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Resumo

As unidades de saude séo instituicdes que requafermacdes atualizadas e precisas
para apoiar as decisdes de gestdo a fim de prospenama industria tao critica. Assim,
os sistemas de informacdo de saude foram desedoshpara ajudar os gestores
hospitalares a dirigir as operagfes dirias. Esstemas ndo fornecem sO suporte
operacional, mas também indicadores de desempdrave ¢KPI's) para monitorizar
areas relevantes numa base agregada no tempo.

A tese concentra-se em dois problemas: As orgadegatiospitalares precisam de
informacgdes sobre producgéo e produtividade pardore o acesso aos servigos. Os
gestores precisam de informacdes de producéo etpriodde para otimizar a alocacao
de recursos.

A importancia da resolucdo destas questdes prendenrs o facto de que ao monitorizar
a informacao de producéo e produtividade é possie#iorar a alocagéo de recursos.

A pesquisa consiste no desenvolvimento de painetaidgrolo para monitorar as
informacdes obtidas numa organizacao hospitalarivaa da producéo e produtividade,
com a missao de apoiar 0s decisores no proceect#o.

Para desenvolver adequadamente o painel de comteolorodutividade, adotou-se a
metodologia Design Science Research (DSR) pardroamns avaliar o artefato.
Verificou-se que o segmento de producao e prodiatide necessita de mais estudo e que
o painel de controlo sobre estas tematicas é unsvaba ao nivel da monotorizacdo e
andlise e posterior processo de tomada de deciséo.

O contributo esperado é melhorar o processo dedam@ decisdo nas Organizacdes de
saude, podendo ser (til para alertar de factosagpedpria organizacdo possa ainda

desconhecer relativamente a sua operacionalidade.

Palavras-Chave:Sistemas de informacdo em saude; Inteligénciaesagal; Painel de

control; Gestéao hospitalar; Indicadores chavesesempenho.






Abstract

Health units are institutions which require acoeraipdated information to support
managerial decisions for thriving in such a critizadustry. Thus, health information
systems have been developed to help hospital menatger daily operations. These
systems provide not only operational support, lad key performance indicators (KPI's)
to monitor relevant areas at a time-aggregatedbasi

Despite the recognized value of dashboards in inglgecision-makers, the literature
shows a lack of proposals of productivity dashbsdodassist Hospitals stakeholders.
The thesis focuses on two problems: Hospital orgdimns need access to production
and productivity information to improve access éovices. Managers need production
and productivity information to optimize resourdi®eation.

The importance of addressing these issues lidgeifeict that to monitor production and
productivity information, is it possible to improvesource allocation.

This dissertation consists of the development ¢fhtaards to monitor information
obtained from a hospital organization at the l@fglroduction and productivity, with the
mission of supporting decision makers in the deaigirocess.

To properly develop the productivity dashboard, Dresign Science Research (DSR)
methodology was adopted to build and evaluate rtie¢aat.

It was ascertained that the production and prodilgegment need more study and that
the dashboards on these themes is an asset av#ieof monitoring and analysis and
subsequent decision-making process.

The expected contribution of this research is et a dashboard recognized by health

stakeholders as capable of better assisting themgdilheir management duties.

Keywords: Health information systems; Business Intelligendashboard; hospital

management; KPI's.
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Chapter 1 — Introduction

Health is a sector that is constantly evolving gmalving, making it one of the largest
industries in the world. Its impact on the economhyhe countries is enormous, and in
developed countries, this area receives high badgeesources from the state (Rahimi
et al., 2016).

However, like all other institutions, hospitals atéhe mercy of the unstable environment
of external factors such as technological advardesographic changes, and changes in
the average lifespan of people. For these reasahde to the impact on the healthcare
system at the level of effectiveness it is necgstaat hospitals continuously improve
their performance (Koumpouros, 2013).

To improve performance, it is necessary to meagndeevaluate it and act, so that it is
possible to allow hospital organizations to deBitrategies for the future. To achieve the
respective goals, it is necessary to collaboratke thie various hospital stakeholders. The
strategic objectives of healthcare are always ehglhg because of the complexity of
healthcare organizations (Rahimi et al., 2016) g(&n2006).

The increasing volume of data is due to the em@&gehmore than 20 years of electronic
storage of patients' data, with the Hospital Infation System (HIS) being able to store
and subsequently provide useful information thraughthe hospital's medical history:
from financial information, laboratory data andipats' electronic records (Kawamura et
al., 2014).

The impact of the introduction of information ar@humunications technology (ICT’s) in
the multifaceted health sector is well known arzbgmized (Berler et al., 2005).

There is an essential relationship between thel lefl/eICT’s adoption, the level of
financial well-being and the level of productivity healthcare organizations (Mettler &
Rohner, 2009).

Business Intelligence (BI) is essential in ICT'sldras a direct impact on the following
aspects: providing data visualization tools, impmgv organizational decisions,
supporting analysis of breaking corporate inforovatbarriers, influencing strategic
business decisions, and helping to give meaningrganizational data (Safwan et al.,
2016).

When designed to measure performance and backed Ubpysiness-oriented BI

infrastructure, it will enable healthcare manadgensmeasure performance, monitor KPI's



by preventing deviations, understand undesirali@wiers and redefine the trajectory of
the set objectives (Ghazisaeidi et al., 2015).

Bl provides the essential tools which enable effitianalysis of crucial information from
the organization. One of these tools is the daghlsathat must be developed to allow
access of any healthcare stakeholders to the iafitwmcontained herein. The dashboards
information presented graphically or textually esbd on KPI's that are chosen due to
their importance in the organization's strategye Visualization of the data is a crucial
factor so that stakeholders can obtain the infaonab make the necessary decisions.
Due to the complexity of the decision processiigsessary to make available techniques
such as drill down which, when necessary, allow @emdetailed analysis of the
information and thus provide data to justify theidon (Baskett et al., 2008); (Ryan et
al., 2017).

The measurement of production has always presetednous complexity because
healthcare is not tradable. This fact hinders thseovation of prices and results.
Technological advances also increase the complekfiyice analysis and results (Sharpe
et al., 2007).

1.1. Problem and Motivation

The research focuses on the development of a dashlbor healthcare organizations

productivity. The two problems that we attemptatve are shown in Table 1.

Table 1 — The key problems of the study

ID | Description Authors

Hospital organizations have difficulty in improvirthe | (Sharpe et al., 2007)
services provided when they do not have access to

production and productivity information which allsweal
time information analysis.

P1 Managers find it difficult to identify trends andfperns as (Nogueira et al., 2017)
well as to mitigate deviations and negative trendsich
makes it impossible to make decisions that aredomahtal
for improving the productivity and motivation of $putal
organization:

Hospitals do not have tools that assist in the yamgl| (Black, Browne, & Cairns
evaluation and monitoring of productivity to manage | 2006)

allocation of resource optimization.

P2 Hospital organizations can not evaluate the perdmica of| (Ramos & Miyake, 2010)

their resources due to the lack of tools that agp m the
decision-making phase.




One of the motivations of the research is the &sireg need for healthcare institutions to
have dashboards to provide assessed informatiaut &t® quality of services provided
to patients (Daley et al., 2013). To this end, thealre managers must have adequate
information available to facilitate productivity msurement, hospitals’ performance as a
whole, the services it provides and the healthpapéessionals (Gordon & Richardson,
2013).

Another motivational point for this research isttieeasuring productivity overcomes the
barriers of organizations reaching internationadtitations, which demonstrates the
importance of the subject. In 2000, the Organirafr Economic Co-operation and
Development (OECD) launched the first documen&lp Bimplify this measurement and

other entities followed suit (Sharpe et al., 2007).
1.2. Objective

In this dissertation the main objective is to depeh dashboard which can provide
information that allows the stakeholders of thepia$ organizations to be able to
perform an analysis, evaluation and monitoring midpiction and productivity KPIs to

support the decision-making process in which thecation of human resources, techno-

technical financiers is concerned.

1.3. Dissertation Structure

This remaining document is organized as followghesecond chapter State of the Art
is presented introducing Theoretical background anthtReal Work. The Research

Methodology is in the third chapter where the mdtilogy used in the research is
explained. The fourth chapter is reserved for priedé®n of the proposal, where the
results of the interactions are presented. Finatlyghapter fifth conclusion serves to

present the main findings of the research, resdanitations,lessons and future work.






Chapter 2 — State of the Art

After the previous process, it is hecessary togues greater detail the themes which
are the foundation of this research. This chaptiipwesent a review of the literature on
the subject. The consultation /research done initd@ture focused on the following

topics:
2.1.Health Industry

The primary objective of the healthcare industrythe constant improvement of the
service provided and a constant concern for thetywaf its users (Henkel et al., 2007).
However, it is one of the most complex sectors, ute high number of stakeholders
and their high number of conflicting interests; example is the characterization of
healthcare: it must be equal, it must offer highliqy and be efficient at the same time.
This need for efficiency entails greater complexdtye to the appearance of different
stakeholders (Henkel et al., 2007). The complesityot only due to a large number of
stakeholders, but also to the amount of data shataduced and that healthcare managers

are generally unaware of its existence (Escrivaadu2007).
2.2.The Importance of Health Information

The provision of quality healthcare requires theoagplishment of the interconnection
of patient information which is found in severatfelient sources and makes it available
to all healthcare professionals and the patiensh(@i et al., 2014).

The increase in data is due to the emergence o than 20 years of electronic storage
of patient data, with HIS being able to store anbsgquently provide information
throughout the hospital's medical history: finaherdormation, laboratory data, and
electronic records of patients, provided that theabtained are of good quality, which
is dependent on how the data is entered into thiesy (Kawamura et al., 2014).
Healthcare executives are provided with a signifiGanount of information to improve
the well-being and the future of organizations, this information underload leads
healthcare professionals to do everything theystauplify the obtaining data (Ashrafi et
al., 2014).

The medical community is known for pioneering ives@al areas and the technological
area is one of them, but concerning improving patare at a therapeutic level, and the
computer systems at the management level of hbgpdanizations do not receive the

same attention (Berler et al., 2005).



2.3.The Role of Information Technology in Health

The primary challenge of ICT’s in the healthcargustry is how this sector is organized
because it is very people-centered, ICT’s are stitlject to some resistance from some
healthcare professionals. Another obstacle thatslGdces is that it is usually introduced
into hospitals organizations as pilot projects hasl not been tailor-made for doctors, and
this is the main argument that doctors use to avoplementation (Berler et al., 2005).
Finally, because of the previous points, mappirgdhta is complex, because the data is
distributed in several places, there are repesti@amd sometimes it is not possible to
obtain a match. However this situation is gradualynging since ICT’s are drawn
towards providing service-oriented solutions (Beetal., 2005).

The organizations have to invest in HIS, diagnostichnology and preventive care
programs, with the aim of achieving healthcare itpaoals (Ashrafi et al., 2014).
Hospitals that use HIS can take advantage of teearmount of data produced in it, as
well as technological development which ensuregtissibility of taking advantage of
the information to offer better care (Kawamuralet2014). The impact of HIS on the
health sector is increasing in areas with finanana human resources, in the other areas
the role of HIS has increased, but in the abseh&E#S) organizations do not fail to play
their role. In order not to lose traceability ofarmation, so that they are not deprived of
the improvement in the quality of the service andlfy do not want to lose the advances
in the service, they rely on software that supptbrésclinical decision (Kawamura et al.,
2014).

ICT’s in healthcare are now seen as an asset tewcmot only the effectiveness,
efficiency and quality of healthcare services, dart also offer transparency of economic
activities and provide real-time information to popt the decision (Mettler & Rohner,
2009).

2.4. The Strategic Importance of Bl and The Role of Dagboards

Nowadays, organizations need to get the most wgate-operational and financial data
to make decisions which have an enormous impatih@meompany, so they need to bet
on BI.

Dashboards, when designed to measure performandceaaked by a business-oriented

Bl infrastructure, will enable healthcare managemneasure performance, monitor KPI



by preventing deviations, understand undesirali@wiers and redefine the trajectory of
the set objectives (Ghazisaeidi et al., 2015).
Dashboards have become more prominent in both ¢aéhhsector and the research

community which addresses this topic (Table 1).

2.5. Production and Productivity
Productivity growth in health organizations is gextly lower than the growth of the
economy as a whole, which is attributed by expeédsmeasurement problems.
Productivity is a critical aspect for the performarof health systems, which can be
defined by the physical inputs used (labor, capaatl supplies) to achieve a certain level
of health outcomes in the treatment of a specifiease (Hill, 2012) ; (Black et al., 2006).
Measuring production and productivity is essentiachieve a more efficient allocation
of resources in a hospital organization (Sharps.e2007). By measuring productivity,
it will be possible to make improvements in thevgsr of organizations, which will not
imply an increase in expenses, but the optimizatgfaesources (Black et al., 2006).
Health organizations need to improve the mechani@nsneasuring and analyzing
estimates to measure productivity, which will impeothe performances of the same
organizations (Sharpe et al., 2007).
The role of the Dashboard has been increasingtimthe health sector and the research
community which addresses this topic. For Dashlm@rthe valuable in decision support
they need to strike a balance between the vispaicés and the information they contain.
This equilibrium is intended to avoid the excessirdbrmation that is not relevant,
providing access only to the crucial information decision-makers (Zhang, Gallagher,
& Goh, 2011).
Dashboards allow reduced time in a manual analysd facilitate the obtaining of
information by a higher number of people, due te #ppeal in presenting the data.
Moreover, the visual design of a dashboard is ardehant factor for its success or
failure. The decision makers need dashboards tp bejanizations in the decision
support phase. The significant challenge is to medeof the visualization to facilitate
the extraction of the information contained in tfashboard (Eckerson, 2012); (Stadler
et al., 2016).

2.6.Dashboards

The role of dashboards is quite broad, spans frelping to measure, monitor and plan

in a multidimensional analysis (Ghazisaeidi et2015). For the dashboard to succeed it

7



should provide more visibility into the criticalesrs of an organization, to help decision-
makers take the necessary steps to keep the oagganion track (Alexander, 2007).

The development of the dashboard should be basedlioifoundations of measurement
performance, helping managers focusing their attendbn problem areas, corrective
actions, analyze poor performance, identify pagtenmd trends and conduct comparative
analyzes between organizations (Ghazisaeidi 2@l5). The dashboards can be divided
into several windows that deal with more detaik=siies and feature specific features and

capabilities which allow data exploration and as&yAl-Hajj et al., 2013).
2.6.1. Visualization

The idealization of the visual design of a dashbasa determinant factor for its success
or failure. The decision makers need dashboartslfwin the decision support phase in
organizations. The important challenge is to mase of the visualization to facilitate
extracting the information contained in the dashd@&ckerson, 2012).

When one develops a dashboard grounded on visahhitpies, it should provide
unambiguous information. The visualizations shawt be prone to misinterpretations,
the information should be consumer-ready to thasdet makers, only so dashboards
can be an added value (Martin et al., 2017).

Dashboards based on visualization techniques atakeholders to an answer to their
guestions about indicators in a given area andgdrigew research which helps to increase
the knowledge base, improve existing indicatorsaed contribute to the emergence of
new indicators (Al-Hajj et al., 2013); (McLeodadt, 2010).

Visualization techniques enable the creation of weata-driven perspectives to obtain
new views of information. The information whichabtained by these techniques allows
the creation of a situation point of a particulesedse both at a local and regional level
(Al-Hajj et al., 2013).

A developed dashboard based on such techniquesldsipravide unambiguous
information, the visualizations should not be pramenisinterpretations, the information
should be consumer- ready to the decision makdyssondashboards can be an added
value (Martin et al., 2017).

2.6.2. Drill Down

Some authors defend that detailing is a featuextfme importance which adds more

value to dashboards. Even when we use the dashtexdmology correctly, “A single

page is rarely sufficient to present all the retev@erformance metrics and therefore the
8



dashboard must have a drill down capability” (Baskeal., 2008) (p.18). Furthermore,
Park et al. (2010) also refer that “The drill domay follow the organizational hierarchy
from the health system to a business unit hospitagrvice, a department and a division,
all the way down to individual practitioners”(p.29®ark et al., 2010).

The drill down technique, when implemented in dasiilis, provides stakeholders with
intelligent analysis because of the level of deately can ensure. They can even produce
a granular level of information through varioushieicues such as filtering and zooming
(Ghazisaeidi et al., 2015). Additionally the ddibwn technique enables the capacity to
analyze indicators, to present answers to the ideasakers questions and to support the
creation of multiple types of perspectives with mar less detail, which enables the
materialization of the big picture for that infortiwen (Gordon & Richardson, 2013) ;
(Santos, 2015) ; (Silva et al., 2012).

2.6.3. Benefits & Disadvantages of Dashboards

Other articles analysis obtained information of #dvantages and benefits that are
pointed out in the articles on the use of dasht®ardhe hospital organizations. Tables
2 and 3 were developed following Webster's conceptrics (Webster & Watson, 2002).
The first column indicates the concept of profidahe second column presents the
statement and reference that support such concept.

The benefits found in the literature were the feilog: Process Optimization,
Information, Performance and Technological. These the areas where the
implementation of dashboards will have greater ichpa



Table 2 — Benefits of Dashboard

Benefits References Number
Process (Stadler et al., 2016); (Ghazisaeidi et al., 20XB):Hajj et al.,
Optimization| 2013); (Providers & Nelson, 2010); (Park et al1@0 (Prevedellg 8

et al., 2010); (Mahendrawathi et al., 2010);(Stadteal., 2016)

'A”;‘;;Os‘;e (Stadler et al., 2016); (Ghazisaeidi et al., 201B):Hajj et al.,|

. 2012); (Martin et al., 2017); (Ward et al., 201@ark et al., 2010
Information
Increased (Shailamet al., 2018); (Gordon & Richardson, 2013); 4
Performance| (Mahendrawathi et al., 2010); (Ward, Marsolo, & éhte, 2014)
Improve .
Knowledge (Al-Hajj et al., 2013) 1
Date

The most relevant drawbacks that were found irBtia¢e-of-the-Art chapter form the
following Formation Needs, Barriers to Technologyuniform Infrastructure and

Present Essential Information.

Table 3 — Disadvantages of Dashboard

Disadvantages References Number

Formation Needs| (Al-Hajj et al., 2013); (Shailam et al., 201§Park et al. 3
2010)

Barriers to (Gordon & Richardson, 2013); (Mahendrawathi et |al. 3
Technology 2010); (Shailam et al., 2018)
Ununiform (Franklin et al., 2017) 1
Infrastructur:
Present Essential (Zhang et al., 2011) 1
Informatior

2.7.Related Work

A survey of libraries and databases was conduotsdlting in a total of 191 articles and
books examined. From this first list a first selectwas made, where 101 documents
were excluded. The motivation for such removal Wwesause 45 documents addressed
the issue of health but did not contain the Dasttbehed, 6 were about Dashboards but
in areas other than health, 20 were duplicates,fiaatly, 30 articles focused only on
KPI's and Balanced Scorecard (BSC).
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After this selection, there were 91 documents diagisas potential articles to be included
in the literature review (LR). In a second analysisarticles were excluded, since articles
speak of dashboards, but the main focus is the KRBsand BSC (18) and not in the
panels. The second selection left out 41 artidlaswere the targets of the last selection
process, which resulted in the exclusion of 12ckesi In them, a prototype is not
presented or, when a prototype of the tool is prtesk the process of its implementation
Is not addressed. That leaves 38 articles rematoiagalyze and set out State of the Art
as can be seen in Figure 1.

The process described above was performed usinipitbering IEEE digital libraries:
ACM digital library, SpringerLink, ResearchGatedé®cienceDirect, the keywords used
for external searches: "Healthcare Dashboards"altHePerformance Dashboards",
"Healthcare and Dashboards", "Performance healtielpd’. The articles are mainly
primary sources (such as 37) and secondary so(geels as 1). The selection of articles
was based on the fact that they contained a profmsaanels to assist decision making

in the health sector.

Articles addressed the
) issue of health but did
Articles Identified by ' not contain the '
the ele(ctrolrgtl:)search |—Excluded— Dashboard (n=45)
n=
Included They talk about panels,
v | but in areas other than
Titles and abstracts Articles rejected health (n = 6)
Excluded—|  screened for ontilesand | |
inclusion (n=90) abstracts
(n=110) Articles were
Articles address KPIs included ™| duplicated (n=20)
without presenting
dashboards (n722) Allicies 'rejected Results and methods
after reading the l;creene d for uded Articles focused only
results and inclusion (n=49) Excluded— »| onKPI'sand BSC
X = - n=30
Articles address BSC methods (n=41) (n=30)
without presenting - y
dashboards (n=18) Included Articles does not
feature any
) prototype dashboard
Articles feature (n=12)
image prototype
dashboard (n=37)

Figure 1 — State of Art selection diagram

After a careful and rigorous LR, 38 articles wemrdested, all of them related to
dashboards in healthcare. Appendix A identifiestasd analyzed articles where only 3

authors wrote more than one article. The authorgigstion are: Jim Ryan (Ryan et al.,
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2013, 2017) and Manuel Barrento (Barrento, 20 3riento et al., 1997) with 2 articles
each and Samar Al-Hajj (AI-HAJJ et al., 2012); (Adjj et al., 2013); (Al-Hajj, et al.,
2013) with 3 articles. Both Jim Ryan and ManuelrBato articles have some temporal
detachment, while in the case of Samar Al-Hajj, diarticles are complementary and
inserted in his research.

In Table 4 it is possible to check the most usegMoeds that appear in articles, the
criterion of inclusion in the table was to appeadior more articles. Due to the number

of articles in this review, a total of 132 distitketywords were obtained.
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Table 4 — List of keywords per article

. No. of
Keywords Articles Articles
(AI-HAJJ et al., 2012); (Al-Hajj et al.,2013); (Fidin et al.,
2017); (Ghazisaeidi, et al., 2015); (Gordon & Ricisan, 2013)
(Martin et al., 2017); (Presthus & Bergum, 2015hdilam et
Dashboards al., 2018); (Zhang et al., 2011); (Daley et al120) 17
(Mahendrawathi et.al, 2010); (Barrento, 2016); (8sn2015);
(Hain et al., 2012); (Park et al., 2010); (Barregit@l., 1997);
(Ryan et al., 201
(Ghazisaeidi et al., 2015); (Presthus & Bergum5301
Healthcare | (Providers & Nelson, 2010); (Stadler et al., 201@)ard et al., 9
/Health care| 2014); (Zhang et al., 2011); (Daley et al.,201Bpraldson et
al., 200%); (Miniati et al., 2014
Hospitals (Daley et al., 201_3); (Donaldson et al.,2005); (Heti al., 2012);
IHospital (Mahendrqwathl et al., 2010); (Mallak, 2009); (Modeet al., 9
Units 2010); (Miniati et al., 2014); (Park et al., 201(Byan et al.,
2013
Decision (AI-HAJJ et al., 2012); (Al-Hajj et al., 2013); (ﬂklin et al.,
Making 2017); (Mallak, 2009); (Park et al., 2010); (Prearsl & Nelson, 7
2010
Business (Barrento et al., 201_3); (McGlothlin et al., 201@resthus &
intelligence Bergum, 2015); (Providers & Nelson, 2010); (Ryaalet2013); 7
(Stadler et al., 207); (Zhang et al., 201
Data (Arinze, 2014); (Franklin et al., 2017)_; (Mahendedhi et al.,
visualization 2010); (Mattingly et al., 2015); (Providers & Nets@2010); 6
(Zhang et al., 201
Data (Egan, 2006); (McGlothlin et al., 2016); (Park et 2010); 4
(Providers & Nelson, 201
Quality (Gordon & Richardson, 2013); (Jha & Epstein, 20{Rnronios 4
& Gao, 2011); (Perror et al, 2017

The table in Appendix B shows the distribution dfckes by the various newspapers and
Conferences and Proceedings. You can check outitresity of newspapers and
Conferences and Proceedings which publish artfolssing on healthcare dashboards.
In this table, we can verify that there are two feoences and Proceedings that have more
than one article. Being Iberian Conference on mmigiron Systems and Technologies and
Hawaii International Conference on System Sciemats2 and 3 respectively.

Still on the Journal and Conferences and Procesdidgpendix C we can draw other
conclusions from 38 articles selected. We find thase were published in 18 newspapers

and 17 Conferences and Proceedings, which malaalat 35 publications.
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In the Journal distribution and Conferences anad&gdings by country we also find that
the USA is to no surprise the country with the masurnal and Conferences and
Proceedings and the only one that has both JoantaConferences and Proceedings.
Another point analyzed was the distribution of@ets by the research period stipulated
for this review, which was between 1997 and 201Rickv appears in the table in
Appendix D. We can conclude that in 1997 (Barresttal., 2013), there was already a
concern in the comparative analysis between hdsptganizations, more specifically
between the emergency departments. The researatowdscted in Portugal and focused
on Bl and the creation of a dashboard to compaseited emergencies. Another item to
keep in this table is the growing evolution of @es on the subject from 2010 to 2017,
with the exception of 2011 with an article (Zhagtal., 2011).

Also, in Appendix D, there is a column of citatiomkere the relevance of the articles is
highlighted and the pertinency of the dashboaresthin healthcare is shown. The Focus
column lists the information and also lists theomfation area for which the dashboards
were developed. It should be noted that of ther88les, one of the articles deals with
productivity and 4 with performance. However, thisluation does not have the same
scope as we intended to give in our research.

From Appendix D one can verify that only 33 artsckeom the total amount of thirty-
seven describe in which country the research waigedaout. From those twenty-six are
from outside of Europe, and only seven are fronBhepean continent. We should note
that the overwhelming majority of studies are fribra USA (20 articles) and that Portugal
has four articles.

In Table 5 the concept-centric of the LR of theeggsh is presented, where the survey of
the areas where the proposals of dashboard areimeoleducted, the articles presenting
images of the prototype of the proposed dashbotrésyticles that present and are based
in the development of dashboards in the BalancedeSard, which articles address the
possibility of performing information drilldown andvhich articles implement
visualization techniques.

In the first vector, it is pointed out that thertiiseven articles present the dashboards for
fourteen different areas. The majority were devetbjn a global perspective of the
hospital organization. It should be noted thatskodjy, emergency and surgery are the
departments where there is an investigation ooperdnce improvement and analysis of

quality of service.
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In the vector of the display of a dashboard, faregle, it is possible to verify that only
4 articles do not present an image of the propdsstiboard. The remaining 33 articles
present images of the proposals of dashboardsolti@ be noted that in these 4 articles,
the article of the literary review is included, whiis easily understandable that there is
no image of the dashboard (Ghazisaeidi et al., 2015
In the vector of the BSC it is possible to verifyat only five articles develop the
dashboard following the BSC defined strategy, beimgt the indicators which are
presented are divided in the four perspectivekisfdne. However, it cannot be said that
the other articles presenting dashboard proposalaa based on a balanced scorecard,
only this information is not presented in the deti©ne of the articles that addresses the
subject of the BSC is a LR article, which is dué tacthe use of BSC in the body of the
article, but there are primary articles presenh@LR that are based on the development
of the dashboard in the BSC strategy (Ghazisaemli,e2015).
The articles reviewed only thirteen articles thesttlire or talk about this functionality in
their dashboard. According to Park et al. (Park.e010), the drill down is a feature of
extreme importance which adds more value to thbluzsd:
Baskett asserts in her article Using the dashbtetthology properly that “A
single page is rarely sufficient to present allélevant performance metrics and
therefore the dashboard must have a drilldown alydlgas cited in Park et al.,
2010). “The drill-down may follow the organizatidri@erarchy from the health
system to a business unit hospital, a service partteent and a division, all the
way down to individual practitioners” (p.295) (Batket al., 2008).

To finalize, the last vector to be analyzed is\tseialization, which is another element
that helps to assign value to the dashboards eidiance (Garcia, 2014) to address this
problem: "Information visualization, which is a mif@station of the Information Design
field, means a process in which the goal is tdifate the understanding of a large amount
of data, revealing similarity, order and proportbty relation ships underlying it"(p.1).
Of the present, 90 articles deal with data visadilin, which demonstrates the validity

of this vector.
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Table 5 — Concept Centric - Dashboard Healthcare

Heil:ggare Articles dg'ssh%g? d BSC oIIDOr\I/:/In Visualization
(Daley et al., 201. [ °
Clinical (Dixon et al., 201+« °
(Mattingly et al., 201¢ [ °
(Koronios & Gao, 201( °
(Martin et al., 2017 [ [
Emergency | (Franklin et al., 201" ° ° °
Department | (Ward et al., 201- ° d
(McLeod et al., 201( °
(Barrento et al., 199 ° °
(Ghazisaeidi et al., 201 ° °
(Nelson ,2010 ° ° °
(Mahendrawathi et al., o o
2010
(Stadler et al., 201 ° °
(Presthus & Bergum,
Management| 2015 * * *
& Logistics [ (perron et al., 201 o
(Zhang et al., 201 [ [ [
(Arinze, 2014 [ [
(Jha & Epstein, 201 °
(McGlothlin et al., 201€ ° ° °
(Mallak, 2009) °
Information | ;2 et al., 2012) .
systen
Pneumology| (Alharbey, 201¢€ °
Department | (Santos, 201! ° o
. ( Gordon & Richardson,
Nursing . °
Department 2013
(Donaldson et al., 200 ° °
(Egan, 200¢ °
Surgery (Miniati et al., 2014 °
Department (Park et al., 201! [ [
(Ryan et al., 201. ° ° °
(Ryan et al., 201 [ ° °
ngglr?rtrr]gr (Hain et al., 2012)
(Al-Hajj et al.,2013 ° ° °
Public (Al-Hajj et al., 2012 ° °
healthcare | (Al-Hajj et al., 2012 ° ° °
(Barrento, 201¢ °
. (Shailam et al., 201 °
Radiology .
Department (Georgiana et al., 201 °
(Prevedello et al., 201 ° ° °
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The article by Hain (2012) that addresses the subjfethe Pediatric Department is only
a state-of-the-art article but has neither dashtbpegsentation nor BSC nor visualization
techniques and drill down, however it focuses aydpctivity.

In Appendix E, the result of the analysis of thigckes that compose the state of the art is
presented. The vectors that are analyzed in thie e the macro objectives of each
article and the results obtained. As it is eviddm, macros objective of the articles is to
increase the availability of useful information d$takeholders so that they can make
decisions as safely and quickly as possible. Beecomplished using the dashboard that
is developed based on the most relevant KPIs aidgtaadvantage of visualization
techniques and drill down will allow obtaining hmgh efficiency results, better
information sharing, shorter analysis time and genince improvement of hospital
organizations.

Appendix F presents the limitations, contributicensd future work proposal of the
analyzed articles. At the level of limitations,aade part is related to the fact that the
articles were only about fictitious scenarios, sz of the sample of the information that
the dashboards received, the difficulty in genenadj the results obtained, data quality
issues and the fact that studies are carried oat @gepartment or only in a hospital
organization. These are the main limitations in@didan the study. The limitations listed
up surge future proposals which call for the camiion of studies which will help
improve and analyze the role of dashboards in talspiganizations. It demonstrates that
the scientific community longs for further studms the benefits of dashboards. At the
level of contributions, they are in a general wageanonstration of the benefits of
dashboards and their role in hospital organizations

2.8. Literature Review Synthesis

The state of the art demonstrates that the headhirsiry is complex to the level of the
dynamics existing within and form of this, and tb@nplexity gives rise to barriers that
often triggers difficulties in obtaining informatidrom the high number of data. Such
data, when treated and analyzed, is of value fepital organizations, helping to raise
awareness for these organization’s needs. As deiar, the role of HIS in hospital
organizations is increasingly influential and urgcéable for improving decisions. The
dashboard is a tool that can be useful to proidertformation in a transparent and easy
to analyze form and accelerates the phase of ttiside process. In the economy as well
as in hospital organizations the concern with tfmglpction and productivity areas is to
17



have a greater prominence. The use of dashboalusganeet this growing need is an
even better bet supported by visualization and dolvn techniques that provide an
ability to both optimize analysis and the possipitif deepening the information needed.
After the State of the Art presented, two deficiesavere identified: the literature lacks
panel proposals that allow a production and pradigtanalysis per hospital and there
are no production and productivity panels whichlude detailing and visualization

techniques.

Based on these findings, this research intendsitbaavaluable panel to the body of
knowledge to be discussed and analyzed by thetsmemmmunity, as shown in Table

6.

Table 6 — Contribution of the current dissertation

Displays Drill
HealthcareArea Articles dashboard | BSC down Visualization
example
Management & | (Pestana et al
[ J [ J [ ]
Logistics 2018)

When analyzing the literature, there is an ared ihanot so detailed and needs a

contribution, which is the measurement of hosgitaduction and productivity.
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Chapter 3 — Research Methodology

The Research Methodology adopted in the researstD@sign Science Research (DSR).
This methodology premise is to design, build andl@ate the dashboard we intend to
develop. When the research aims to expand theslimft human capacities and
organizations, to create new artefacts invoking thesign Science Research
Methodology (DSRM) it is the right choice (Hevndrat., 2004). In contrast to other
paradigms of research, this one stands out assttty develop and obtain artefacts which
make it possible to buy the effectiveness of thishie real world (Peffers et al., 2007).
The approach (DSR) would include three elementsceptual principles that help define
the DSR, practical rules for DSR impersonation pratedures to perform and conduct
research (Peffers et al., 2007). The applicatioD®R process in this research can be

seen in Figure 2.

i ! [ l
Problem Identification Definition of Solution Design and : i icati
wxd Motiention a1l Obiocive Devel%pmenl Demonstration Evaluation Communication
Hosp{tal ) Develop and Design Science The proposed Conducting
organizations do implement a Research dashboard was semi-structured
not have tools to dashboard that principles populated with interviews
analyze production| | provides key Design Science | |real information ‘
and productivity information to Research from a hospital Feedback from Submission of
!nfOf mation to support the Guidelines information the experts scientific articles.
Improve access 1o | | gecision-making Select a tool for which allows a allows an
services. process of health | _[dashboards. more realistic evaluation of the
™ professionals. | analysis. prototypes N
Managers do not Research and importance
have access to analysis of the Allowing utility, inno\;alion
product!op and best techniques respondents to accur'acy and '
pdeUCl'Y'ty of visualization compare with efficiency.
information to and NHS existing NHS '
optimize resource dashboards. dashboards.
allocation.
Chapter 1 Chapter 1 Chapter 3 Chapter 5
11 Pr(_)blgm and (1.3 Obijective) (Table 8, 9, 10 and Chapter 4 Chapter 4 (5.1 Contributions)
Motivation) 11)

.

'

'

L

Possible Research Entry points

Figure 2 — DSRM Process Model Followed
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The principles of DSR are grounded in the engimgerof artificial things, and
information systems (1S) are a perfect exampleri@al systems when implementing
the goal is to increase the efficiency of the oigation (De Sordi et al., 2013). For this
reason, the authors follow the principles presefitable 7.

The principles alone are not sufficient to justitye added value and consequent
applicability that is useful in design science, we also follow the DSR guidelines
proposed by Hevner (Hevner et al., 2004). Tabledvs how this research matches the

seven DSR guidelines.

Table 7 — Design Science Research principles

DSR Principles | Explanation

Abstraction The research consists of the development of dastibda monitor the
information obtained from the operation of a hadpiinit with the
mission of being able to support the various staldrs in the decisiop
phase. Thus, the authors follow indicators from Maional Health
Service (NHS), which is the entity by which the tlguese
Government regulates health in Portugal. The dasldbeas validated
in a large Portuguese hospi

Originality The proposed artifact with a macro perspectiveogpital organizationg
that is not in the body of knowledge (Bo
Justification The justification for the panel is based on thehnods proposed for its

evaluation. Qualitative interviews were conductedthwhealth
specialists and with some of the main stakeholdérthe proposed
artefact. With this contribution it was possible itoprove several
aspects and add value to the arte

Benefit The development of dashboards which allow obtairimg single
location the macro production and productivity imfation of a hospita)
organization that allows decision makers to obtaaful information
so that they can make the right decisions in alyimieanner. This addef
value can help improve the performance of orgaitiaa

The use of colors in a dashboard can be a pludobdiis to happen it is necessary to
know the rules, to understand what helps to trangraiinformation that harms, in that

sense there are 9 rules that must be used andtackih Table 9.
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Table 8 — Design Science Research Guidelines (Sa20d5)

Guideline 1: Design as an Artefact

The artefact proposed by tresearch production dashboard and productiv

Guideline 2: Problem Relevance

Need to have a dashboard on production and praitydtiat allows an analysis of each
hospital organizatic.

Guideline 3: Design Evaluation

Semi-structured interviews.

The evaluation made by health professionals whaldhme able to extract the information
useful for decision making, which allows to carryt the evolution of the artifact and to
attribute credibility and importance tc

Guideline 4: Research Contributions

Development of an artifact (dashboard) that allawsacro analysis of a hospital
organization that is not yet present in the bodgrmiwledge

Guideline 5: Research Rigor

The main principles, practices, and proceduresSR vere adopted, to increase the
credibility of the artefact and the consequent gbuation of the research.

Stephen Few guidelines practical Rules for Usinp@ain Charts.

Gestalt theory and forming principles of visualqegtior.

Guideline 6: Design as a Search Process

The result obtained is the departure from unknd@ambination of good visualization
practices and other relevant guidelines for prqetgevelopme.

Guideline 7: Communication of Research

Plus, the submission of the article to a journaifecence with high credibility and respect
in the scientific community.

The principles of Gestalt's visual perception lelpnderstand which elements are crucial
and which are not for the transmission of informatand which elements are pollution
and / or accessories (Knaflic, 2015). Next, theaifigiples of Gestalt Theory of visual
perception coaches are listed in Table 10.

In the evaluation phase of the proposals a quesdion was to be carried out, the
questions that are in Table 11 do the same, arfdtivim it was possible to obtain the
positive aspects, the negative and the proposerbiraments.

The information we collected from these issuesres@nted in Tables 15, 17 and 19.
Table 12 demonstrates the structure of the talblis.i$ made up of 4 columns and 3 rows
which are the pros, cons and Proposed Improversent®ns. The first column identifies
the three sections indicated above. In the Propdiséive aspects of the dashboards are
presented, in the perspective of the interviewkethe Cons, the negative aspects of the
dashboard are presented according to the intere®ward finally, the section Proposed
Improvements is where the enumeration of the praljgas made, and these can be done
by the interviewees or even by the author. Thersgoolumn is ID where you identify
each aspect of the sections. The third column sdovpresent the aspects of the synthesis
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of what was obtained from the interviews. The fbudlumn is where the idea that the

interviewee has of each point in this table is nésd.

In each evaluation of the iteration a table is @nésd with the proposed improvements
made by both Stakeholder and Author.

Table 9 — Rules for Using Color in Charts (StepRew2006)

or

Rule Description of rules

Rule 1 If you want different objects of the same coloanitable or graph to look the
same, make sure that the background—the colosthedunds them—is
consisten

Rule 2 If you want objects in a table or graph to be gasdlen, use a background co
that contrasts sufficiently with the obje

Rule 3 Use color only when needed to serve a speommunication goal.

Rule 4 Use different colors only when they corresponditieences of meaning in
the date

Rule 5 Use soft, natural colors to display most informatémd bright and/or dark
colors to highlight information that requires gesaattentior

Rule 6 When using color to encode a sequential range afitifative values, stick
with a single hue (or a small set of closely raldtaes) and vary intensity from
pale colors for lower values to increasingly darked brighter colors for
higher value:

Rule 7 Non-data components of tables and graphs shouliisptayed just visibly
enough to perform their role, but no more so, faressive salience could
cause them to distract attention from the

Rule 8 To guarantee that most people who are colorblimddéstinguish groups of
data that are color coded, avoid using a combinaifaed and green in the
same isplay.

Rule 9 Avoid using visual effects in grap!

Table 10 — The Gestalt principles of visual perimapt

Principles | Description of the principles

Proximity Objects that are physically close are perceiveal gup due to their
closeness (Few, 2006).

Similarity Objects that have any of the following charactasssuch as color, shape, si
or orientation are presumed to be realigned ornoeko a group (Knaflic
2015.

Enclosure Objects that have any of the following charactasstsuch as color, shap
size, or orientation, are considered to be relatgzhrt of the same group (Fe
2006.

Closure Graphs without borders, without shaded backgrouedso perceived as
complete Nussbaumer Knaflic guidelines visualizatiénaflic, 2015).

Continuity | This principle is very similar to that of the Cleswhen an object is
analyzed, the human eye seeks the smoothest arichatosal way, creating
continuity as far as this continuity can exKnaflic, 2015.

Connectiol | When objects are interconnectheycreate an idea of a groi(Few, 2006.
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Table 11 — Key Evaluation Questions

Questions

What are the negative aspects of the proposed dasti

What are the positive aspects of the proposed dasti!

What improvement proposals do you intend to maganding the proposed dashbos

Table 12 — The Prototype Evaluation table structure

ID Interviewee Interviewee Opinions
synthesis
Pros - — -
Cons — — —
Proposed _ _ _
Improvements

Table 13 presents the structure of Tables 16, #i®anwhich is composed of 6 columns:
the first column is the ID that serves to idengfch improvement; the second column is
where a summary of the interviewee appears. The ¢biumn is used to classify the type
of improvement. It can be classified as visual@atinformation and navigation.

These three types are essential elements in alpoas, the visualization is one of the
most important elements in the dissertation. Thsualization techniques allow
stakeholders to answer their questions about italiean a given area and trigger new
research that helps to increase the knowledge mapeyve existing indicators and also
contribute to the emergence of new indicators (AJjk¢t al., 2013); (McLeod et al.,
2010).

Another very important element is the informatiomene the stakeholders are information
consumers, this element is of extreme importanueesihey make decisions and change
the strategies based on the presented informatlogyeira, Paulo; Martins, José; Rita,
Francisco; Fatela, 2017).

Finally, the element is navigability which has te toeated very carefully so as not to
create an exaggerated overload of components, misné@d tabs to dashboards, they
should only provide and be used to facilitate theaessary navigation to the dashboards

without making it too confusing (Karami et al., 201
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Table 13 — Improvements table structure

Iteration
Pl | Proposed improvement e Implemented? bilne .
improvement suggeste(Figure
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Chapter 4 — Proposal and Evaluation

The proposed dashboard was the subject of anivteSR process, using four semi-

structured interviews with health professionallEaterview resulted in a DSR iteration

that helped validate, consolidate, and improveddghboard. Table 14 aims to present
the interviewees who contributed in this procedkth® interviewees have more than 20
years of experience in the health area. In additiois experience is not restricted to a
hospital organization or just to one sector, therinewees, for the most part, have

experience in both sectors.

In average the interviews lasted 1:30, these wigrdatl in two phases being the first part

dashboard presentation and navigation and the dgzamh the phase of response to the
questionnaire. This questionnaire consists of tissedtation and three questions are

presented throughout this section Table 11 andesteare in Appendix H.

4.1.First DSR Iteration

By following the DSR methodology | performed 4 #&gons to improve the prototype.
This was filled with information from the hospitahere the interviews were conducted.
In this section, | provide the main information abthe three phases of each iteration:
the proposal, demonstration and evaluation.

Using real information from the hospital organieatiallows respondents to be more
familiar with the data and to be able to assidtuiiding a useful dashboard to improve
decision support.

4.1.1. Proposed Dashboard

To develop the panel, it was necessary to perfaweral steps that are distributed in
three phases. The first phase consisted of a wseard analysis, followed by the
processes of extraction of load of transformatiéml() and finally development of the

dashboard was done, as can be seen in figure 3.
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Table 14 — Data of the interviewees

Years
Years of |experience Post-
| DS.R Gender | Age | Department Role experience in the _Numbc—;r 9 Public | Private | Graduation Graduate
teration ) : institutions e
in health | hospital Habilitations
unit
Planning,
Studies, AnalysisSuperior - Human
1 Female| 44 ’ . 23 10 3 2 1 |Resources - Labor Law
and Managementechnique
. Management
Control Servic
- . - Human .
2 Female| 41| Surgery Area Admlnlstratlve 20 11 3 3 0 |Resources - Hogp_ltal .
Hospital Administration
Managemer
Planning - Nurse - Management
Studies :AnalysiSService - Computer of Health
3 Female| 51 ' : 30 8 7 6 1 |Science and Services
and ManagemenDirector : X
. Business - Business
Control Service - ,
Managemet Administratior
Information -Bachelor of
4 Male | 54 |SYStems IT Director 36 8 4 4 o | Lomputer Engineering in
Management Science Computer
Service Scienc
Total
109 37 17 15 2 N/A
Average 27,25 9,25 4,25 3,75 0,5
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4.1.1.1. Research and Analysis

The research and analysis phase were dividedwdg@arts. The first part was devoted
to researching and analyzing the existing supplgashboards for health organizations,
and make sure that information was public. Thatvedd the creation of dashboards
without any dependence on a permission to usedtaevehich could provoke delay in the
development of proposals. By creating a dashboeodgsal for the public data allows
the development and demonstration of a dashboasthilowing to demonstrate the value
of the same which, in turn, will allow for a greatgening of hospital organizations in
the process of access to data that are not puble future work of evolution of the
proposed dashboard.

Then a survey on visualization techniques was doralidate what best practices in this
area and to verify if these techniques are alré&ilyg used in health organizations. After
validating the question of the data level of avalley, a more exhaustive analysis was
made to the NHS site to see which KPIs are reltgaoduction and productivity. The
Portuguese State has tried to make health dat@msparent as possible, both for the
average user and for the healthcare professiomalth® site there was a page named
Transparency, where you can find all the data aRt$ ikhat are contained in the pages of
monthly monitoring and benchmarking, as well asl@axations about them.

Information on the NHS website is provided by palblospitals on a quarterly basis. This
information is used both in monthly monitoring andmany data implemented almost
directly, without great recourse to ETL. Monitorimgformation, in turn, is used in
benchmarking, that is, the current KPIs are crebésad on the indicators in the monthly
monitoring.

The data present in the proposed dashboard warected from the monthly monitoring.
On this page there are 4 more segments, but apre@susly justified in the State of the
Art, the segment that shows a gap in analysis tay sind that organizations need a tool
that helps in the analysis of production and prdigtity.
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4.1.1.2. ETL process

In the ETL process phase the data of productionpaaductivity of the site NHS was
extracted. The data used to construct the propaasttboard were obtained directly from
the NHS website on the Transparency page, whéseissible to download the data in

several formats, the format chosen was xIs.

Research and analysis »| ETL Processes |——| Development dashboard
A A
/ \ e e N\ e N\
Extraction of . ¢
NHS Cre:gsvn 0
; roductivi
Search for Analysis of P d:t ity measures
dashboards of NHS dashboard 2
health segments and
organizations KPI's segments + v
—P e ; Application of
Analysis of visualization
Study and Monthly expoitad Gata techniques
research of monitoring
visualization
techniques Hospital * *
benchmarking
Importing Dashboard
| — NHS data for design
application definition
Selection area
and segment

Figure 3 — Proposal Development Workflow

An analysis was made of the xIs files obtainedalidate their structure and verify what
data exists and their connection. The files hakeyacomposed of date, institution, area,
and location, and sometimes there is a speciatiaddi field. It was necessary to make
some adjustments to the data to standardize itha&othe process of developing the

dashboard would be as automated a process aslpossib

4.1.1.3. Development Dashboard

The In the development phase of the panel, new unesisvere created based on the
indicators included in the exported files on theSSMebsite. Then, graphic choices and

other aspects related to visualization techniquesewmade and according to the
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following guidelines in section 4.1 Guidelines. &g, the layout of the graphics and

information on the panel was done.

41.1.4. Guidelines

The use of colors in a dashboard can be a pludpbthat, you need to know the issues
related to color perception and follow rules thatphyou convey the information. To
achieve a dashboard according to good color pectiome rules must be used and
followed in the proposed panel, and these rulespeesented and explained in books
(Few, 2006); (Wexler et al., 2017).

Gestalt's principles of visual perception helpnderstand which elements of training are
crucial to the transmission of information and whelements are pollutants and / or
enhancements. Several authors approach theseptemevhich can be studied in more
detail in one of the following works (Few, 200@Wexler et al., 2017) ; (Knaflic, 2015).
For the first iteration, a panel was created ingraduction and productivity segment of
the following areas of surgery, internally, extéroansultations and emergencies. The
segments present in the dashboard are definedl@cr@e-law by the Portuguese State
and are used by the NHS in the benchmarking artdeirmonthly monitoring that this
entity provides to hospital organizations. The dedatained in the dashboards are
referring to the hospital organization where weemer carry out interviews. It allows a
premature familiarization of the interviewees wiltle data and get faster evaluation of

the value of the proposed dashboards.

4.1.2. Demonstration

To demonstrate that the artefact developed carppked in a hospital organization, it
was populated with the information of a real hagdmtganization so that the interviewees
could provide a more accurate evaluation. The ptasen of the panel serves to present
the artefact both in terms of navigability, preséion of information, types of graphics
and functionalities that allows a more detailedlygsia of KPIs. In Table 11 it presents
the main issues that contributed to the evaluadiwh improvement of the artefact. The
remaining questions answered by respondents caedrein Appendix G.
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At the level of the dashboard structure, it is diéd into three types of principal and
applied views whenever the data foresee, annualthityoand target. These perspectives
are presented whenever the data allow. In the rhop#tspective Figure 4 it is possible
to verify that it is divided into two headers anetall areas, being that in the header is
where the title of the segment that is being viewetdrn button and filtering per year is.
The detail area is divided in two, and on thedefe we have the KPI's with annual values
and compared with the homologous year, and onigine side we have the graphs with
the monthly distribution of KPI's and other anaby¢hat can be used by the decision-

makers. Also, in these graphs is the comparisauwént year with the homologous.

Year
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31 (-6.6%)
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Figure 4 — The monthly perspective of external appeents — ¥ Iteration

In Figure 4, it is noticeable that the authorsdeed the subsequent principles of Gestalt:
Proximity, Similarity, Closing, and Connection. Beeforms are also followed in the
views (Annual and Target). Throughout the dashbdaedyuidelines of the colors rule,
being that rules 4 and 5 are the ones that stanhchore whereas the colors only change
for different subjects and the use of more attvaatolors for the KPI's. In Figure 5 when
referring to the annual information, the color glides are also visible.
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Finally, the separated from the target Figure 6aghonly those indicators that have a
defined goal in the contract program (annual agesgmbetween the Portuguese State
and the hospitals where the levels of economicfewahcial assistance that are assured
by each hospital are defined).

The dashboards are idealized in the light of thieejunes we mentioned before at the

level of organization and distribution of infornti as well as at the choice of graphics
and color choices. Its primary objective is to pdevready to use information for

decision-makers.

@ External Appointments Data per year
Total Medical Appointments % 1st appointments in total appointments
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Figure 5 — The annual perspective of external apoents — % Iteration
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@ Annual Target of External Appointments
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Figure 6 — The Annual Target of External Appointteent! Iteration

4.1.3. Evaluation

After the first presentation / interview, the folling feedback was obtained: 3 positive
aspects, 2 negative ones and 4 improvement prap@sashown in Table 16. The positive
aspects are related to the easy analysis and tatsnlof dashboards due to the way of
presenting the information, the choice of graplils® helped make dashboards easy to
read. Another point praised is that the dashboardsosed only to present data of the
hospital organization which allows to have a cleaea and focus of the organization.
The negative aspects are related, on the one hatite organization of the information
that was not in agreement with the logical distiiiiruof KPI's and on the other hand with
the choice of background colors that sometimes mdldifficult to analyze the graphs’
information.

At the level of the improvement proposals theseeasentially of the information type,
and of visualization, all these improvements argeqgpertinent to be able to present a

more user-friendly dashboard.

4.2.Second DSR lIteration

After carrying out the analysis of the feedbackhd# first interviewee, all the aspects
indicated by the interviewee present in table 16eweeighed and along these sections a

presentation and explanation were made.
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4.2.1. Proposal

In the second interaction, the data was updatékaddhe interviewees could validate the
dashboard with the actual and updated data, theoirement proposals made by the first
interviewee were implemented. The improvement psafware presented in Table 15,
which helps to have a synthesized view of the im@naoents. As it is possible to verify

the 4 improvement proposals that were implemented of point 4.2.2 Evaluation, see

more in detalil.
Table 15 — Proposed improvement prototypé'ketation
. Type = Who ,

Pl Proposed improvement improvement Implemented suggested? Figure
“Creation of KPI's graph
that allows the

P11.1| comparison of the curren| Information Yes Interviewee 7
year with the
homologou.”
“Improvement in the
organization of the

P11.2 | information of KPI's plus| Information Yes Interviewee | 7,8,9
macro for the more
micro.”

PI1.3 Changing the graf)hlcs Visualization Yes Interviewee | 7,8,9
background color.

PI1.4| Big Picture Building Information Yes Author 10
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Table 16 — Evaluation of the prototype tkration

ID Stakeholder synthesis Stakeholder Opinions
The dashboard is useful and easy to The proposed dashboard has the advantage of Haimtpagpresent data from the various
P1.1 | read as it allows an overview of the daja . . . : . .
_ segments. This advantage is very useful for anadyiziformation and making decisions.
" of each segmen
09_ P12 “The choice of graphics components i The choice of graphics is beneficial because tledy reading the information, provide a quidk
' well achieved.” analysis of the information, there is no pollut@mmunnecessary elements.
P13 “The information on the dashboard only The fact that the dashboard presents informatiam fone hospital organization was praised
' concerns the hospital since it allows a more focused analysis to thertpgdion
“The data present in the dashboard The organization of the information is not veryugendly, the information present in the
Cl.1 P : dashboard should be presented from the most genefa most specific, from the most to the
should be organized from the more . . . o . ! -
) e less comprehensive, with this organization the aaaroptimize the reading and obtaining of
c general to the more specific. . )
o information
© “The background color of the graphics
C1.2 . An aspect that causes some difficulty when anafyaimd reading the data is the chosen
should be changed to improve the back d col . X h ity simil
reading. ackground color, since in some cases the cokligistly similar.
“Creation of a graphical component of [ Create a graphical component of KPIs that allowctiraparison between the current year and
%) KPIs that allows the comparison of the| the corresponding year, as well as the currentgearTarget showing the values of both ang
€ | PI11 ; ) i b . .
o current year with the homologous, as | the difference between them. This would allow a parative analysis to give useful
g well as the current year and the target{’information and improve the perception of the gitwraof these KPlIs.
3 “Improvement in the organization of the To organize the KPIs in order to facilitate readitigere are KPIs that are composed of morg
g | PI1.2 | information of KPI's plus macro for the| than a KPI's, which are more comprehensive, an&Bis that make up the KPI must be
E more micro. presented in this way, and the reading will be nfiid.
] " . , One improvement that | suggest implementing is ghmnthe background color of the graphpg
§ PI11.3 CCOrga:rlglng the graphics background so that there is no difficulty in analyzing theanhation and also some confusion at the time of
9) ' analysis
a The Big Picture is a feature that helps to givereerall picture of the state of an organizatipn.
P11.4 | Big Picture Building The big picture allows you to get a global pictaferoduction and productivity and in case you

need the drill down on the dashboards for moreild(Zhang et al 2011
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4.2.2. Demonstration

In Figure 7 we can check the changes made to imgierRI1.1 To implement the
requested enhancement, it was necessary to iastelv graphic component that would
allow this analysis. It was necessary to implentieaiGestalt closure principle in the KPI
column, as shown in the figure, to perform a separdetween the components and KPIs
that present the comparison between year N and\rdaand the component that presents
the comparison between the year N and target. Tiorpe the comparison of how we
were, we can refer to Figure 4, where you can lsaethere is a graphic element that
presented information of each KPI. This componeas wonsidered interesting, but an
improvement was asked for. In the graphic compopnéiPI's that are located on the
left side of Figure 7, you can see three Gestaticpies of visual perception which are

Proximity, Similarity, and Enclosure.
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Figure 7 — The monthly perspective of external appeents — 2 Iteration

The implementation of PI1.2 deals with the logiedrganization of the information of
the KPIs, this organization aims to make the KPtarammprehensive for less. To see an
example of this change we can see in Figure 7ethdtrand see Figure 4 from First DSR

Iteration to have a greater perception of this glean
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P11.3 is related to background color adjustmemtg;igures 7, 8 and 9 we can see the
implementation of this improvement. The backgroeotbr is darker. To achieve this
color only a change was made in the percentageaosparency. As can be seen in
comparison with Figures 4, 5 and 6 from First D&Raltion, it did not cause visual loss,
quite the contrary, this adjustment made it posstbl improve the visualization and
increase the focus on the data. It is in line widlod practice, namely rule 2 of Rules for
Using Color in Charts (Stephen Few2006), whichhsa in Table 9.
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Figure 8 — The annual perspective of external appoents — 2 Iteration

The PI11.4 refers to the Big Picture and it is agesgjon of improvement related to the
possibility of giving a general perspective of tbar segments that appear in the panel.
The Big Picture contributes for the stakeholderfhidawe a sense of the alignment and
commitment that their goals should have for thermapment of the hospital organization
(Voelker et al., 2001). Figure 10 presents the fireposal with the strategic KPIs of each

segment.
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Figure 9 — The Annual Target of External Appointtaen2® Iteration
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Figure 10 — Big Picture —" Iteration

4.2.3. Evaluation

After the second interview the result was 3 posi@spects, 2 negative aspects and 4
suggestions for improvement, as shown in TableTh@. praised aspects are related to
information visualization issues which are a plampared to NHS dashboards.

The negative aspects are related to informatiom #woe second interview feedback what

was pointed out is that the macro information wapartant, but there should be the
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possibility of having access to a more micro visitanobtain detailed information at the
department level, service and health professional.

The proposed improvement to meet the negative @speainted out and only
implemented the proposals for more emergency irdtion and the question of

navigability.

4.3.Third DSR lteration

With the feedback analysis of the second intervesveeweighting of the improvement
proposals was made with a view to their implemamtat Throughout this section

explanations and images of the improvement propasgllemented will be made.

4.3.1. Proposal

In the third iteration, the data contained in theg were updated so that the interviewee
could perform an analysis with real data. The psap@resented in this third iteration
implemented only 2/4 improvements suggested byiritexviewee. In Table 17 it is
possible to check which proposals were not impldetnbut the explanation will be

made in section 4.3.2 Evaluation.

Table 17 — Proposed improvement prototypé&®}t@ration

Proposed o Who ,
Pl improvement Type Implemented suggested? Figure
PI2.1 Obtain data at the Information No Interviewee —
contractual level
“Allow for a more
detailed analysis of the
Pl2.2 mformatlo_n, allowing Visualization No Interviewee —
an analysis by
department, service an
health stakeholders
PI2.3 .Add more (?,mergency Information Yes Interviewee 11
information.
P12.4 | Navigation buttons Navigation Yes Author 12,13

38



Table 18 — Evaluation of the prototype™ Reration

DN
ed

vel
put

1%

ID Stakeholder synthesis Stakeholder Opinions
P2 1 azzen?gﬁizlgﬁsrdo?lI?‘g;;g{gﬁ%'::: ::glymsrhe proposed dashboard allows fast access to skghent information and the KPIs that are
' . gorp ” contained in each. In this way, the analysis anditoong of the information are swifter.
hospital productivity
g P22 “Good colour pallet helps with informatiop Choosing the colors present in the dashboards,didtte level of the background color of the data
o ' reading” colors and the colors of the KPIs helps to readitita
W . . The proposed dashboard is a plus because it oolydas information from the hospital organizati
P2.3 .The daghboarq displays 0|;1Iy hospital and thus analysis at the organizational level isenfacilitated compared to the dashboards provid
information unlike the NHS .
in the NHS.
c21 | “Itis a macro view of oroduction and The data presented in the dashboard are macrovaatdy makes it impossible to analyze at the lg
' roductivity” b of departments, service and health professionalafoacro analysis the data present are useful,
b Y if it is necessary to perform a less macro analysssdifficult to perform the same in this dasllod
()] “ .
§ cz2.2 fgrvéi?aagﬁg\r/%?t;%ebﬁ t?eef):;rllte ! asl(lec;://\;gé SThe analysis that was interesting for my positi@s\en analysis that allowed the realization of th
Y N ysp Y drill down of the information in several levels bgecialty, by service and by professional of health
and stakeholders.
Cc2.3 “Lack of emergency taraet data” The absence of information about the goals of thergency department is something that appeals in
gency targ the program contracts and could be present irddssiboarc
* Obtain contractual data information from both tbatcact program and other contracts, allowing §n
c PI2.1 | "Obtain data at the contractual level.” analysis of information from acts that have beemrazted between hospital organizations and ot
g organizations
o
> . .
<) “ . . . .. . .
s PI2.2 irﬁlcl)cr)xe]:ggg rgﬁ)ésvf:\eta;negna;ﬂag?ﬁ of the What was very interesting was getting more detaitéarmation from these macro data, getting
E ' . . 9 y y macro data information to levels of detail at theel of specialty, service and health professional.
— specialty, service and health stakeholdels.
(5]
(2]
§- PI12.3 | “Add more emergency information.” In emergendhere are data that are in the contract proginatrcan help to present target values|
a - - . - — —
L The implementation of buttons in the monthly desaileens will improve the navigability between
P12.4 | Navigation buttons b y b g y

her

these screens that until then had to go to the peiel to make that navigability.
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4.3.2. Demonstration

In the first place we will explain the points tlame suggested and were not implemented,
next we will present the improvement proposals teate implemented.

The PI2.1 was quite interesting, and in part theralready data that appear in the
dashboard and that were obtained by consultingagh&acts program and this is the data
used to present the tasks included in the dashbBatdvhat is requested is more than
just this consultation and to implement this sugigasa more thorough query would have
to be made and turn the data into digital formatf@mther treatment. One issue that is
relevant and the main obstacle to the implememaifdhis data in the dashboard is that
only the annual data in the contract are includexst, the monthly data. It could be
presented with hypothetical values, but it would bang any added value to the
dashboard and would always be a prominent limiafito those interviewed, since most
of them have a great deal of knowledge of the degdaent on the dashboard.

The suggestion P12.2 was quite interesting andigealva boost both for the proposal of
dashboard and for the healthcare professionakdore of these the macro data are not
enough nor allow to make the decisions that theadreg the level of the specialty, the
service and the healthcare professional. Even nmmmaake a P12.2 suggestion phase, it
was necessary to obtain data that are not pulthis. Made it difficult to create a control
panel with more information than it exists on thd®website. It raises some questions
about the relevance that some KPIs present indbblmbard that without the context of
more indicators their value for decision makingyieatly reduced. The decision not to
create a dashboard with hypothetical data is duigéogoal of improving dashboard
visualization and later implementing drill down tlall present more context to the KPIs
present in the dashboard.

Suggestion P12.3 deals with the implementationhef émergency department's annual
objectives. This is a segment that was alreadlgarcontrol panel which only needed to
create an emergency separator and use the graghpooents that were already used for

separate ones for the same goal. As you can dagure 11, there are 4 KPlIs that have
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their defined objectives, which makes an analysissible with the aim to verify if the
objectives are reached or not.

The suggestion PI2.4 was a suggestion that haputmose to attribute a significant
improvement in the navigability between the monthdya and annual data as you can see
in the blue button in Figure 12 and 13. This neitgsgas verified after the first two
interviews ended and it was found that there wasesaay of navigating between these
two views of the data. To implement it you only deé to use a standard software

functionality.
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Figure 11 — The Annual Target of Emergencie&t&ration
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@ External Appointments
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Figure 12 — The annual perspective of external appeents — 3 Iteration
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Figure 13 — The monthly perspective of externaloagments — 3 Iteration

4.3.3. Evaluation

After the third interview, the result was 3 positiaspects, 4 negative aspects and 12

suggestions for improvement, according to Table 19.
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In the third interview the positive aspects arated to data visualization and information
disposal issues that present the KPIs of each s#gmea single window. Negative

aspects are readied with issues of obtaining irdtion and presenting non-published
information.

In the third interview, 12 improvement proposalsrevenade, and section 4.4.2 will

explain the implementation and non-implementation.
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Table 19 — Evaluation of the prototype — 3rd Itevat
ID Stakeholder synthesis Stakeholder Opinions
The das_hbc_)ard allows |m_med|ate analy 'Fhe fact that the proposed dashboard presentgdleiqgtion and productivity information of a sing
P3.1 and monitoring of production data and o . : . o
. I hospital in a more user-friendly way helps in tladadanalysis and motorization.
hospital productivity.
g P32 “Good colour pallet helps with informationThe colors used do not hinder the analysis of #shbdoard and allow analysis to be done without
o ' reading.” any kind of mistake due to the use of col
u . : Dashboard presents only information from the haspihich allows an analysis with greater focus
P3.3 .The da;hboarq displays on“Iy hospital on the institution and allows an overview of thpeags of production and productivity of the hodp
information unlike the NHS. o
organization.
One of the positive aspects of the proposed dastib®#hat it only has macro data on production
c31 “It is a macro view of production and productivity even if it is the dashboard data ajguction and productivity from the NHS. Howeve
' productivity.” for a more rigorous analysis and detail of the itabprganization it was necessary to have more
detailed information and not so much ma
B . The fact that the proposed dashboard only preseatso data and does not provide detailed
2]
S ltwas a plus if the dashboard allowed fQr, ¢ 5t by service department and health piéesl is a point against and that could be
2 C3.2 a detailed analysis by department, serviges X o : 1.
) i improved. For this one would have to have accetisetgpecific database of the hospital organization
and stakeholders. : ;
and to know some KPIs relevant to this type of gsia
“imolement information of the da Another point against is the fact of not havingimmfiation about the day hospital, although the
C3.3 hosp ital " y information of this KPI's are not identified in theHS portal, this information was more of a
pital. contribution to help measure productivity and prcithn.
% The contractual data are important because thewdir more detailed and comprehensive analy
GE) PI13.1 “Obtain data at the contractual level.” of production and productivity, so it was quitedrgsting to be able to add this information to the
3 proposed dashboard.
g— “Placing button in the Big Picture to The Big Picture being the first view of the dashido&dshould have a mechanism that allows
= P13.2 g . ”g navigation to the main panel. The idea was to eradiutton in case the user wanted to go back 8
° access the Main Panel. . . . .
o accesthemain panellt was accomplished by creating a i
8 . . : When rearranging the big picutre at the level efldyout of the KPI's it will bring improvement in
Q_ "
09_ PI13.3 Pl\i/IC(:l(jllrfgér;?aR’resentatlon form of Big the presentation, as it is not bad but as we willhave more data it is possible to dispose the

information in another way, instead of being allane side of the scret
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Proposed Improvements

“Modify the location of the Big Picture

=

[2)

PI3.4 button and increase its size to give moreg| The Big Picture button on the main panel needsthighlighted in both size and location.
prominence.”
PI13.5 “Place links on the label of the segmentq In the big picture place links in the segmentstlapthese links will help increase navigabilitytie
that lead to the main panel.” dashboard.
Change the background of the graphs Prhe background of the graphics makes it easy w, tha color was well chosen, however it was
that there is a coherence between the ; . )
. . | convenient to choose a background color per segwieich allowed a stakeholder who was using
PI13.6 segments and information that appears in . . . .
the dashboards to know in which segment is the lsackground graphical components present on
both the monthly data separator and the the tab
annual data also, tar.” )
PI3.7 “Change the text that appears on the Changing the text in the button to access the nipudtita allows an improved reading of the actio
) monthly buttoL.” that will be performed after clicking the monthlgtdil button
P13.8 Put two years in the |_3Ig P|cture (Try to In Big Picture put two years to make a comparisetwben the years at the level of the KPI's predent
put two years in the big picture (2017 anfl. he Big Pi hi Kes i iol et vsis of thei luti
2018)).” in the Big Picture. This makes it possible to parf@an analysis of their evolution.
P . Place all hospitals listed in the NHS databaséértables that appear in the proposed dashboard
PI3.9 fiig:l:gi?:‘lot;[?qsegilf)egsbonh:)hse g;t?base amIThus, a hospital analysis will be possible, wheterng the user should select the hospital theytwan
9 y pital. to analyze and then the data will only refer ta thasyital.
PI3.10 | “Put two hospitals in the big picture.” The big picture could be able to present infornmafiom two hospitals, that is to compare the KPI
between hospital
B . . o - To obtain the data present in RADEF and consequémtbut more data that are not available now
Obtain information using “Relatério . . . ; . ;
iy o by reason of these not being public. This propesalld allow to make more information available
PI13.11 | Analitico do Desempenho Econdémico e . ) ) -
X . ,, for analysis and make the dashboard more robustims of production and productivity
Financeiro” (RADEF). . g . - . _
information, allowing even the possibility of a reanicro analysis.
To allow the sending of information via MSM to stdlolders, this functionality had the objective ¢f
PI3.12 “Send an MSM to stakeholders with the | sending the Big Picture to the various stakeholdeet a specific periodicity or in case of a more

main data.”

relevant change in the Big Picture data and thatdfiange would be important to notify the same|to
certain stakeholde!
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4 .4.Fourth DSR lteration

In the fourth iteration, the interviewee from théd iteration made several improvement
proposals. As was done in the previous interactiansanalysis and weighting were
performed on the applicability of the improvemerdgmsals. The result of this weighting

is given in section 4.4.2.

4.4.1. Proposal

In the fourth iteration, the data contained in gamel were again updated so that the
interviewee could perform an analysis with reabdahe proposal presented in this third
iteration implemented only 6/12 improvements sugggeby the interviewee. In Table 20
it is possible to verify which proposals were maplemented, but the explanation will be

made in section 4.4.2. Evaluation.

4.4.2. Demonstration

In the first place the explanation of the pointattlare suggested and were not
implemented will be made and next the presentaifdhe improvement proposals that
were implemented.

Proposal PI3.1 is the same as proposal PI2.1 nmatleisecond iteration and its non-
implementation has already been duly justifiedecti®n 4.3.2, in the paragraph referring
to PI2.1 However, it reinforces the idea that thesplementations were enough and
would bring added value to the dashboards, howiewveas necessary more data for its
implementation and to obtain this impact.

The PI13.2 improvement proposal aims to improvenaegability of the dashboard, so
we have implemented links that lead us to the neshboard, to accomplish this
functionality the segments have associated links.tiirat it is enough to look at Figure
14 and where the names of the segments are, wlaeim¢pthe stakeholders will be
conducted to the main panel.

The proposal P13.3 deals with the question of prisg the information in the Big Picture
if we analyse Figure 10 referring to the seconchiten we verify that the data are all on
one side, which was a better use of the existiagejn the Big Picture as we can see in
Figure 14.
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Table 20 — Proposed improvement prototyp@lt8ration

Pl

Proposed improvement

Type

Implemented?

Who
Suggested?

Figure

PI13.1

“Obtain data at thd
contractual level

Layout

No

Interviewee

P13.2

“Placing Button in the Big
Picture to access the Mal
Pane.”

Navigation

Yes

Interviewee

14

P13.3

“Modify the presentatior
form of Big Picture data.’

Visualization

Yes

Interviewee

14

PI13.4

“Modify the location of
the Big Picture button an
increase its size to giv
more prominenc.”

Visualization

Yes

Interviewee

15

PI13.5

“Put links on the label o
the segments that lead
the main pan.”

Navigation

Yes

Interviewee

15

P13.6

“Change the backgroun
of the graphs so that the
is a coherence between t
segments and informatig
that appears in both th
monthly data separat(
and the annual data als
targe.”

Visualization

Yes

Interviewee

14,15,
16,17,
18

PI3.7

“Change the text ths
appears on the month
buttor.”

Visualization

Yes

Interviewee

17

P13.8

“Put two years in the Big
Picture (Try to put twd
years in the big pictur
(2017 and 2018.”

Visualization

No

Interviewee

P13.9

“Put two hospitals in the
big picture.”

Visualization

No

Interviewee

P13.10

“Putting all hospitals of
the database and filterir]
information by hospit:.”

Information

No

Interviewee

PI13.11

“Obtain information using
RADEF.”

Information

No

Interviewee

P13.12

“Send an MSM to
stakeholders with the

main data.

Information

No

Interviewee
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Goali 425

Figure 14 — Big Picture —Yiteration

The PI13.4 proposal deals with the need to highltgbtBig Picture button. As you can
see in Figure 19 of Appendix G, the Big Picturettmtwas not included; in the second
iteration, it already exists since the first itevaf but in a place with little emphasis since
it was still under construction, but in the thitdration it can It may already be placed in
a place of greater prominence, as was suggestgduasan see in Figure 15 Big Picture
this highlight was made.

The suggestion PI3.5 is a reinforcement to the astggn P13.2, in this case in addition
to the button added in this suggestion, it was atggdemented in the labels where the
segments were added, links which lead to the manelpand other improvements that
link the question of navigability of the dashboaad,shown in Figure 14.

Proposals PI3.6. have the purpose of defining ofer per segment and use that color in
the background of all the graphic components df segment. This change helps create
logical coherence between the graphic componerdsttaa segments. This change is
based on the first rule in Table 9. To validateithplementation, it is possible to verify
in Figures 14 and 15 that the segments have diffe@ors, these colors are used in the
backgrounds of the graphic components presenigurés 16, 17 and 18.

In proposal PI3.7 it was suggested to change tti@fehe button that gives access to the
monthly detail information, and can be seen in Fegle of the 3-iteration button in the

upper right corner the text of the button was "Mgntlata” what was suggested as
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"Monthly details" as shown in Figure 17. This charajlows a better understanding of
what the user will get by pressing that button,chhin this case is monthly internment

data.

Annual Data ' Annual Data

Monthly Data Monthly Data

Figure 15 — Main panel ""4iteration
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Figure 16 — Surgery data per year — 4th Iteration
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The suggestion PI3.8 was one of the suggestionsvdr@ not implemented due to the
technological and data structure question. At dolitological level, it takes more time
to get to know the functionality of the applicatiamere the dashboard was developed
and to verify the possibility of implementing theepentation of two years. At the data
structure level, it was necessary to perform degattent to be able to execute these
suggestions, in this way | am considering it asogp@sal for future improvement.

In PI3.9 it was suggested that in the Big Picttineas possible to make a comparison
between two different hospital organizations Thiggestion was not implemented by the
same types of reasons of technological P13.8 atadslaucture. At the technological level
it was necessary to carry out some research atslttesalidate its applicability. At the
data structure level, it was necessary to takessa fecused approach to the hospital
organization, and to have data from all the hokpités that are part of the NHS.

© Internment Data per year
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Figure 17 — Internment data per year “lteration

The suggestion PI3.10 had as its main objectivertipementation of more than the

hospital in the database that is being used tolpdpa the information on the dashboard.
This new functionality implied a change in the asct the dashboard, since only some
type of information was presented if the hospitakwpreviously selected, because it is

necessary to carry out the filtering of the infotima to present the correct data of each
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institution. This suggestion was not implementethat stage but was noted as a future

improvement.
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Figure 18 — External Appointment Data I Heration

In suggestion PI3.11 what is suggested is thatiishboard presents data that are in the
RADEF and thus enrich the dashboard with more Kétligroduction and productivity.
However, with the database not being public it iaisbeen implemented. It is true that
public hospitals publish RADEF annually, only thenaal data are included, and the
monthly data are not presented to be able to shdetaled monthly analysis only with
access to the RADEF database. These suggestidmewibted for a future improvement.
Proposal PI1.3.12 suggests the implementation afisgrihe Big Picture or specific KPI's
by SMS to healthcare professionals of the hospignization. This functionality would
allow them to have access to the information to endde necessary decisions. These
suggestions will be recorded for future implemeaotat
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4.4.3. Evaluation

After the fourth interview, the result was 2 positiaspects, 2 negative aspects and 1
suggestion for improvement, according to Table 22.

Again, in the fourth interview, the positives astated to data visualization and focus
issues that are addressed in the dashboard forsenaf just one hospital organization.
Negative aspects relate to the lack of more infoionahat makes it impossible to analyze
more micro.

In the fourth interview, 1 improvement proposal waade, and section 4.4.2 explained
the non-implementation.

The proposal P14.1 present in Table 21 is the sasrbe proposal P12.1 and PI13.1 made
in the second iteration and third iteration, itsiimplementation has already been duly

justified in sections 4.3.2 and 4.4.2, in the peaipg referring to P12.1 and PI13.1.

Table 21 — Proposed improvement prototyp# ktdration

: Who Figure
2
Pl Proposed improvement Type Implemented Suggested?
Pl14.1 Obtain  data at  thg Layout No Interviewee| —
contractual level

4.5.DSR lIterations Synthesis
From the answers of the interviewees we obtainset @f improvement proposals that
are included in Table 23. In a total of 21 improesproposals 19 were made by the
interviewees and 2 were made by the author. ORihproposals for form improvement

12 were implemented and the remaining 9 were r@dtfor future improvements.
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Table 22 — Evaluation of the prototype Llteration

ID Stakeholder synthesis Stakeholder Opinions
P4.1 “The fact that it is a dashboard that enables | O dashboard apresenta as possibilidades de proddedo
immediate analysis of production information apthformagcdo e produtividade de uma organizacdo argan
productivity of the hospital.” hospitalar. The dashboard presents the possibitifisnformation
Pros productivity of an organic hospital organizat
P4.2 “To be a decision support tool focused omglsi | The proposed Dashboard displays only informatioomfra
hospital organization.” hospital organization. Analysis is focused on thstitution,
allowing a greater knowledge of the production pratiuctivity
aspects of the hospital organizat
Cc4.1 “It is a macro view of production and The macro view is very important to carry out aalgsis with a
productivity" macro optics, however when we need to perform ardetailed
analysis we need to have the information whichwadlthis type
of micro analysis. Being able to have both sides avaery
Cons interesting facto
C4.2 “The Dashboard should have information {h@he macro information is a starting point for a d@malysis of
would allow analysis at the departmental, seryitige information of a hospital organization, howevtis
and stakeholder levels.” necessary to have more data which will make a metailed
analysis and that allows an analysis at the lefviie
department, the service and the stakehol
Proposed Pl4.1 “Obtain data at the contractual level.” Acling contractual data will allow a broader coverafe
Improvements dashboards to the issue of production and prodtyctiv
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Table 23 — Proposed improvement prototype by itemat

Iteration 1
ID Proposed improvement Type Implemented? Who Figure
suggeste
PI1.1 “Creation of KPI's graph that allovthe comparison of the current year with the homolg.” Informatior Yes Interviewet 7
PI1.2 “Improvement in the organization of the informatiolhKPI's plus macro for the more micr Informatior Yes Interviewet | 7,8,¢
PI1.3 “Changing the graphicbackground colc.” Visualizatior Yes Interviewet | 7,8,¢
PI1.4 Big Picture Building Informatior Yes Authot 1C
Iteration 2
PI2.1 “Obtain data at the contractual lev: Informatior No Interviewet —
P22 “AIIolw for a more detailed analysis of the inforrmat, allowing an analysis by department, Visualization No interviewee| —
service and health stakeholde
P12.3 “Add more emergency informati.” Informatior Yes Interviewee | 11
P12.4 Navigation button Navigatior Yes Authot 12,1:
Iteration 3
P13.1 “Obtain data at the contractual lev Layoul No Interviewet —
P13.2 “Placing Button in the Big Picture to access tharMane.” Navigatior Yes Interviewet | 14
P13.5 “Modify the presentation form of Big Picture d.” Visualizatior Yes Interviewet | 14
P13.4 “Modify the location of the Big Picture button aimtrease its size to give more promine.” Visualizatior Yes Interviewe¢ | 15
P13.t “Put links on the label of the segments that leathé main pan.” Navigatior Yes Interviewet | 15
14,15
“Change the background of the graphs so that tiseeecoherence between the segments| . . N . o
PI3.6 informgtion that ap?:)ears in both t%e Enonthly dafsasator and the annual data also,gt]arget.” Visualization Yes Interviewee 161’37’
P13.7 “Changethe text that appears on the monthly bi.” Visualizatior Yes Interviewet 17
P13.¢ “Put two years in the Big Picture (Try to put tweays in the big picutre (2017 and 20.” Visualizatior No Interviewet -
P13.¢ “Put two hospitals in the big pict..” Visualizatior No Interviewet -
P13.1C [ “Putting all hospitals on the database and filigiimformation by hospit.” Informatior No Interviewet -
P13.11 [ “Obtain information using RADE.” Informatior No Interviewet -
P13.12 | “Send an MSM to stakeholdt«with the main data Informatior No Interviewet -
Iteration 4
PI4.1 | “Obtain data at the contractual lev: [  Layour | No [ Interviewee | -
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Chapter 5 - Conclusion and Future Work

The NHS dashboard is not complete and since ibtsip to date it should present more
information on areas with human and financial resest

The positive aspects of the NHS dashboard aretthas all the information of the public
hospitals and allows the comparison between hdspitas the only tool that provides
health information at the national levBut there are some fewer positive aspects of this
solution, such as the comparison is not made beta#ehospitals but by groups of
hospitals which prevents a more precise comparatnedysis. Another less positive
aspect is that graphs have up-to-date information.

The negative aspect of the dashboard is that datati updated and not user friendly,
these are some of the aspects that can be improved.

The implementation of a Big Picture is seen asdaseful because it makes it possible
to present the most relevant KPIs of production mmmdiuctivity and allows to indicate
which specimen should be analyzed in greater deiaibther relevant point is that it
allows for an analysis of the real year as weth@shomologous.

In general, there is no lack of information in thles presented, however if it were possible
to put contractual information and allow more detiinformation at the department,
service and health professional level it would besset.

In the opinion of the interviewed the informatiomegent in the dashboard is clear and the
navigability is good or very good.

In the comparison between the proposed dashbodrthaiNHS dashboard the responses
were unanimous at the level of positive aspechefdroposal phase to dashboard of the
NHS and that the fact that the proposed dashbowkyzes only a hospital organization
allows to optimize analysis of the state of thepias organization. Regarding the
negative aspects, it was identified by one of therviewees that absence of other areas
and the possibility of benchmarking if the decisioaker needs a comparative analysis.
The remaining professionals interviewed do not ssgglunt negative aspects.

The possibility of implementing the proposed dasintois well regarded by the
interviewees, because it presents new functioaalivith Big Picture, analysis of real
year with the homologous and possibility of fasiw@have access to all information of

each segment.
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All interviewees indicated that there is a simitawl in the hospital organization that helps
to monitor multiple KPIs. The positive aspect asttool is that it is able to aggregate all
the KPIs in the NHS portal, in addition to other IKRhat have been losing their
importance at the NHS level, but which are usefulthe analysis of the hospital
organization and as such have been retained tadeelpion makers also make decisions
based on these KPIs. This tool was developed faligwhe guidelines of the BSC that
was defended by the hospital organization itsdlbywang to obtain analysis of data by
department, service fast. The application serveslefine, control and monitor the
objectives and goals of the organization. On theeltand and less positive aspect of these
solutions is its visual limitation of the same,. itaere are few graphic components
available to the development of graphics followthg good practices of visualization
and on the other hand it does not allow the devetoy of dashboards like the proposed
one. It can be concluded that the proposed pasekis as an added value for production
and productivity analysis because it allows to @@amore useful data visualization for
decision makers.

The results obtained by the interviews show thatithplementation of dashboards on
production and productivity is an asset for hospitganizations. Another important
aspect that can be concluded from the researtiaispplying the guidelines of colours
and Gestalt's principles of visual allow enhancithg value of dashboards for
stakeholders. It is also important to note that phetotype was populated with real
hospital information which allowed stakeholderderome more familiar with the data
and to gain more certainty of the information timeed to obtain with dashboards. The
implementation of the dashboards has all the cmditto materialize as indicated in the
feedback of the stakeholders interviewed. Moreawer dashboard allows us to respond
to a need which is to be able to measure the ptmstuand productivity of the hospital
organization.

To finalize the proposed dashboard allows to giveagro view of the production and
productivity using the KPIs indicated by the NH$.fdcuses only on a hospital
organization. So far, the only solution exists ospital organizations, it was hospital
benchmarking, monthly monitoring and possible totdslored to each hospital
organization. With these solutions organizations) gatool focused on their reality,
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which also follows the good practices of visuali@attechniques and Drill Down and is
up to date.

5.1. Contributions
The main contribution of this research is the cosabf a dashboard which allows
hospitals’ stakeholders to obtain relevant infoioratregarding productivity and
production and to provide the possibility to caoyt an analysis of the KPIs that allows
a better knowledge of the state of the organizatigynthe end of this research it was
possible to answer the questions listed in Tali*eablem P1 and P2. The contribution is
in line with the objective defined in sub-sectia@,which consists of developing a panel
that can provide information to enable stakeholdeitsospital organizations to perform
an analysis, evaluation and monitoring of productmd productivity KPIs to support
the decision-making. The dashboard was developdl thie application of good
visualization practices and drill-down techniquess providing a useful tool for decision
support.
It should also be pointed out that the contributmade by hospital organizations and
international organizations such as the OECD, wha$ been gaining more importance
since 2000, has launched a first document whiclmegaof the need to create KPIs and
tools to measure production and productivity. Tiplsemplify this measure, other entities
followed suit (Sharpe et al., 2007).
At the scientific level, the research is in lindlwa proposal of future work that is part of
the LR where it is proposed to do more researctherbenefits of data visualization in
health (Stadler et al., 2016). But the contributgmes further and as it can be seen in
Table 6, in this research the proposed dashboarckotrates in itself the good practices
of visualization, the techniques of drill down amnd present the final result that can be
seen in the Figures: 15, 16, 17 and 18. So we aiddine scientific level a new research
on dashboard in the health area, but with the facuproduction and productivity and
based on the good visualization of Drill Down. Thesearch is the starting point for the
appearance of more studies which address the seametand improve dashboard tools
in the health area. In order to show that the digBen has relevance in the academic

universe, an article was published (Pestana 2@l3).
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The contribution to health professionals is to jpleva new survey of dashboards | have
been developing according to good practices arattieg to real data from the hospital
organization. This will allow the productivity apdoduction data to be provided to health
stakeholders, so that in the future it will be polesto apply the solution to hospital

organizations.

5.2. Limitations
The research has some limitations. First, it watopmed only in one hospital, which
made it difficult to generalize the conclusionsspiee interviewees’ experience for in
their professional career they passed through aktiespital organizations, both in the

private and public sectors, as evidenced by Table 1

Second, only 4 interviews were made, which meaas tore improvements can be
proposed in the future with more interviews. Howeteese 4 interviews were made to
professionals who need to obtain this type of imfation (real stakeholders). Third, it
was not possible to implement all the improvem@néposed due to their periodization
time, some of the proposals are already registerediture development.

5.3. Future Work
As a proposal for future work, it was very intenegtto continue the research with more
iterations in the same hospital and other hospifidiss will allow, on the one hand, to
create a more complete dashboard and the possilfilitbtaining conclusions that allow
the generalization and consequent implementatiothefartefacts in other hospital
organizations. Another proposal for future workasgain access to private data from
hospitals and thus be able to present more inféomahan just the public information.
Another proposal of future work is to create a tasind that allows for an analysis by
department, services and health professional. d&shboard allowed to create a more
complete dashboard that beyond the presentatiamaicro vision allowed a micro vision

when it was useful for the decision makers.
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Canadlan Conference on Electrical and Computer (Arinze, 2014)
Engineerini
Clinical Pediatric Emergency Medici (Perron et al., 201
Conference of the European Federation for Medikcal
Information: Quality of Life through Quality of (Al-Hajj, et al., 2012)
Information
Contemporary Clinical Tals Communicatior (Mattingly et al., 201¢
Critical Care Nursing Quartel (Egan, 200¢
Current Problems in Diagnostic Radiols (Shailam et al 2018’
Health Affairs (Jha & Epstein, 201
Healthcare Analytics Acader (Providers & Nelson, 201
Hospital Pediatric (Hain et al., 201
ICOS- IEEE Conference on Open Systems (Zl\él';lgendrawathl etal.,
IEEE International Conference on Data Science and
Advanced Analytics (DSA/ 1 (Santos, 2015)
IEEI.E-EM'BS Confergnce on Biomedical (Silva et al., 2012)
Engineering and Scienc
IEEE-EMBS International Conference on o
Biomedical and Health Informatics (B} (Miniati et al., 2014)
International Conference on Health Information (Ryan et al., 2013)
Technology Advanceme
International Conference on Information .
Management and Technology (ICIMTe (Georgiana et al., 2017)
International Emergency Nursi (Martin et al., 2017
International Journal of Management (Z(Sigqlon & Richardson,
Inte(natlonal Symposmm on Computational and (McGlothlin et al., 2016)
Business Intelligence (ISCE
Journal of Biomedical Informati (Franklin et al., 201
Journal of Digital Imagin (Prevedello et al., 201
Journal of Surgical Resea (Park et al., 201!
Journgl qf the American Medical Informatics (Dixon et al., 2014)
Associatiol
PICMET: Portland International Center for
Management of Engineering and Technology, (Mallak, 2009)
Proceedinc
Proceedings from the annual NOKOBIT conference

held in Osl

(Presthus & Bergum, 2015)
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The Journal of nursing administrat

The Psychiist

(Donaldson et al., 200

Workshop on Visual Analytics in Healthc

(Daley et al., 201.

(Al-Hajj et al., 2012

Iberian Conference on Information Systems and
Technologies

(Barrento, 201¢

(Barrento et al., 199

Hawaii International Conference on System
Sciences

(AI-HAJJ et al., 2012

(Alharbey, 201€

(Ryan et al., 201
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Appendix D — Data per Article

Google

2010

Articles Year Scholar RESEEIEL Focus
o Parents
Citations
Patients Satisfaction
(Zhang et al., 2011) 201 8 Heart Attack Quality Measures
Analysis on Revent
Sepsis patient outcomes
(Stadler et al., 201)2016 9 USA 3C-day hospital readmissic
Quality health service
(Presthus & Volume of treatments
Bergum, 2015) 2015 0 Norway [Waiting times in somatic, mental
gum, and substance abuse health
service
(Ghazisaeidi et al.,
5015 2015 9 General
Clinical Dashboards
(Egan, 2006) 200 55 USA Patient Safe
(Koronios & Gao, . | Emergency Department
5010 2010 1 Australia productivity
(Z'glig,a” etal., 2013 7 Canada | Mortality and Morbidity injury
g%li';‘a” etal, 2012 0 Canada | Mortality and Morbidity injury
(Al-Hajj etal., 2013 5 Canada | Analytical Injury
2013
(Providers & . : :
Nelson, 201( 2010 1 USA Diabetes quality metric
(Martin et al., 2017) 2017 0 Netherlands Banent flow Emergency
epartmer
(Franklin et al., Flow and the demands of the
2017 2017 3 USA entire Emergency departm
(Perron et al.,201 | 2013 0 USA Physician Performanc
(Zsoqzl‘lam etal, 2017 1 USA Radiology performance
( Gordon & . .
Richardson, 201 2013 2 USA Quality of Nursing Department
(Ward etal., 2014)| 201 44 usa |Emergency department
performanc
(Mattingly et al., . .
5015 2015 3 USA Clinical trials
(Alharbey, 2016) 2016 1 USA Data analysis Pulmonary Diseag
(Arinze, 2014) 2014 0 USA Patient Monitoring
(Daley et al., 2013)| 201 14 UK Clinical Dashboards
(2'382?""30” etal., 2005 86 USA Quality of Nursing Department
(Jha & Epstein, 2010 135 USA Hospital quality
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(McGlothlin et al.,

2016 2016 0 USA Patient Safety

(Mahendrawathi -

et.al, 201C 2010 9 Logistics performance

(Barrento, 2017) 201 0 Portugal [ Benchmarking in Healthcare

(ch)igrglana etal, 2016 0 Indonesia | Radiology Quality

(Silva et al., 2012) | 201p 4 Portugal hMonlyormg database performance

ospita

(Miniati et al., 2014 1 Measuring efficiency Operating

2014 Theatr
Electronic health

(Dixon et al., 2014)| 201 23 USA record, pharmacy claims, and
personal health recc

(zlzrlec\){edello etal, 2010 33 USA Radiology performance

(Mchod etal., 2010 20 Canada Coordination regional capacity of

2010 emergency departme

(Santos, 2015) 201 1 Portugal | Data analysis Pulmonary Disease

(Hain et al., 2012) | 201 5 USA Improvement e_md_ monitoring
service of Pediatric Departmu

(Parketal.,, 2010) | 2010 24 USA 'g‘pro"?me”t and monitoring

perating room

(Barrgnto etal., 1997 0 Portugal Benchmarking of hospital

1997 emergency departme

(Ryan et al., 2013)| 201 4 usa |Monitor and improve the
perioperative process

(Ryan et al., 2017)| 201 0 usa | Monitor and improve the
perioperative process

(Mallak, 2009) 2009 0 Measuring efficiency of Hospital
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Appendix E — Macro Objective and Results per Article

Articles

Macro Objective

Results

(Zhang et al.,
2011)

(Stadler et al.,
2016)

Efficient visualization of data in health
organizations Dashboards enables
complex healthcare data on sepsis an(
readmissions to be made more access
consumable, and meaningful to any
healthcare stakeholder. What comes t¢
promote the understanding and
interpretation of data to customers.

i
i

D

It should be noted that the impact that existeddigg efficiency and gains in
knowledge since this work was manual and startéte aggregated data and obt
statistical information. The process is no longanoal, which resulted in an
optimization of time spent with the analysis pracemnother factor contributing to
[S)Fech optimization was the implementation of viszetion techniques. The time to
analyze the data until the results was drasticaliyiced.

The dashboard has become central to the data anafysany customers, and this
analysis has even become available to end custoAwother possibility achieved
with visualization techniques and dashboards Edooide the possibility of
benchmarking between hospitals since KPI's arestrensal to healthcare
organization:

Al

(Presthus &
Bergum, 2015)

The characteristics of business
intelligence (BI) dashboards and
understand how citizens can use them
(Comparative analysis of two dashboa
one based on Bl and another not). Theg
dashboard should be simple enough tdg
attract users, but sophisticated enough
support decision makir

L

The -Bl dashboard has more Bl aspects than théodasththat has three layers of BI.

Bl dashboard that is based on a Bl architecturk thitee layers is more complicate
tp use than the dashboard that has Bl aspectsnéicessary to pay attention to the
%velopment of the panels, these should be eassetand accessible, but providing
e information needed by users. Demonstrate tralp are useful for decision
[[naking and should be crafted according to besttipezc Otherwise, they can be
Sicult to use and extract useful information fiecision making and lose value.

| Sp——

(Ghazisaeidi et al.
2015)

Literature review to analyze which key
points to develop health performance
measuring panels.

It was concluded that the development of perforraatashboards based on
performance measurement principles and executfeeniation system building on 4
appropriate back-end infrastructure would resuthicreation of dynamic reports

that bring increased value to health organizatibo#) in the analysis of past, prese

and future
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(Egan, 2006)

The article addresses the topic of
integrating all relevant patient
information into a single dashboard so
that critical care nurses can get the
patient's process, all the information
obtained both in the perioperative perig
and in the surgical proce

The added value of these dashboards is the aciligssibpatient information that it
would have all the data in just one place and tilegossibility to analyze the
information that you want in more detail.

d

(Koronios & Gao,
2010)

Focuses on the discussion of data quality

with managers at the operational and
medical level, this discussion took plag
in the development phase of a dashbo
that aims to assess the productivity of
emergencie

d@suidance was provided on the types of data thaildhme collected and the quality
hrelquirement of the data so that dashboard is feliatihe decision phase.

The issue of the Visual Analytics (VA)
allow health professionals on the one

0
Peer collaborative sessions were conducted to zadte Visual Analytics Dashboa

rd

(Al-Hajj et al., hand to understand data on (VAD) and demonstrate the help that health protesds can receive in the
2013) heterogeneous lesions and, on the othgnvestigation of data on injuries, as well as supjpothe construction of knowledge
hand, to decide on health situations [and decision making.
dynamics
VA has proven to be influential in helping medistdkeholders to reveal valuable
In this case, the focus of the research i{griformation about massive injury data and builceesial knowledge. Offering
(Al-Hajj et al., be able to obtain the information advanced techniques such as filtering and zoomirg idetails that help you
2012) appropriate to the needs of each user gmdderstand information that allows you to speethepdecision-making process.
in each moment. Collaborative research was carried out where it passible to validate the
potentialities of VA in support of decision maki
This case objective is to create an
Analytical Damage Dashboard (AID)
that can be used by any health The importance of dashboards was demonstrategpmsithe analysis of injuries
(Al-Hajj et al., professional and can help both in the [related issues. The integration of a dashboarddagiaion support tool and on
2013) understanding of the data knowledge gmaultidimensional and dynamic data.

in the making of decisions in a more

informed way
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(Providers &
Nelson, 2010)

The dashboard on diabetes metrics, szlste' argued that dashboard should focus on qudétg, right metrics, and tools with

on a US association.

control panels and balanced scorecard, among otidkraing to provide context ang
meaning to the data makincem an added value for the organizai

(Martin et al.,
2017)

An analysis is made of the added valus or?

implementing a dashboard to be able t
support flow management in
emergencies.

| The panel was developed with the main agglomeratidicators and with general
E,oatient flow characteristics and thus allowing @l information on clusters in the
emergency room, allowing the emergency team todakective measures to avoid
the effects of the cluster in these services. Daatis give useful information to
improve ED manageme

(Franklin et al.,
2017)

Focuses on the emergencies and crea
of a dashboard with information of eac
patient that is in the emergency room,
visualization of this type of information
will enable faster and more certain
clinical decisions to be made, and rapi
intervention to improve the flow of
emergencie

fion
N

The research based on other studies where it wasl finat the workflow of clinician
was often based on in-the-moment rather than giodaipective.
i

12

(Perron et
al.,2017)

It focuses on the physician's proficient
performance, dashboard proposal is n
available through the web that allows
measuring the performance of doct

The added value will be the availability of infortiaa in a fluid and balanced way,
ade , !
which allowed more information to doctors and g®opdoctors and ensure the

confidence of other stakeholders and increaseuhbbty of patient care.

(Shailam et al.,
2018)

It focuses on the development of a
dashboard to measure the performanc
the radiology department. The proposs
to create a real-time dashboard in the
pediatric radiology reading room,

presenting updated information about {resource management.

state of the waiting room and the
schedule of exams, so that physicians
could get a sense of the workflow and
clinic efficiency

e of
| is

This implementation resulted in improvements frasthithe operational level and

( Gordon &
Richardson, 2013

It focuses on the creation of a dashbod
that helps to measure the quality of thg

lLFlhe nursing department needs to respond to theéasdrehanges in the department

which ultimately has repercussions on the qualityame and influence performance.

nursing deartment
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The dashboard will help monitor the results anduata the progress of the nursing
department occupation, which is responsible forothpatient and outpatient serv

(Ward et al., 2014

The performance of emergencies. The
analysis is presented as having a
fundamental role in the transformation
the American health syste

The panel would obtain information on all suggestegrovements and could prese
(%Ee essential information to measure performanesriargencies and thereby suppq

(Mattingly et al.,
2015)

The topic of clinical trial screening and
enrollment. A dashboard was developd
to assist in the management of two
observational studies of pneumo

e decision phase.
The result of the observation is that 23 of th@oeslents to the survey, 77% feel m
bdomfortable using the panel because there is twting of information among all.
It is possible to use in more robust systems wtteravailability of information is
crucial

pre

(Alharbey, 2016)

The analysis of chronic obstructive
pulmonary disease (COPD) is a diseaq

that has a significant impact on the publite goal is to create a dashboard that allows remaoinitoring of COPD patients ar

health system, which affects concernin
mortality, since they are often fatal, su
as through hospital admission and
readmission, which affects your hospit
resource:

e

do predict the risks of exacerbation and prevenbdcurrence. The control panel wil
Chllow you to understand the behavior of the patieiit provide indicators that help i
the decision-making process.

il

d

=}

(Arinze, 2014)

It focuses on patient follow-up and the
need to place health, more precisely,
electronic health records with greater
transparency for patien

It was proposed to create a Dashboard, which méllide proactive and reactive alg
for both patient and physician consultations. Rdetaomputing and mobile
computing will be used to collect patient data aroagoing basis and to keep the
patient uj-to-date with health alerts and consultati

rts

(Daley et al.,
2013)

It was is proposed the development of
panel that provides useful information

aspects of the mental health of the eld
acute

a

bclymmunication and information sharing, to greatesir@ness and quality of data.

drhe prototype was made available, and after thretims of use by the medical teain,
the patient. Information that is related tidhe benefits are evident, from better access tonmdtion, through increased

(Donaldson et al.,
2005)

To be able to provide an overview of th
aggregate trends and benchmarks
obtained in the California Nursing
Outcomes Coalition acute care databa|

@he CalNOC benchmarks are of great importancegamtiising departments. Since
many of the indicators present in them are citethbyNational Quality Forum (NQR
due to their relevance to the professionals ofthed. Implementing a dashboard to
seupport the nursing department will have a veryefieral impact. The advantages G

(CalNOC) database, focusing on t

an

be measured at three levels: Cort a comparison of organizational data on natis
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quality indicators related to nurses.
Dashboard integration can be crucial f
health professionals to formulate and
share a commitment to accelerate
improvement in patient safety, results,
and service excellent

and regional clinical indicators, identify perfomt& and improvement goals, and
bundertake commitment improvement projects for begtddient care.

(Jha & Epstein,
2010)

Implementation of measures and tools
improve the quality of healthcare in thq
USA. Reiterate conclusions from a
sample of both profit and non-profit
hospitals, smaller and larger hospitals,
and there is another factor that is the
experience of hospital ste

to

Non-profit healthcare organizations do not havealker focus than was advisable
quality problems. There is a discrepancy betweepikals with poor performance a
average performance. This is an excellent oppdytaaiimplement new techniques
and measures to improve these aspects.

or
hd

(McGilothlin et al.,
2016)

Creation of Bl tools to perform a patien
satisfaction analysis and to reduce KP

related to clinical results, such as lengftio new configurations of panels, which allowedrwre frequent use and to suppor

of stay, readmissions, and morta

tSeveral dashboards have been developed to pregambation on customer
'satisfaction data. The success of these was thenlugpber of users, which gave ris

research and the conclusic

1%

—

(Mahendrawathi
et.al, 2010)

Develop a dashboard for analysis for
logistics management.

usefulness and its value to hospital/departmerthignway, it was possible to take
measures to solve the problem of stock of artittesneed to better manage mater
shortages and to address issues related to tHedthospital units

The development of a dashboard that would allowean-level analysis, as well as its

al

(Barrento, 2017)

Conduct a comparative analysis of the
various hospitals at European level.

It was possible to highlight the differences in thiferent areas of the hospitals that
were analyzed at the European level.

The aspects that have been analyzed form the folipunpatients Dissections, Day:
of Inpatients, Inpatient length of stay, Physiciand other questions of public hee

U7

(Georgiana et al.,
2017)

To determine the effectiveness of
radiology data storage in order to
measure the quality of the service
provided

Dashboard value recognition at the time of presiemaf information on patients ary
also in the radiology department.
Measure the degree of interest, and the percemitiologists have on the dashboa

d.

(Silva et al., 2012

Create a dashboard that could help in
characterization and evaluation of the

to a decision.

workload of the hospital databas

rbeetection of critical periods, as well as situatidhat need to be reviewed and alerfed
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To develop a support model that, base
on the specific performance of indicatd
would be able to support health

d
s,

The implementation of this type of solution willak the hospital managers to be aple

(Miniati et al., departments. to perform a detailed OT analysis
2014) The dashboard would support the hp - Jealized hboard i by' " | d sehhospital d

analysis of performance and contributd '{Oel ealized Dashboard is being implemente ospital department.

the analysis of the efficiency of OT

activity.

Objective: the creation of a dashboard|to

assist in communication between doctprs

and patients. Support in the stage of | Significant advances in the backing to the decisigpport is that the feedback of th
(Dixon et al., defining strategy and improving the health professionals and the patients was veryipesirhe dashboard is on the righ
2014) phase medication/treatments. With the| path to being able to host crucial patient infolioratn one place. Centralization of

dashboard, the discussion of the
treatment process and its suitability to
patient is improve:

information that is spread in several sources.
the

=

(Prevedello et al.,
2010)

Development of a prototype in Bl to
assist in the analysis of radiology
department information. It relies on the
various Bl areas from the data wareho
to dashboard too

Improvements in the service provided to the pagiesivances in the department's
J%%rformance and the process of analyzing the datargted by the department.

(McLeod et al.,
2010)

Development of a dashboard that help
the coordination of the various
emergency departments to balance thg
flow of patients arriving by ambulance
the various emergencies of hoals

5 in

Proactive selection of target patients, using tiead-analysis of data coming from a
bdashboard, has enabled better coordination of dgpEemergency at the regional
ftevel and also allowed a significant reductioniia ambulance diversions.

(Santos, 2015)

The objective is to analyze the
phenomenon of the increase in the

incidence of deaths due to pneumonialin

the Portuguese population. It is intendg
to characterize the incidence of the
disease to define a strategy to combat

.Dashboards helped provide useful information fdmileg a patient profile. With the

formation collected with the aid of dashboartisyas possible for health

|
h

this problem.

growth

professionals and authorities to take the necessapg to anticipate the fight againg
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(Hain et al., 2012)

Development of a dashboard to monitg
measure and compare the performanc
pediatric departments. Also enable the]

creation of a transparent repository of
information about the same departm

r,

Eﬁ)rfst steps were taken towards measures and signifimprovements in pediatric
care at the level of care received by patientpregided by health professionals.

(Park et al., 2010)

Developing a dashboard for managing
OT appears a critical feature in a
hospital. A resource that is much need
S0 it is necessary to create a way to
manage the same efficien

eIaashboards will enable you to better manage resdaasing, support cost
management, and plan room utilization by healthozeagers.

(Barrento et al.,
1997)

Development of a dashboard that will
analyze the performance of the

emergency department based on the d

obtained by the Manchester Triage
Protocol. Also perform a comparative
analysis with three hospite

adashboards elevate the ability to view informatioierease capacity analysis of hig
volumes of information.

(Ryan et al., 2013

Development of a dashboard aims to
improve the perioperative process.

The results obtained are exploratory and requidiiadal confirmations. Through a
broader and broader investigation, it can be coit that with the implementation
dashboards, help will be enhanced by improvingtieeperative proce

(Ryan et al., 2017

The dashboard to be suggested for
implementation will allow verifying the
impact of the qualification and
guantification of the improvements in t
preoperative proce

The benefits of Business Process Modeling NotgdffBMN) and BSC use in

management support are presented. The resultshebtare exploratory and require
]additional confirmations and can be expanded astigated more deeply to confirn
the process improvements that the dashboards ineplem

=

(Mallak, 2009)

Promote the use of tools such as Desi
Performance Matrix (DPM) and Design
Feature Implementation Dashboard
(DFID) to create an essential dashboa
to measure hospital efficiency and ass
in decision makint

N

(Ijt allows for the possibility of a more detaileddambjective analysis.

st
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Appendix F — Future Proposed Limitations / Contributions by Article

Articles

Limitation

Future Proposals/Contribution

(Zhang et al.,
2011)

(Stadler et al.,
2016)

For a more comprehensive analysis, it is neceseargrry
out research where a complete analysis is perfotmed
validate the impact of the dashboards. Implemeoriaif a
dashboard with a focus on visibility requires aniray of
employees and more detailed documente

Future Proposals: Research on the benefits ofvitatalization in
healthcare. Contribution: The research is onlyyasiglin the process of
obtaining and making available information, thesggsh is not a
comparative analysis of the results obtained Withrhanual process
versus the computer processor with the help of utzesial:.

(Presthus &
Bergum, 2015)

Fictional scenario, citizen sampling. The groupebdple
was very unholistic. The number of KPI's can inflage

the adoption of the dashboard, but this point lradbaen
analyzed. The research was done only for healthcare

Future Proposals: "For example, is it possiblepjalyaresearch from
disciplines such as User Experience and Usabdiltdashboards in
order to increase adoption?

Related to this, we also make a call for more me$ean the comparisor
between an organizational Bl dashboard and a Bilzsd developed
for citizens. Will there be any significant differees between the two?'
Contribution: At the academic level, it promotesattes in the Bl
health area. The practical contribution, to propmset of guidelines for
the adoption of panels that facilitate the decigimaking process using
Bl and facilitating acces

(Ghazisaeidi et
al., 2015

(Egan, 2006)

(Koronios &
Gao, 2010)

Contribution: The Guidelinesfor future dashboardgedlopment
according to best practices and based on qualityfdafuture

developments of dashboards according to the bastiges and based @
quality date
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The data was collected in a small focus group, whic
limits the generalization of discovery and extrapioin to

Future Proposals: It is necessary to carry out rhetgistic evaluations
of the use of VA in the daily activity of the hdaProfessionals to
improve decision making. Another proposal is taaxblate the
application of the VA in other domains and area$iwithe healthcare

(Al-Hajj et al., [a level of public health interest. These limitati@are industry, including data from the trauma log anthds the emergency
2013) related to information privacy issues. Another tatibn is | patients. Research related to a project that tibépaspects of
that for reasons of confidentiality it is not pdssito synthesizing and optimizing decision making. Cdmittion:
present the patient's data. Confirmation of strong correlation between explgrand understanding
the data and also the ability to obtain informatigenerate knowledge
and make informed decisic
(Al-Hajj et al., Future Proposals: It is suggested that more wodme on collaborative
2012 VA. Contribution: Conducting research related t® YA for healthcar
The research was done by hypothetical questions and
injuries, not on actual data; The sample of theassh wa
relatlvgly small, Wh'(.:h could prevent a more generi Future proposals: consider the limitations indidatethe research and
analysis. The selection of the specialist to agsidte : o .
. . . try to overcome them. Suggest the design of inmevatuster analysis
(Al-Hajj et al., |research was made in a premeditated way basedaon th o . . ) ;
X e and an additional innovative research panel, warehneeded in
2013) knowledge and experience of these. Collaboratigsisns , : : , . : :
; . exploring the integration of visual analysis in lle&nformatics.
are involved because of the heterogeneity of kndgée Contribution: Research using VA in healthcare
and the professional relationships that exist betvibe ' 9
elements of these groups. Data privacy issuesthes 0
limitations that impact the resear
(Providers &

Nelson, 2010)

(Martin et al.,
2017)

The panel was not tested in daily use on an EDnREhe
Delphi research, only Flemish doctors are listed.

Future proposals: in the future, the focus shoeldibimproving the
presentation of information, including color schemdake a prototype
that is tested in ED's daily work. Integration oégiiction and simulation
DEM real-time on dashboards, to provide recommeadsion other ED|
with fewer patients. Contribution: the informatiobtained with the
development of the panel, will allow the decisioakars to make
decisions with more solid bases. The developed!falt@vs the
principles of Design ScienResearct
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(Franklin et al.,
2017)

The flow of use of the dashboard varies dependmtie
influx of Hospitals. Not all hospital have the most
appropriate conditions to be able to make the dzesiab
available to take a decisit

(Perron et
al.,2017

Contribution: Detecting medical performance staddadeveloping a
dashboard that facilitates measurement feed

(Shailam et al.,
2018

( Gordon &
Richardson, -—-- -—--
2013
(Ward et al.,
2014
We did not develop the root of the process, fromaioing [ Contribution: The result of the observation is tRatof the respondents
(Mattingly et [ data, through data cleansing techniques. If thigwlene |to the survey, 77% feel more comfortable usingpidweel because there
al., 2015) from scratch, it would add complexity and increase is better sharing of information among all. It @spible to use in more
development tims robust systems where the availability of informatie crucial
Lack of access to current COPD data. The type taf da
generated, and lack of normalization is a limitatsince
(Alharbey, the algorithm only works with the data type. Ladk Future proposals: Carry out complementary resdaraihat was done
2016) access to current COPD data. The type of data gexter | and add a system of warning mechanisms with thdigiree system.

and the lack of normalization is a limitation sirihe
algorithm only works with the data ty.

(Arinze, 2014)

(Daley et al., | The number of answers obtained in the questionrhiise

2013 fact is due to the short term of the observationodiths
(Donaldson et

al., 2005

(Jha & Epstein,
2010)

Sample size and one-third of almost all non-priofit
hospitals. Non-profit hospitals that represent 16%he
US are not analyze

Contribution: Non-profit healthcare organizatiomsrit have a smaller
focus than was advisable for quality problems,dhigia discrepancy
between hcpitals with poor performance and average performanhis
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is an excellent opportunity to implement new teges and measures
improve these aspec

to

(McGlothlin et

Questions about data quality.

Contribution: Statistical analysis details clinicasults with control set.

al., 2016 Add cost information by analyzing the financial impement obtaine

.The fact that it is a fictional hospital and themier of Future proposals: More research is needed in laspgistics to find
(Mahendrawathii , 7, o . . s ) )

KPI's are reduced is impossible to perform a didvn of | more indicators and also to be possible to cartyaouore detailed
et.al, 2010) . ; :

information analysis to better understand the em and correcit.

Future proposals: The future issues are threectease KPI's to

(Barrento, Research at Euronean level onl amplify and improve the scope of analysis, to @@attomatisms for
2017) P y extracting information and ultimately to expandtber continents and

countries

(Georgiana et
al., 2017)

With the KPI's present in the research it is nadgible to
obtain information about the patients. One improgetn
would be to adopt KF s more customecentric

(Silva et al.,
2012

(Miniati et al.,
2014

(Dixon et al.,
2014)

Future proposals: Future research should focubemapy/treatment.
Emphasizing the combination of IT tools to supplet complex task
definition of therapy/treatment.

(Prevedello et
al., 2010)

The solution cannot be seen as the only solutiongdsher
with a contribution and progress in the researchtfe
creation of dashboards ftheradiology departmer

Contribution: Perform analysis of other Bl toolglather techniques th
may bring more value. Improvements to selected KPI’

(McLeod et al.,
2010)

It was not possible to apply in any ED, nor any
interhospital factor. External factors are many ead
easily influence the distribution analysis of flawthe
emergency room. The organization of ED is cru@aht
success of the research and replication of the .sahee
research was modeled on a particular organizadioa,if it
does not exist in other hospitals, it calls intesfion the
conclusions reache
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(Santos, 2015)

Contribution: Use a data mining algorithm to crgatedictive models.
The aim is to help prevent the evolution of theedse and prevent the
increase in the number of victir

There are variations on the dashboard in the daleof

(Hain et al., data and variations in patient populations. Fdws ltmit
2012) and hinder the lessons that are to be drawn frem th
analysis of i
The complexity of the OR is because it is an asenare
(Park et al several interests converge to compete for limited
2010) " resources, analysis of these flee from the scopleeof

article and are influencers to being able to makeem
certair decisions

(Barrento et al.,
1997)

Future proposals: to promote enlargement and isertfee focus of the
research, enhancing the possibility of repeatiegstme tool in other
areas of the hospital and in other services ofrdtbepital units, as well

(2%{%? etal, The research was done only on a single case as addressing aspects that may not have been memtiyeaddressed by
the authors. Contribution: Analyzing how the Countins Process
Improvement (CPI), the BSC, the Dashboards an®tbeess
Management can contribute to healthc
Contribution: The benefits of PBMN and BSC use anagement
(Ryan et al., The limitation is that the research was done onlao supp_ort are pre_:sent_ed. The results obtained atera.my and_ require
2017) single case additional confirmations and can be expanded agdtigated in a more

profoundly confirm the process improvements thatdashboards
implemen

(Mallak, 2009)

Promote the use of tools such as Design Performance
Matrix (DPM) and Design Feature Implementation
Dashboard (DFID) to create an essential dashboard t
measure hospital efficiency and assist in decigiaking.

Future proposals: to promote enlargement and inertee focus of the
research, enhancing the possibility of repeatiegstme tool in other
areas of the hospital and other services of otbgpital units, as well as
addressing aspects that may not have been inadtheeldressed by th
authors. Contribution: Analyzing how the CPI, the@® the Dashboard

U7

and the Process Management can contribute to baie.
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Appendix G — Dashboard images proposed in 1 Iteration

| -
Dashboard Production & Productivity of the Hospital Unit
Surgery Internment External Consultations = Emergency

Monthly Data Monthly Data Monthly Data | Monthly Data

Annual Data Annual Data Annual Data Annual Data

Figure 19 — Main panel —*1lteration
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Figure 20 — The annual perspective of external appeents — Tlteration
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Figure 21 — The monthly perspective of externaloapments — iteration
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Figure 22 — The Annual Target of External Appointtae- £' Iteration
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Appendix H — Questionnaire answered by the interviewees

Questiol | Do you consider the dashboard important in the lridty theme (Yes / No

1 Yes

2 Yes

3 Yes

4 Yes

Question If you answered yes, why do you consigeidashboard important in this
matter’

1 I think it is useful to have a dashboard thasents us with a first view of the
production data in the sense that at the firstalisation we perceive what is
happening in the institutic

2 It allows immediate monitoring, analysis and nwoing of existing indicators
on the production and productivity of a hosp

3 It allows a multidimensional analysis of the datan easy wa

4 The type of visualization chosen (DashBoard) setenme the most correct, as
it allows us an immediate and comprehensive vietheindicators

DSR Question about the NHS dashboard

Iteratior

Questiol In your opinion, is thiNHS dashboarcomplete (Yes / No

1 Yes

2 No

3 No

4 No

Questiol If you answered no, what do you think is missirggrirthe SNS dashboal

1 —

It is not a question of not being complete, butdeenot have up-to-date

2 information (at the date the information on the st November 2017) and the
way of visualizing the information is not very useendly or immediate. In
terms of navigability thiss also not user friend

3 There should be more detail at the financial andié\l. Development of
health KPIs at the population le\

4 Absence of indicators related to HR and Finanaia:

Questiol Identify what are the positive aspects ol NHS dashboart
The positive aspects in my opinion are the ovelala at national level, the
power to verify whether the institution comparedtber institutions and to be

1 able to follow in some specific ar¢
To date it is the only tool that provides the imf@ation contained in a

2 dashboart

3 It allows for easy benchmarking with other heatttitutions

4 Possibility of benchmarking with other Health Ut

Questiol Identify the negative aspects of the NHS dashbu

1 | do not see annegative aspect, but some points that could beaweapl
The way information is viewed is not very userridéy or immediate. In terms

2 of navigability this is also not user frienc
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3

The fact that the information contained in the @l not properly updated, th
information dates from October 2017 and we areime201¢

[4)

4

The dashboard not updat

Questionswith the proposed dashbo

In your opinion should the dashboard have a BiguRecwith the main KPIs

Questiol (Yes / No)'
1 Yes
2 Yes
3 Yes
4 Yes
If yes, what indicators should be in the Big pietof a production dashboard
Questiol | and productivity
It should always indicate the comparison with tbenblogous year and also at
1 the same time the position with the defirgoal for the year under analy:
The indicators that appear in this, but with thegilility of performing drill
2 down at the specialty lev
With information that is published at the momergsé KPI's present in the Big
Picture are complete. It allows a milestone analg§ithe data and allows a
3 later one to carry out a more detailed analysthefdate
Improve annual comparisons.
4 Allow to deepen / detail the level of analysis {diown).

Questions with the proposed dashb

Question Is there missing information on any of the tabsqY#&lo)’

1 No

2 Yes

3 No

4 No

Question If so, which one

1 -
Add contractual indicators;

2 Add information at the level of the specia

3 -

4 —_——

Question Is the information on thdashboard clear (Yes / N

1 Yes

2 Yes

3 Yes

4 Yes

Question How do you rate the navigability of theltzoard?
Possible Values (Poor, Satisfactory, Good, Veryd

1 Very Goo(

2 Very Goo(

3 Gooc

4 Gooc

Comparison between dashboards

Question

Compared to the dashboards of the MoMiblyitoring of NHS what are the
positive aspects of the proposed dashbc
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We visually have all the indicators on the same&shwithout having to click
1 on eactlindicator

In each segment the user can immediately glimpskealindicators and their
situation. Better navigabilit

N

3 The dashboard is more institutional allowing anlysis of the institutio

| consider the most relevant aspect to be thetlf@ttwe can see data from oul
4 institution

Question Compared to the NHS Monthly Monitoringhdasards what are the negative
aspects of the proposed dashbo

1 There are no negative aspe
2 There are no negative aspe
The NHS dashboard has other types of safety irafig@nd other areas.
3 Comparative analysis of several instituti
4 There are no negative aspe

Finishing Questior

Question Do you consider that the implementatiothefdashboard in this hospital is ap
added value (Y¢/ No)*

Yes

Yes

Yes

Nlw(N|[-

Yes

Questiol Could you justify your answe

By the pressure of having a reading in terms ofgweith homologous periods
and with visualization of defined goals. Althougise information we already
1 have with otheapplications

In each segment the user can immediately glimpgkealndicators and their

2 situation. Better navigabilit

3 They have a Big Picutre, easy to |

4 Effective and visually pleasing access to relevaghitators
Questiol Is there dashboard that addresses the productivity issug (X®)’
1 Yes

2 Yes

3 Yes

4 Yes

Question | If yes, is there any aspect of the proposed dastlibat can be implemented in
the existing dashboard (Yes / No)? If yes, plend&ate which aspec

By the pressure of having a reading in terms ofgweith homologous periods
and with visualization of defined goals. Althougin® information we already

1 have with other applicatior

There is a Bl and FT system in hospital organizeti@mt monitors contracting,
2 allowing you to infer various information from tivedicators

There are two Bl systems from First Target Sina&hwarehouse Sinai and
3 FT BSC solution and dashbot

There are two Bl systems from Frist Target Sina@&hwhehouse Sinai and AT
4 BSC solution and dashboe
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Do you consider that the proposed dashboard hdsapipty in other

Questiol hospitals
1 Yes
2 Yes
3 Yes
4 Yes
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