similar sets of data
and to make decisions based on standard criteria.
Furthermore, they facilitate comparable outcome
measures across the globe among providers and patients.
To date, they have published 28 standard sets covering
different conditions and for specific patient populations
and still working to establish new standards sets. As an
example, the ICHOM standard sets for adults who live
with type 1 and 2 diabetes include; PATIENT-
REPORTED OUTCOMES (PSYCHOLOGICAL WELL-
BEING', DIABETES DISTRESS?, DEPRESSION?); ACUTE
EVENTS (DIABETIC KETOACIDOSIS, HYPERGLYCEMIC
HYPEROSMOLAR SYNDROME, HYPOGLYCEMIA),
CHRONIC COMPLICATION (MICRO AND
MACROVASCULAR COMPLICATION, NERVOUS SYSTEM
COMPLICATIONS, TREATMENT COMPLICATIONS),
SURVIVAL (VITAL STATUS); HEALTH SERVICES
(FINANCIAL BARRIERS TO TREATMENT, HEALTHCARE
UTILIZATION);, DIABETES CONTROL (GLYCEMIC
CONTROL) [15].

Considering the various types of data to be extracted
and evaluated for value measurement, the success of VB
decision making is depending on the availability of a
mechanism to simplify the consumption and sense-
making of the data for both patients and providers. This
availability of such mechanism is expected to positively
impact the quality of choices/decisions around
treatments or medication type for patients, and decision
around teamwork and communication for providers. In
addition, information about value and outcomes is
beneficial for other external actors such as the insurance

3 Evaluated via patient health questionnaire (PHQ-9)
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company. In summary, for making value-driven
decisions, decision-makers require access to precise,
actionable, reliable and comprehensive data on the two
elements driving the value: 1) health outcome and 2)
cost.

2.2. Dashboard in Value-based Healthcare

Visualization has the potential to become an
essential part of the HC field [4]. Today, the
visualization of patients' health record is one of the
primary topics of interest [4] in the HC field.
Dashboards as one of the important visualization tools
can represent data and information in the HC
organizations in a user-friendly style and can help
several users in decision making to expose the most
insightful information at a glance [12]. HC
organizations are introducing dashboards as a means
of evaluating and promoting the quality of provided
care [16]. It can be mentioned that designing an
informative display like dashboards which enable HC
professionals to longitudinally follow patients’ health
outcomes and costs could be very helpful and valuable
[9]. Dashboards can enable providers and other
stakeholders in the HC domain to track and monitor
diverse types of data [12]. Dashboards can quickly
communicate information about decision alternatives
by presenting factors which might matter to make
decisions for its end users. In the context of VBHC,
the use of the dashboard to display different health
outcomes and costs can help health workers to provide
better care [17]-[19] and make more value-driven
decisions. Furthermore, it would let patients see
various treatments' outcomes/costs (value), and it
allows them to see their short and long-term health
status in a user-friendly format. Consequently, the use
of dashboards can increase patients' satisfaction, self-
efficacy and involvement in decision making
(decisions concern to treatments types and follow up
care) [4], [17], [19]-[21].

Table 1. Required elements for dashboard to
support value-based healthcare

Required elements for dashboards decision aid tools to
support VBHC delivery model

Providing information about full cycle of care

Providing information about various types of data

Enabling access and communication among parties

Allowing value measurement

Enable transparency about health outcomes and cost

providing interoperability standards to enable communication
among providers

Guided by the VBHC principle, the design and use of
information technology and decision aid tools, such as
dashboards need to support the following elements.
They are required to provide information on both long-
and short-term health outcomes and cost and also allow
access by all involved parties, including patients. They
should enable easy extraction of the outcome, process,
and activity-based cost measures for each patient and
medical condition; and they should support
interoperability standards enabling communication
among different provider organizations (Table 1) [8],
[10].

2.3. Human-Data Interaction and Visualization tools

During the last decades, most of the activities such as
problem-solving, decision making and planning that
human is involved with, are information-intensive and
require complex human cognition [22]-[24].
Additionally, human activities are mediated by various
types of tools such as interactive visualizations which
are capable of visualizing data in a way that users can
interactively manipulate data through them to get
answers for several questions which might be driven
from data [25]-[27]. Users interaction through
visualization tool can be described as users’ actions on
the interface and responses which they receive from it
[24], [26].Interaction is critical as it has a direct effect
on users’ engagement with data and interface [26], [28].
So, before designing a proper interactive visualization
tool such as a dashboard, designers need to consider
different users characteristics, such as cognitive styles,
knowledge, perceptual capacities, and visual task [26],
[29]. For example, according to cognitive fit theory,
using graphs could be an excellent way to display the
data if the user's task is to identify a relationship in data
or to make a comparison. In addition, tables are useful
for those tasks which need extracting specific values
from data and making decisions [29]. So, it is necessary
that the level of interactions, format types (tables vs
graphs), functional and visual features of visualization
[29] tools to be designed in such a manner that it fits
with the types of tasks and users’ characteristics to
enable their effective use [26], [27].

Furthermore, regarding the importance of human-data
interaction and the role of computational tools, Sedig
and Parsons [26], defined that “human-data interaction
mediated by visualization tools at four levels of
granularity: 1) Events, 2) Actions, 3) Tasks, and 4)
Cognitive activities” (EATC). They defined these four
levels of granularity as follows: Events: Events are
physical occurrences that users perform on the
visualization (e.g., clicking, swiping, dragging, tapping
), Actions: Performance of a series of events gives
emergence to epistemic actions (e.g., filtering, linking,

Page 3661


http://mostwiedzy.pl

A\ MOST

measuring, drilling, annotating), Tasks: Tasks can be
thought of as having three aspects: cognitive (e.g.,
generating hypotheses, chaining items), interactive
(e.g., browsing, categorizing, ), and visual (e.g.,
scanning, tracing boundaries). Different tasks require
different degrees of visual, cognitive, and interactive
processing, Cognitive activities: Performance of a
sequence of tasks give emergence to cognitive
activities (e.g., sense making, decision making,
problem-solving, learning, planning). Cognitive
activities are made up of not only interactive tasks but
also visual and cognitive tasks.

3. Methodology

3.1. Research objectives and questions

In this study, a systematic literature review was
employed to identify the extent of the use of analytics
dashboard for VBHC delivery model. Specifically, the
study aims to assess the use of analytics dashboards
for VBHC in the HC domain. Following the objective
of this study, it answers the following questions:

i. What are the goals of HC organizations in
adopting dashboards?
ii. Who are the users of dashboards, and to what
extent are dashboards targeted at patients?
iii. What are the functional and visual features of
dashboards?
iv. What are the impacts/outcomes of dashboards
utilization in the HC domain?
v. To what extent do dashboards provide support for
value-based HC delivery model? (support means, to
what extent dashboards have been designed to support

identified elements in section 2.2, which are necessary
for VB decision)

3.2. Selection criteria and method

To carry out the systematic literature review we
employed Mathiassen et al. [30] approach (see figure
1). In this study, the Scopus database was used to
search for English documents. In step one, the
“dashboard,” as a keyword was used in step one to
search relevant documents between 2005 to Jun 2018
and then the search was limited to following subject
area: "Medicine, Nursing, Health professional,
Immunology and Microbiology, Computer Science
and Engineering", and we excluded those paper which
was not in the HC domain. In step two, we went
through the title of identified articles in step 1 to select
the relevant articles in ranked journals. Relevant
articles are those which could helped us to answer the
research questions, considering the following

criteria’s: 1) The articles required to be case studies
which are reporting the application of dashboard in the
HC domain, e.g.,  hospitals, national HC
organizations. 2) Report on the aim of HC organizations
to use dashboard. 3) Report on the targeted end-users
of dashboards. 4) Report on the functional and visual
features of the dashboard and availability of a link or
screen shot/figure of the dashboard. 5) Report on
outcomes of using dashboard. In step three, firstly,
some articles were excluded from our repository as they
were not relevant (after skimming abstract). Secondly,
some were removed as full texts were not available, or
the quality was not good, or the document was
irrelevant. Thirdly, after full-texts analyses, some other
papers were excluded because of the lack of coverage of
necessary elements, concrete methodology, or their
relevance to the aim of this study. In step four, we
identified a few references through the reference list. In
step five, we selected relevant papers from step four.
Finally, in step six, we combined all the results which
identified from previous steps. We ended up with 41
documents which cover 37 unique cases (since multiple
papers were found for the two case studies) (figure 1).

4. Analysis

Each case was coded based on the following aspects.
1) determining the users of dashboards in the HC
organizations; 2) objects/aims or reasons that motivated
the HC organizations to apply dashboard solution; 3) the
nature of the tools employed as dashboard, its
functional, visual and human-data interaction features,
and 4) outcomes of applying dashboards solutions in the
HC organizations. Coding procedure was done as
follows. At the first step, the first author of this paper
analyzed the background regarding the aim of using
dashboard, users of dashboard, features of dashboard,
rules, and outcomes to construct a simple annotation
framework. Secondly, the second author of this paper
checked and examined the created framework before the
real coding procedure began. Thirdly, the first authors
went through each paper and tried to start real coding
based on the defined framework (in earlier steps), and if
it was necessary, the new terms were added to the
framework. Finally, all the coding which was done by
the first author was verified by the second author
independently, and disagreements were resolved
through discussion in a meeting to arrive at unanimous
decisions. More specifically, to answer the first question
of this study (the aims of applying dashboard), first, we
tried to extract the information regarding the aims and
those factors which motivated HC organizations to
choose dashboard solution, and then we code those
reasons into five classes. 7o answer the second question,
the same approached was applied. We identified the
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users, and then we classified them into ten groups. 7o
examine the types of users’ interaction with
dashboards, we used Sedig and Parsons hierarchical
model of human-data interaction as a lens. We tried to
match the identified interactions to the hierarchical
model, considering the definition for EATC.
Furthermore, we investigated and analyzed the types
of colors and graphs for each case. For question
number 4, first, we examined the results section of
each paper and identified the outcomes, and in the
second stage, we grouped them based on their effect
on patients and providers. Finally, for the fifth
question, considering the elements mentioned in table
1 and the analysis of the first four questions, we tried
to analyze and answer to what extent dashboards
support VBHC.

Search was limited to following subject
“Dashboard” as Step1 3972 | area: Medicine, Nursing, Health
keyword was i logy and
search on Scopus Step1 l—b Microbiology, Computer Science and
database from Engineering. So, other papers exclude.
2005-June 2018 2980 Laduded97

Not in healthcare domain
Excluded=2105

Step2

Mathiassen et al.
h 875 Documents were excluded form our
app?oac . repository as they were not relevant (after
1- Search in academic Step3 skimming)

database, Excluded=619
2-Selecting articles in
: full texts were not available
ranked journals, sclndedais

3- Selecting most After scanning, document were excluded
relevant materials, 125 form our repository as the quality was not
- o good or the document was not relevant
4. Identifying o'ther stp3 Excluded=86
articles from reviewed

Documents excluded form our repository as

articles’ citations, After full text analysis d(.)cuments were
5 Selecti excluded form our repository due to the
- o€ _ectmg more lack of necessary components for analysis
relevant items from step Excluded=49
4) After full text analysis documents were
ey 34 excluded form our repository due to the
6- Combining result lack of concrete

from step (3) and (5). methodology
Excluded=42

Step 4,5

Documents were identified find through
reference list

N=11
{ Documents included in analysis } 41 And N=7 were included

Figure. 1. Flow diagram of included and excluded
studies

Step 6

5. Results

This section summarizes the results of the study
concerning the research questions and based on the
data analysis method, explained in section 4. Section
5.1 examines the purpose of studies applying
dashboards; section 5.2 attempts to determine the end-
users of dashboards. Section 5.3 focuses on
dashboards’ visual and functional features, while
outcomes (results) of dashboards application are
highlighted in section 5.4, and finally, section 5.5
explains to what extent dashboards support VBHC
delivery model.

5.1. Objects of dashboards use in healthcare

Our analyses shows that in several cases
dashboards were used as to monitor the trend of the
data and to improve the HC services and quality of care
[31]-[38]. Desantis et al. (2016) [31] in their study to
monitor and improve the quality of life among patients
with overactive bladder used a dashboard to track
patients' quality of life longitudinally. In Germany at the
University Hospital Leipzig, dashboard employed on
head and neck tumour board for real-time monitoring
and improving the care of patients [35], the designed
dashboards had information regarding patient metric
(e.g. name, gender, BMI), disease metrics (e.g. clinical
and paralogical stages) and therapy metrics (e.g.
examination details). In some other cases, dashboards
were employed in hospitals to enhance the efficiency of
care [19], [39]-[43]. Bahl et al. (2013) [39] to reduce
and better monitoring the inpatient pharmacy cost
applied dashboard. They put different types of data
related to the cost on dashboard [39]. In another case,
Welch et al. (2015) [42] adopted a diabetic dashboard to
promote HC efficiency in diabetic care, in the designed
dashboard they put different data, such as patient
demographic data, medication types etc. In eight other
studies, dashboards were used to improve the
adherence to various guidelines in HC organizations
[6], [7], [44]-[49]. For example, dashboards were used
to monitor adherence to ventilator bundle in intensive
care unit [6], [49] and to prevent infection in the adult
Intensive Care [7]. Some other groups of HC
organizations applied dashboards to fulfil their needs for
real-time tracking and access to data [4], [S0]-[53]. For
example, Morgan et al. (2008) [52], Nagy et al. (2009)
[51], and Huber et al. (2018) [53] employed dashboard-
based solutions for real-time monitoring and accessing
data for better practice in the radiology department.
Furthermore, our analysis revealed HC transparency as
necessity for re-designing a quality HC system. So,
regarding its importance, some studies aimed to find a
way to report their health outcomes, cost, and quality of
care to patients to help them to make more informed
and valuable decisions [5], [9], [17], [18], [20], [21],
[54]-[60]. For example, National prostate cancer
registry of Sweden, to record and indicate the
performance of prostate cancer care in their country
developed a comprehensive dashboard which is publicly
available, and people and care provider can see and
compare the results with together [18], [58].

Analyses show that HC organization use dashboard
as decision aid tools for five main reasons to provide
better services and care to patients: 1) monitoring and
improving HC services and quality; 2) improving the
efficiency of care; 3) improving adherence to
guidelines; 4) real-time monitoring and tracking of data;

5) improving HC transparency.
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5.2. The users of dashboards

Based on our analysis we classified the users of
dashboards in ten groups: 1) primary care practitioner;
2) general practitioner; 3) clinician; 4) physicians; 5)
nurse; 6) medical staff; 7) pharmacist; 8) administrator
and managers, 9) patients and 10) others (e.g., network
leaders, mental health professionals, patient safety
officers, regulatory agencies, pharmaceutical
companies). More specifically, by focusing on patients
as end-users, we found that among 37 unique cases,
only in 8 cases (table 2) were patients one of the
targeted users of dashboards. In few of these cases,
providers were trying to provide decision aid tools for
patients to help them to see different types of data and
information in user-friendly formats to track data and
to make more informed decisions. In others, providers
aimed to improve the transparency of HC by providing
the data in the right format to patients.

Table 2. Dashboard users

Users Source
Primary care
practifioner [40]-[42], [45], [471-[49], [52]
General Practitioner [34]
s [9], [17]-[21], [31], [46], [50], [55], [56],
Clinician 58], [59]
Physician [51, [351, [391, [42], [44], [53]
Nurse [4], [33], [36], [38], [42], [50]
: [4], [6], [7], [19], [21], [33], [37], [39].
Medical Staff [43], [50], [51], [57]
Pharmacist [40], [60]
Administrator and
Managers (361, [531, [57]
Patient [4], [17]-[21], [52], [54], [S6]-[58]
Others [4], [5], [32], [33], [60]
5.3. Dashboards

In this section, we report the findings and results of
the user’s interaction supported by dashboards based
on the hierarchical model of human-data interaction
(section 2.3). For each case, we have analyzed the
dashboard design. In a few cases, links were available
to the dashboards which enabled us to visually inspect,
use and examine various functional and visual features
of dashboards. In some other cases, the screenshots of
dashboards and explanations of types of interactivity
and functional and visual features allowed us to extract
necessary information from cases. Subsequently, these
analyses helped us to code the human-data interaction
based on events, actions, task, and types of cognitive
activity, which can be seen in the table below (see
table 3). From the visual perspective, the use of colour

in design is significant, and designers need to choose
those colours which have semantic meaning. Colours
enable end-users to compare different groups and cases
easily; for example, comparing high-risk patients with
low risk.

Furthermore, for a useful design, not only colours
needs to be selected based on the medical experts'
suggestions regarding colour semantics of the domain,
but also needs be chosen based on other users’
characteristics (such as colour-blind users) [4]. In our
analysis in some cases the traffic light colour coding
principle was adopted in dashboards' design [7], [18],
[38], [39], [41], [42], [44], [47], [50]-[52]. As an
example, Starmer et al. (2008), [7] used a simple color
scheme of (red, yellow and green) to indicate several
conditions compliance with processes.

Additionally, different studies used different types
of graphs, charts, and tables considering their goals,
types of data and users’ interest and task. Hartzler et al.
in their study on designing a dashboard to display the
quality of life for patients with prostate cancer
highlighted that patients prefer bar chart to other types
of visualization such as line graph, table, and
pictograph. On the other hand, in this study providers
preferred tables to other kinds of visualizations for the
same data set (this difference is related to users’ task,
preference, and cognitive styles). By considering the
cognitive fit theory (section 2-4) in our analysis, Bahl et
al. [39] in their case study about designing a dashboard
for inpatient pharmacy costs used a line graph to show
monthly average costs per patient day for the service
against the average for all services to identify
relationships in data and to make comparisons. Daley et
al. preferred using tables in their dashboard to show the
availability of beds. The use of tables in this case could
help users to extract specific values from data and make
decisions based on the task that they were responsible.

Table. 3. Conceptualization of human-data
interaction on dashboards

Name | Source
Identified Cognitive Activities
Analytical reasoning [6], [39], [41], [53]
Decision Making [31], [37], [40], [42], [44]-[46], [54],
Knowledge discovery [51]
Planning [5]
Problem Solving [50]
Sense Making [33]
Identified Tasks
Assessing [50]
Categorising [50]
Discriminating [6], [34]
Exploring [5], [51]
Generating hypothesis [53]
Triaging [37]
Page 3664


http://mostwiedzy.pl

Downloaded from mostwiedzy.pl

A\ MOST

5.4. Impacts of dashboards utilization in the
healthcare domain

In this section, we analyzed the outcome (results)
of utilizing dashboards as mediating tools in the HC
domain. First, we tried to identify the results and
impacts of using the dashboard in the selected studies
(which were mentioned in the result section of each
case). For example, Anderson et al. [48] reported that
by the use of dashboard adherence to guidelines for
opioid practice improved and they experienced more
efficient teamwork and better communication among
staff. In another study, the use of dashboards enabled
patients to easily follow the changes in their health
status and quality of life, in comparison to other
patients with similar health conditions [17]. In the
study by Dolan et al. [54] dashboard's use helped
patients to make better decisions regarding their
treatment options and care process and enhanced
patients’ satisfaction and communication with
providers. Potentially, dashboards improved shared
decision making, because HC professionals could
provide various information to patients, and patients
could be more involved and informed.

Secondly, we summarized and categorized them
based on their impacts on patients and providers. On
the one hand, from an organizational point of view, we
categorized the outcomes in twelve domains; 1) better
collaboration and communication, 2) performance
improvement, 3) better documentation,4) time
improvement, 5) service quality improvement, 6)
efficiency improvement, 7) efficient data access, 8)
better data monitoring, 9) cost reduction, 10) health
outcome improvement, 11) value Improvement, 12)
care improvement”. On the other hand, we categorized
dashboard impacts on patients into five areas, 1) safety
improvement, 2) satisfaction improvement, 3) health
outcomes improvement, 4) better communication with
providers, 5) value Improvement.

Table 4. Outcomes

Identified Actions Better Collaboration and [51, [7], [17], [31], [32], [38], [48],
- Communication [51]
Comparing L2 120] (3] 1300, 149, |34 - (51,171 [181. [19], [36]. (371 [41]
Drilling [41], [45], [48], [51] Performance Improvement [441. [51]
Filtering [17], [33]-[35]. [40], [41], [50], [54] Better Documentation [38], [41]
Selecﬁng [17), (351, (36]. (40]. (48], [30). [31) Time Improvement [44], [51], [52]
Zooming [331132] Service Ouality I (61, [7], 1311, [33], [38]-[40], [48],
Translatin [17] ervice Quality Improvement [49], [51]

Efficiency Improvement

[19], [21], [43], [54], [58]

Efficient Data Access

[5], [32]-(35], [39], [41], [44],
[53]

Better Data Monitoring

(4], [91, [18], [34], [39], [41], [59]

Cost Reduction

[55], [58]

Health Outcome Improvement

[31], [32], [42]-[44]

value Improvement

(51, [91, [39], [54], [551, [59], [60]

Care Improvement

(6], [7], [17], [19], [31], [34], [38],
[401, [431, [471-[49]

Outcomes (Patients)

Sources

Safety Improvement

[33], [39], [40]

Satisfaction Improvement

[17], [19], [21], [54]

Health Outcomes Improvement

[31], [32], [42]-[44]

Better Communication with
providers

(4], [51, [17], [19], [21]

value Improvement

[51. [9]. [39]. [54], [551. [59], [60]

Outcomes (Providers) | Sources

5.5. Dashboards support for value-based HC
delivery

Considering the results from sections 5.1, 5.4, and
elements identified in section 2.2, we found that in a few
cases, dashboards were used to enhance the quality of
care and to choose the best treatment with better health
outcomes and cost by tracking and monitoring data [5],
[9], [39], [54], [55], [59], [60]. Frequently, in the majority
of cases, it appears that HC organizations typically used
and applied dashboards to control and monitor the
quality of health services [31]-[36] [37][38] and to
improve the adherence to guidelines [6], [7], [44]-[49],
internal process, and efficiency [19], [39]-[43], rather
than tracking health outcomes and cost and enhancing
value, and sharing the data about full cycle of care with
other stakeholders. However, in few cases they have
been used to improve the transparency in the HC.
Unfortunately, these findings indicate a significant gap
in the literature which needs to be considered by
scientists regarding the importance of VBHC and
improving value in this section. Consequently, our study
support that well-designed dashboards have essential
roles in improving the value of the care as they can
provide real-time monitoring of quality indicators and
cost. Our analysis and findings clearly defined that
dashboards have an essential role in VBHC delivery
model as can display all types of analysis (descriptive,
predictive and prescriptive) in a way that can make
sense for different users and assist them in making VB
decisions, etc., via the interaction/communication.

6. Discussion
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6.1. Dashboard capabilities in the context of
VBHC

VBHC not only has changed the way HC
organizations used to manage their business and
created data but modified the application of
technologies and decision support tools. VBHC needs
to be reached with technologies, techniques, and tools
to facilitate systematic outcome-based quality
improvement (considering the main aim of VBHC).
More specifically, dashboards and other types of
decision aid tools need to be designed and developed
in a way to support the VBHC delivery model. To
improve value in the HC domain, providers need to
longitudinally collect data on both health outcomes
and cost for each medical condition and make
decisions based on the analyses on these two
elements. The results of this study are consistent with
those of previous studies which generally (not
specifically in the context of VBHC) examined the
importance and roles of dashboards in HC domain,
additionally clarified the important capabilities of
dashboard in the context of VBHC as an enabling tool
and has highlighted to what extent HC organization
are using dashboard, considering VBHC delivery
model [16], [54]

We understood, providing better care to patients and
improving value is a complicated task which involves
integrating, analyzing and interpreting various types of
clinical, financial and technical data and information
regarding different groups of patients' circumstance
and health status. Besides, transparent reporting of all
these outcomes to various actors with different roles
(such as insurance companies, hospital staffs,
government, other hospitals, patients and their
families) and objectives in the HC domain is another
essential element for value-driven decisions. We argue
that dashboards which can visually display outcomes
and cost for various medical conditions can facilitate
patient-centered decision making [21], [59]by
enabling patients to have access to their data and
facilitating the communication between providers and
patients [4], [17], [19], [21] and increasing the safety
[33], [39], [40] and satisfaction level [17], [19], [21],
[54]. The use of dashboards enhance HC transparency
and can enable patients to choose the best HC
practices with better outcomes and cost, [5], [9], [17],
[18], [20], [21], [54]-[60]. All these advantages show
that dashboard as a decision aid tool has the potential
to improve the value in the HC domain (considering
elements in table 1). It indicates that dashboard as a
tool can be adopted by various HC organizations to
collect data for value measurement, to monitor the
created value, and to improve the value.

Furthermore, our analyses have identified few gaps
regarding the value improvement in the HC domain by
the help of dashboard, which needs to be considered by
researchers and providers in the HC domain, if the aim
is to improve the value in HC organization. In many
cases, providers which aimed to use dashboard to
measure and follow value to make more value-driven
decision, mostly focused on one aspect of value, either
health outcome or cost (considering the value equation=
(Quality + Outcomes) / Cost) rather than improving the
cost in relation to outcomes of various treatments or
drugs. In other words, in most cases, dashboards did not
provide information regarding the full cycle of care,
cost, and health outcomes. Furthermore, dashboards
have not been designed to enable communication among
various actors in the HC domain. Providers do not have
access to information about their collages created value
and outcomes. We argue that for a successful
implementation of VBHC delivery model, providers
should communicate together with a high level of trust
to share data. So, there are fundamental needs to
change traditional paradigms in the HC field.

Another identified issue was related to the availability
of data. In many cases, there was no data regarding the
patients’ short and long-term health outcomes and
cost. So, providers need to collect such data to enable
them to measure the created value and present them to
various parties in the domain.

Analyses on the aims of using dashboard revealed that
in most cases aims were monitoring and improving
patients' and hospitals' workflow, services, and cost
rather than improving the value (improving both health
outcomes and cost). Analyzing, assessing, improving,
and reporting the value is one of the most critical
missing points in the literature, which needs more
consideration. There is a need to go towards more value-
driven analyses and reports to improve public health
outcomes. Furthermore, the clarification about the users
of dashboards shows that they are usually designed for
the use of HC providers, not patients. So, if the aim of
HC organization is going toward more patient-centered
care, shared decision making, and value improvement,
they should consider patients as one of the essential
users of dashboard decision aid tools.

6.2. Dashboards’ design considerations

Related studies on the use of dashboard decision aid
tools [16], [54]have shown that graphical formats are
more effective than numerical information for
identifying relationships and comparing the possibilities
of different results, minimizing decision biases due to
clear anecdotal information, and promoting
understanding of information by patients and providers.
Subsequently, this study provided evidence supporting
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the advantages of visual information formats for
supporting the decision-making processes in the HC
domain and specifically, to some extent in the context
of VBHC.

However, our analysis of the design of dashboards
revealed some limitation. For example, we found that
only in two cases, hospitals developed particular types
of dashboards for patients with prostate cancer based
on their need and characteristic and got feedback from
them [21][17]. This finding shows that there is a large
gap between users’ needs and dashboard design.
Designers and providers need to consider patients’
need and features before any dashboard development
for a higher level of acceptance of dashboard
technology and more significant results.

It means the types of data, selection of the
graphs/tables, the color types, the layout, level of
interactivity (functional, not functional and visual
features), etc., should be chosen based on users’
characteristics, needs, and tasks. If dashboards are
appropriately designed, they can provide an accurate
mean [26] for users with access to relevant and timely
information [32] to examine and explore data and to
make the right decision [26]. Indeed, a dashboard
which is fitted with wusers’ needs, task, and
characteristics would highly be accepted by the users
and would provide better outcomes. So, considering
the relationship between users and a designed tool is
an important aspect which needs more attention.

Furthermore, based on our analysis, it is not clear
what types of dashboards' characteristics such as
graphical features are related to improved outcomes
(dashboard’s impacts in HC domain) (section 5.4), or
if there is any significant relationship between various
types of design and outcomes. For example; Will the
results/outcomes (mentioned in section 5.4) of using
dashboards change if the dashboards' features
changes? The answer to this question is critical, as
shows the level of importance of various components
in the dashboard design. Besides, if designers aim to
develop a dashboard to improve value in HC, not only
need to focus more on users' need and characteristics
but should consider essential elements for a decision
aid tool in the context of VBHC delivery model.

Summarizing what has been discussed in this paper,
we believe dashboards are useful decision aid tools
for reporting different types of data to various users in
the HC domain. From the VB perspective, dashboards
have vital roles in enabling HC transparency, as they
can support an easy, fast, and accurate way for
monitoring and analyzing data to improve value. So, if
providers in the HC domain aim to go toward VBHC
delivery model, a dashboard is one of enabling tools
which can facilitate value improvement.

7. Conclusion

In this study, we attempted to analyze dashboards'
application in the context of VBHC. We have identified,
that dashboard as decision aid tools by providing various
types of data in a user-friendly format can enable
providers in the HC domain to measure and track the
created value. They can improve access to data and
facilitate communication between various parties. They
also can enable transparency in the HC domain.

Furthermore, our study has revealed few gaps; in most
cases dashboard were designed for the use of HC
providers; in most cases the access and use to dashboard
were limited to one hospital rather than sharing it with
other providers in different hospitals (we think, it might
be because of the lack of trust); in many cases the focus
was on one aspect of value improvements (health
outcome or cost) and not both(we believe the reason
could be the unavailability of right data, the lack of
insight about VBHC, or both); in some cases where
patients identified as one of the dashboard’s end-users,
the designers did not consider their need or
characteristics. To our knowledge, by future attempts to
fill the identified gaps, and considering the capabilities
and effectiveness of dashboards, they can be adopted
and used by providers in the HC domain to improve
value in this arena.
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