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Abstract

Maturity models have been adopted in organizations from different sectors of activity, as guides and references for information
system (IS) management. In the healthcare field, maturity models have also been used to deal with the enormous complexity and
demands of hospital information systems (HIS). This article presents a research project that aimed to develop a new comprehensive
model of maturity for a health area. HISMM (hospital information system maturity model) was developed to address the complexity
of HIS and intends to offer a useful tool to meet the demands of its management. The HISMM has the peculiarity of combining a set
of key maturity influence factors and their respective characteristics, enabling not only the assessment of the global maturity of an HIS
but also of the individual maturities of its various dimensions. In this article, we present a methodology for the application and
implementation of this model in HIS, thus contributing to its widespread practical application and acceptance.

Keywords Stages of growth - Maturity models - Hospital information systems - Management - eHealth

Introduction

The technological revolution we are currently experiencing re-
sults from a combination of increased computer acceleration
capabilities, the reach and expansion of the Internet and the
growing ability to capture and leverage knowledge in a digital
format. This technological revolution naturally impacts on
healthcare services, changing the relationship between patients
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and healthcare professionals, that is, providing significant op-
portunities for healthcare professionals to deliver technology-
effective healthcare services to their customers and offering
the latter ways to access all the information they need.
However, healthcare systems all over the world are under con-
siderable pressure to reduce continuously rising costs, while
simultaneously maintaining, or even improving, the quality of
healthcare services [1]. Collateral factors, such as demographic
changes, the lack of qualified healthcare professionals, and the
expectations of, and demands from, patients, local administra-
tors and health insurance companies, hinder the attainment of
this goal [2]. It is strongly expected that a broader adoption of
information systems and technologies (IST) in the healthcare
field will contribute decisively to reducing costs and improving
quality [3]. However, evidence shows that implementing IST
without considering the underlying strategic and organizational
structures and processes, will not necessarily produce the ex-
pected benefits [4]. Indeed, IST are generally perceived as hav-
ing enormous potential to improve healthcare systems, and sev-
eral examples from around the world prove this point.
Unfortunately, some cases have also led to disappointment and
scepticism [5]. Several studies highlight the importance of find-
ing suitable models that improve, measure and assess the suc-
cess rate of healthcare systems-related projects [S]. Maturity
models are a perfect match to achieve these goals.
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Maturity models are available to respond to many different
challenges. These models provide information to assist orga-
nizations in addressing problems and challenges in a struc-
tured way, providing both a reference point to assess capabil-
ities and a roadmap for improving [6]. In other words, matu-
rity models offer orientation through an evolutionary process,
incorporating procedures for improving activities [7].

Various maturity models have been proposed over time,
both for the development of individuals and for the general
evolution of organizations or the particular evolution of the IS
management function. However, as organizations face con-
stant pressures to achieve and maintain competitive advantage
by inventing and reinventing new products and services, to
reduce costs and time to market and at the same time to im-
prove quality, there is a continuing need for development of
new maturity models, since they help decision-makers to
achieve these goals [4]. In health, the volatility of systems,
services, applications and products over time, justifies the ap-
pearance of new maturity models, or at least, the rectification
of existing ones.

The present paper introduces a maturity model called
HISMM and explains how it should be applied in HIS. In
the next section, the opportunity to develop a new maturity
model for HIS is presented and justified, based on the limita-
tions of the existing models. In the following section, HISMM
will be explained, as well as the activities that supported its
development. Finally, the section preceding the discussion and
the conclusion explains the methodology for the application
and implementation of this model in HIS.

HIS maturity model: Necessity vs opportunity

Healthcare and governmental organizations are starting to re-
alize that a certain inability to properly manage health process-
es is directly connected to limitations in technological infra-
structures and to the ineffectiveness of their management [8,
9]. Considering the healthcare context, the weight and signif-
icance of technological transition-related problems becomes
clear [9]. Moreover, the complexity of IT operations has
grown to meet the demands of this sector. This increase in
complexity has led to the introduction of multiple new busi-
ness integration systems, processes and approaches, as well as
the emergence of new companies offering their services in the
field. Consequently, immature products and services are being
implemented by HIS, which are undergoing changes and de-
manding, more than ever, a level of performance and effec-
tiveness that answers their actual needs. In this context, it is
difficult to know whether a good job is being done in manag-
ing these changes and monitoring progress on an ongoing
basis. Furthermore, managing interactions between systems
and processes that are constantly evolving is a difficult task,
as is managing the impacts of low interoperability, safety,
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reliability, efficiency and effectiveness processes. The benefits
of modern technologies in the healthcare field, sustained by
improved methods and tools, cannot be harvested through
undisciplined and chaotic processes [10]. That is why we be-
lieve HIS management must be supported by the implemen-
tation of maturity models.

As in most IS fields, several maturity models have been
proposed for the healthcare field. However, although the spec-
ificities of these models set them apart from those used in other
fields, they remain at an early stage of development [11, 12]. In
the course of our investigation we observed that healthcare
models are insufficiently detailed, fail to offer maturity assess-
ment tools and do not structure their maturity stages according
to influencing factors. Moreover, in our literature review [13],
as well as in complementary studies, we noticed the absence, as
far as we could tell, of a tolerably all-encompassing healthcare
model which assesses the maturity of the different dimensions
of an HIS. Indeed, a thorough analysis of scientific papers,
manuals, reports and websites addressing healthcare-related
maturity models, revealed an absence of maturity models
whose dimensions or influencing factors are taken into account
with different relative weights, according to relevance. Faced
with these limitations, we identified the opportunity to develop
a sufficiently all-encompassing maturity model incorporating
the main HIS influencing factors.

The proposed HISMM - hospital information
system maturity model

In order to develop a new HIS maturity model, we defined a
set of activities in compliance with the established research
methodologies that are considered most suitable for this type
of project (see Fig. 1). Based on our literature review [13], the
activities included a review of key concepts and aspects of
maturity models, i.e., a state-of-the-art review on healthcare
IS maturity models, as well as the identification and definition
of influencing factors adopted in these models. The design
science research (DSR) methodology, in its turn, supported
the activities connected with the identification of the main
influencing factors and the subsequent proposal and validation
of the new model. Based on a survey carried out via a ques-
tionnaire given to 46 HIS experts, we identified the main
influencing factors and developed the first version of our
HISMM [14]. Subsequently, the DSR supported our model
validation through a series of interviews carried out with a
selected group of HIS managers.

To support our decision regarding the methodology to be
applied, we conducted another literature review, in order to
find the state of the art on methodologies to apply in the
conception of maturity models. The approach proposed by
Mettler [7] was in our option due to its characteristics, which
we consider that are appropriated for our model.
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Fig. 1 Activities carried out in the
development of the HISMM

O

Literature
Review

The HISMM [15, 16] was inspired by the revised model of
maturity stages of Galliers and Sutherland [17], and it displays a
conventional maturity-model structure, that is, a matrix compris-
ing different maturity stages and the six influencing factors iden-
tified as the most relevant for healthcare IS [14]. As seen in
Table 1, where our HISMM is described, each factor identifies
the features that typify the focus of each maturity stage. These
factors emerge as reference descriptors or variables that charac-
terize each stage and determine the necessary criteria for
reaching a specific maturity stage. It should be noted that these
influencing factors present different percentages due to their rel-
ative importance, as initially established by the 46 experts who
participated in the survey and then validated by the interviewees.

In other words, the HISMM architecture comprehends the
“levels” (or stages) on an evolutionary scale, with measurable
transitions between levels. With measurable transition states
between levels, hospitals can use this scale to: (1) define the
current maturity stage, (2) determine the next achievable ma-
turity stage and (3) identify the attributes that must be met to
achieve a new maturity stage.

As previously mentioned, HISMM presents 6 dimensions
or influence factors that were considered the most important in
HIS. These influence factors will be briefly described in the
next sections.

Data analysis

Organizations that intend to increase the use of Data Analysis to
optimize costs, profitability, productivity and quality should
consider strategic investments in this field. Healthcare organiza-
tions are clearly no exception to this rule. The collection, storage
and analysis of health data have been, are and will remain some
of the fundamentals in providing efficient healthcare services
and their importance is increasing in line with the growing
amount of health data collected every day [18].

Strategy

The ability to develop a strategic plan and effectively imple-
ment it, is fundamental to the sustainable growth of any orga-
nization, including hospitals. HIS maturity is often measured,
based on the ability to adapt to strategic changes or new op-
portunities. In a time of fast-paced changes and tight IT

~EE A

Survey

Initial Interviews Final
Maturity Maturity
Model Model

budgets, the ability to concentrate efforts on matters, which
are of strategic importance to each department, sector or health
organization as a whole, becomes increasingly critical.

People

People play a central role in health organizations and are, more
than ever, becoming a differentiating factor, assuming an in-
creasingly relevant position in their growth and development
strategies. Depending on how services are configured, health
processes may include patients, health professionals (such as
medical specialists, nurses and radiologists) and IST profes-
sionals, amongst others.

Electronic medical record

The adoption of an electronic medical record system is a pri-
mary goal of modern health organizations, as it is mainly
intended to improve their effectiveness when treating patient
information and making it available in a timely and accurate
form at the point of service [19]. This system works as the
main source of all information relating to the patient, offering
a complete medical record that should be available both online
and when in human contact with the patient.

Information security

The main goals of data security are confidentiality, integrity
and availability. However, safeguarding these goals does not
translate automatically into security measures for health orga-
nizations. Security is achieved by simultaneously preventing
attacks against IST and guaranteeing that the mission of the
organization is fulfilled, despite attacks and accidents [20].

Systems and IT infrastructure

System connected with the health care process are a set of
activities, methods, practices that people use to provide
healthcare services and maintain the environment that supports
the service providers. [9]. As in other activity sector, hospitals
must resort to IST and their IT infrastructure to support all their
activities, both inside the hospital environment and where dif-
ferent health field partners are involved [21].
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Maturity assessment methodology for HISMM

After presenting HISMM, it is necessary to discuss the meth-
odology associated with its application. In fact, the correct
application of the HISMM within the HIS is revealed as fun-
damental, from the perspective of clarifying the positioning of
each hospital at the level of their IS and the perspective of
identifying the aspects of their IS which should be given great-
er attention by management.

The HISMM follows a staged structure and has two major
components: maturity stages and influencing factors. Each
maturity stage is determined by an equal number of influenc-
ing factors for all stages. Each influencing factor is defined by
a variable number of characteristics that specify the key
practices/systems which, when performed, can help HIS meet
the objectives of a particular maturity level. These character-
istics become indicators, which, when measured, determine
the maturity stage. The HISMM defines six maturity stages
and proposes that the HIS under study should ascend from one
stage of maturity to the next without skipping any intermedi-
ate stages. In practice, HIS can accomplish specific practices
in the upper stages. However, this does not mean that stages
can be skipped, since optimum results are unlikely if practices
in the lower stages remain unfulfilled. To move from one
maturity stage to a more advanced stage, the hospital needs
to develop suitable strategies leading the hospital to achieve
the characteristics of the next stage.

Assumptions for HISMM application

In the context of HISMM application, it will be necessary to
consider the following set of assumptions.

+ Itisunlikely that an HIS will, at any given moment, be ina
single stage of maturity for all dimensions/influencing fac-
tors. On the contrary, it is most likely that an HIS will
present characteristics in several stages, making it difficult
to identify its overall stage.

» There are several characteristics of the initial stages that
must be achieved, in order that the characteristics associ-
ated with greater maturity to be achieved as well. For
example, in order that electronic records for all areas
(stage 6) to be achieved, the electronic integration with
administrative systems (stage 2) feature must be
concluded.

* In the implementation of a new HIS, managers who want
to adopt this maturity model should plan the HIS accord-
ing to the defined strategies, without needing to fulfil all
the characteristics from the first stages of maturity. In fact,
some of the characteristics of the initial stages are

automatically achieved by practising procedures associat-
ed with the more advanced stages.

* In the process of progression between stages, HIS managers
should preferably consolidate the characteristics of the stages
already fulfilled. That is, all the characteristics must be sat-
isfied in order to move smoothly to the next stage. Only then
should the priorities be defined according to the strategic
options of each HIS, in order to reach the next stage.

e HIS does not always evolve automatically into higher
stages. There may be situations that force HIS to retreat
into the previous maturity stage in a given dimension. In
fact, if a specialized HIS professional leaves, changes in
people management can lead to a regression of HIS ma-
turity. The same can happen if the implementation of a
system does not have the expected success.

* Concerning the determination of the stage of maturity, an
HIS to be in a certain stage does not have to have all
characteristics materialized. If all the characteristics of a
certain stage are fulfilled, the HIS has this stage completed
and is in the next maturity stage.

Maturity determination

As previously mentioned, HISMM has a two-dimensional
structure to which a hierarchy of levels can be assigned
(Fig. 2). The first hierarchical level is HISMM itself, which
measures the overall maturity of HIS between 1 and 6. The
second level is represented by domains called influencing fac-
tors (IF). These domains must be measurable and controllable
and are related to a third hierarchical level called “critical
variables” (CV) or characteristics. Each IF can be measured
according to its positioning associated with the maturity stage
(between stage 1 and stage 6), which can be determined by the
existence or non-existence of CV (i.e. CV are Boolean type). It
should also be noted that the calculation of the general maturity
of the HIS will take into account the different weights associ-
ated with the FI. In fact, there are IF that present themselves as
more influential, according to a study by Carvalho et al. [14].

Therefore, the maturity stage of each HIS studied is mea-
sured by assessing progress for each influencing factor, indi-
cated by an analysis of the respective CV. To qualify for a
specific maturity stage, the HIS under study, at least must
perform most of the key practices of the previous stages suc-
cessfully. Firstly, for each maturity influencing factor, the per-
centage of characteristics (% CV) achieved in each stage will
be calculated. For each maturity influencing factor, the hospi-
tal is at the stage of the corresponding numerical value, which
can be calculated using the following formulas:

Maturity Level IF1 = 1 + INT [%CV (stagel) + %CV (stage2) + .... + %CV (stage6)] (1)

@ Springer
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Fig. 2 Hierarchy of levels for maturity determination with HISMM

Maturity Level IF2 = 1 + INT [%CV (stagel) + %CV (stage2) + .... + %CV (stage6)]

Maturity Level IF6 = 1 + INT [%CV (stagel) + %CV (stage2) + .... + %CV (stage6)]

After calculating the stage of each IF, it will be possible to
calculate the overall maturity of the HIS. To calculate the
overall HIS maturity, taking into account all influencing fac-
tors and their respective weights, the following formula
should be used:

HIS Maturity = Maturity Level IF1" 15% + Maturity Level IF2" 16.7%+
Maturity Level IF3 *' 19.1% + Maturity Level 1F4*' 16.8%+
Maturity Level IF5™ 15.7% + Maturity Level IF6" 16.7%

(4)
Conduct of survey
A protocol (Fig. 3) will be developed to ensure consistency of

data gathering when conducting the HIS maturity evaluation
process. Following an initial meeting at which the model and

(2)
(3)

its origins are presented, a survey will be used to gather data
during the evaluation process. An extensive survey will be
conducted to apply the model to a hospital whose HIS will
be evaluated.

When we design the survey, one of the difficulties was to
define the right questions in terms of quality and quantity, in
order to obtain relevant and useful information for a meaning-
ful analysis. The final maturity survey contained over 220
questions categorized by influencing factor, coverage and pro-
ficiency. The questions result in verifications of the existence
or inexistence of a certain characteristic or CV. Table 2 pre-
sents three examples of survey questions arising from the
HISMM characteristics.

In an effort to increase user acceptability, the survey will be
developed to enable completion either by different people for

1. The HISMM its structure and purpose are presented

NS

2. Identification of the competent professional to make the self-assessment of the influence factor

N

3. Answer the questions associated with the influence factor

S

4. Perform the maturity calculation in coherence with the established algorithm

A4

5. Analyse the results and return them to the organization for comments and verification

Fig. 3 Protocol to conduct the survey for HIS evaluation

@ Springer
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Table 2 Some examples of survey questions

HISMM characteristic Survey questions
* Ability to drill down from a summary to the In the context of data analytics, the system has the ability to Yes
particular conditions of the patient drill down from a summary to the particular conditions of the patient? No o
* Analysis and development of skills Are there any procedures for analysing and developing people’s skills? Yes
No o
« Interoperability assessment processes Are interoperability assessment processes in place? Yes
No o

each influencing factor or by a single individual (CIO or an-
other HIS professional) who has a deep knowledge of all HIS.
In this context, the organization (hospital) should be able to
identify specialists for each influence factor. The results of the
survey will be analysed and fed back to the organization for
comment and verification.

Maturity assessment tool

As part of this project, an assessment tool was designed
(designated electronic HISMM or eHISMM) along with
the maturity model that allows a practical application of
the model. This assessment instrument is based on the
questions used in the survey referred above. Thus, to eval-
uate the HIS maturity using the eHISMM and the mea-
surement instruments that will be proposed, it is necessary
to obtain a set of data from the responses to the question-
naire based on the indicators (CV) that define the
influencing factors of our maturity model.

Fig. 4 Example of application,

The eHISMM will be an online platform available 24/7,
which will serve not only to assess the overall maturity of HIS
but also the maturity of its different influencing factors. This
automatic tool presents other features that complement the
entire HIS characterization process as follows.

* Detailed characterization of HIS under study.

*  Summary information on HISMM and the entire evalua-
tion process.

+ Comparison between HIS maturities of different hospitals.

+ HIS positioning in relation to the average maturity of the
category in which the hospital stands.

» Evolution over time of HIS maturity.

» Feedback on success cases with initiatives that have im-
proved HIS maturity.

» Diversified graphical presentation of HIS maturity results.

+ Identification of the characteristics that must be reached to
improve HIS maturity.

* Semi-annual reports on the general maturity of national
(and international) hospitals.

STAGEI | STAGEN | STAGEINl | STAGEIV | STAGEV | STAGEVI
calculation and presentation of
HIS maturity | 4
DATA ANALYSIS ‘ 3
STRATEGY B 2
PEOPLE . / 4
ELECTRONIC

MEDICAL RECORD

INFORMATION
SECURITY

J
9 D G

SYSTEMS AND IT
INFRASTRUCTURE

¢ €6 € CC
AL AL AN
G €6

2 OO

HIS maturity| 3,53
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* Input and analysis of new characteristics for HISMM,
based on recommendations introduced by participants.

As an example of the HISMM application, we present the
hypothetical results of an HIS that obtains a general maturity
of 3,53 after calculating formula (4), although it has different
maturities for the 6 influence factors. For example, in the case
of Data Analysis, this HIS has 90% of the characteristics ma-
terialized for the 1st stage, 80% for the 2nd stage, 40% for the
3rd stage, 10% for the 4th stage and 0% for the 5th and 6th
stages. Thus, formula (1) would result in value 3 for this IF. In
the following Fig. 4, is presented the table described the ma-
turity for this HIS.

Discussion

The outcomes of this work suggest that the designed and em-
pirically validated HISMM, which includes six stages of HIS
growth and maturity progression, enables both the assessment
of the global maturity of an HIS and the individual maturity of
its various weighted dimensions. The HISMM, as an artefact,
also represents a practical application for decision-makers in
the process of situationally setting goals and systematically
enabling the HIS to evolve toward higher maturity levels.
This process can now be supported by the HISMM architec-
ture, which includes various comprehensible evolutionary
stages with associated measurable indicators. The HISMM
can be applied to a wide variety of conditions and circum-
stances, and through the systematic application methodology
presented here, will be easier to implement and use for man-
agers who want a simple and versatile tool for the maturity
evaluation of their HIS.

Stage-based maturity models are often criticized for being
overly simplistic in nature [22]. In principle, this current em-
pirically validated model provides all the necessary means for
evolving through the different stages of maturity and simulta-
neously presents distinctive characteristics associated with
each of the main sub-areas of HIS. HIS implementations can
also be evaluated, taking into account that their different
stages of maturity can be determined by the weights of their
different sub-areas. Therefore, the HISMM allows for situa-
tional routes and improvement roadmaps, thereby avoiding
the linearity pitfall of most stage-based models, in order to
achieve the strategic direction of the hospital. Currently, hos-
pital decision-makers are under pressure to reduce operational
costs, while simultaneously improving their hospital’s effi-
ciency and effectiveness using costly IST. It is within this
process that they should manage the implementation, adoption
and acceptance of new digital technologies and systems with-
in the hospital enterprise. Our HIMSS model is, therefore, a

@ Springer

promising route by which to address the many challenges that
hospitals face.

Conclusion

The current article concerns a research project whose objective
is the development and implementation of a comprehensive
maturity model for the HIS area. Comprehensive model of ma-
turity, in order to include several dimensions associated with the
information system, especially in identifying ways to optimize
it. As far as we know, none of the identified maturity models in
the literature has a sufficiently focused on the capability of the
IS support complex, diversified, interoperable and dynamic or-
ganizational processes of HIS. In this perspective, there is an
opportunity for proposing a new model to fill the gap.

The results of this investigation have been both encourag-
ing and promising, revealing a high level of acceptance among
the interviewed managers, as well as several additional re-
quests for information that we have been received from man-
agers and health professionals from various parts of the world.
This good level of acceptance has encouraged us to clarify
how this model should be applied.

Following the conclusion of the model development and
validation phase, the effort focuses on the methodology for
HISMM application in hospital organizations. In fact, the prac-
tical application of HISMM is fundamental, in order to provide
the manager with the identification of the HIS maturity level. In
addition, with the HISMM application, it is possible to identify:
the aspects that should be given maximum attention in order to
progress to a higher maturity, the evolution over time of the HIS
maturity and the HIS positioning in relation to the average
maturity of the hospital category, among other features.

As future work, we intend to conclude the design and con-
struction of the eHISMM automatic tool presented in this
article. In addition, it is planned to implement this methodol-
ogy in several hospitals, in order to concretize the associated
procedures for the consolidation of this methodology. These
two goals are very important for the success of such maturity
model in terms of recognition, strength and relevance, in both
the health sector and in the society in general.
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