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ABSTRACT Clinical software is a fundamental tool for supporting healthcare systems because it improves
the quality of patient care and automatizes the most frequently performed clinical tasks. Nevertheless, since
health systems include various components, such as supplies, transportation, laboratories, and interoper-
ability, eliciting the most critical requirements for understanding the problem that the clinical software
must solve is quite a complex task. Indeed, the requirement elicitation process may directly determine the
success or failure of the clinical software. In this article, we present the D&I framework, a methodology
that uses dissemination and implementation strategies to recommend guidelines for the elicitation of clinical
software requirements. The objective of this framework is to support software developers in the identification
of key requirements with the goal of more holistically understanding the problem to be solved by the
clinical software. We evaluated the D&I framework with a real case study related to a bed management
system. We employed a usability instrument with 50 clinicians to evaluate tasks in software modules that
represent clinical priorities defined by stakeholders. The results indicate that the perception of usability by
end users is acceptable, suggesting that the evaluated tasks satisfy the established clinical priorities. The D&I
framework provides a starting point for research and discussion about the contribution of dissemination and
implementation strategies to the body of knowledge about requirement engineering.

INDEX TERMS Requirements elicitation, implementation strategies, dissemination strategies, software
development, stakeholders.

I. INTRODUCTION
The introduction of clinical software to digital health has
produced significant advantages from the perspective of clin-
ical management, since such software focuses on improv-
ing, assisting and supporting the daily activities performed
by clinicians and automating various administrative pro-
cesses [1]. Additionally, such software facilitates communi-
cation between clinicians and patients, ensuring data privacy
and reliability.

Health systems are often composed of several compo-
nents of different natures [2]. Some of these components
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correspond tomanagement, interoperability, human resources,
clinical departments, and laboratories, among others. There-
fore, developing and deploying clinical software can ulti-
mately involve the interaction of one or more components of
a health system, making the requirement elicitation process
a fundamental and complex activity. Requirement elicitation
describes the collaborative process between users and stake-
holders that reveals the needs, functionalities and properties
that the software must address [3]. Consequently, if this
process is improperly conducted, the problem that the clinical
software must solve cannot be entirely addressed.

The consequences of incorrect requirement elicitation can
be extrapolated from clinicians’ rejection to poor software
development management. On the one hand, several studies
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(such as [4]–[6]) have established that incorrect require-
ment elicitation causes the clinical software to fail to sat-
isfy clinician and stakeholder expectations, thus leading to
rejection of new technologies in clinical processes. On the
other hand, other studies (such as [7]–[11]) mention that if
clinical software developers do not have the correct tools for
eliciting requirements in health systems, some issues may
arise that compromise project success. Some of these issues
are (i) unclear project goals, (ii) lack of stakeholder support
and involvement with the end user and (iii) poor planning and
unrealistic scheduling or resource requirements.

In this article, we present the D&I framework, a methodol-
ogy that uses implementation and dissemination
strategies [12] to recommend requirement elicitation guide-
lines [13] that support clinical software developers in the
identification of requirements in health systems. The novelty
of this framework is related to the use of dissemination and
implementation strategies that define methods that translate
clinical research into practice. The framework uses clinical
priorities defined by stakeholders as inputs to be translated
into implementation strategies. Through a multidimensional
catalogue, these implementation strategies enable the recom-
mendation of requirement elicitation guidelines to identify
and characterize the problem that the clinical software must
solve. To evaluate the D&I framework, we conducted a case
study in which we analysed a bed management system that
was developed using the D&I framework.

The main contributions of our research are as follows:
• The generation of a framework that recommends
requirement elicitation guidelines based on clinical
priorities

• The use of dissemination and implementation strategies
as mechanisms for requirement elicitation

• A model and a multidimensional catalogue that
translates implementation strategies into requirement
elicitation guidelines

This article is organized as follows: Section II describes
the background; Section III describes the related work;
Section IV describes the D&I framework; Section V details
the case study; Section VI discusses the threats to validity;
and Section VII concludes the article and describes future
work.

II. BACKGROUND
This section describes the main research concepts, which are
elicitation requirement and dissemination and implementa-
tion sciences.

A. REQUIREMENTS ELICITATION
Requirement engineering refers to the process of develop-
ing and deploying software [14]. Requirement engineering
uses principles, methods, techniques, and tools that allow the
requirements of systems to be discovered, documented, and
maintained in a systematic and repeatable manner.

Requirement engineering is organized into activities whose
objective is to understand, structure and document the needs

that users wish to satisfy in software. One of these activities
corresponds to requirement elicitation; requirement elicita-
tion consists of various techniques to identify the stakehold-
ers’ needs, which are generally described in natural language
and thus with ambiguities [3]. Eliciting requirements means
inquiring, investigating, and understanding a problem that
needs to be solved, a need to be addressed, or a functionality
that must be created.

The objectives of requirement elicitation are the defini-
tion of (i) the tasks to be performed, (ii) the products to be
obtained, and (iii) the techniques to be employed during the
software development [13].

B. DISSEMINATION AND IMPLEMENTATION SCIENCES
Dissemination and implementation sciences (D&I) is a disci-
pline that investigates the factors that influence the effective
and comprehensive use of scientific and technological inno-
vations in practice, aiming to maximize the beneficial effects
of health interventions [12]. D&I is formally defined as the
study of methods that promote the systematic incorporation
of research findings into clinical routines, with the aim of
improving the quality and effectiveness of health services,
thus contributing to maximizing the favourable effects of
health interventions [15].

Implementation science is concerned with studying the
adoption of clinical interventions supported by scientific
evidence by providers and health systems, aiming to
bring evidence-based medicine into evidence-based practice.
Implementation, in turn, encompasses the deployment and
implementation of a wide range of interventions, such as poli-
cies, programmes, practices, strategies and services aimed at
improving people’s health [16].

On the other hand, dissemination sciences refer to the
dissemination of information about the results of the eval-
uation of a clinical intervention, clinical practice guide-
lines or the impact assessment of a strategy or policy.
Pedagogical designs may assist dissemination, along with
information and communication technologies. While imple-
mentation includes the dissemination of information, it is part
of a more significant effort to create effective strategies that
must be adequately communicated to stakeholders [17].

III. RELATED WORK
This section introduces the existing work that addresses tech-
niques and methods for eliciting requirements in the health-
care domain and studies that use D&I strategies to identify
and/or elicit requirements.

Proynova et al. [18] discuss the importance of stakeholders
in the development of health information systems. Funda-
mentally, the authors mention that the requirements described
by stakeholders cannot be based merely on objectives. There-
fore, the authors propose considering stakeholders’ personal
values, obtained through psychological techniques, in the
elicitation of requirements. For this purpose, this study
describes a technique to detect personal values and their
relationships to describe and define software requirements.
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This study highlights the importance of defining stakeholder
profiles for identifying and eliciting requirements. However,
the authors do not use D&I strategies to identify stakeholders’
personal values.

Salini and Kanmani [19] mention the importance of
information accuracy in health information systems. More
precisely, the authors analyse the complexity of health secu-
rity. With the aim of strengthening security requirements in
health information systems, the authors propose the MOSRE
(Model-Oriented Security Requirement Engineering) frame-
work. This model is used to detect and elicit requirements
related to threats and vulnerabilities in E-Health systems.
Although the proposal addresses the complexity of eliciting
requirements in the health context, the authors use a frame-
work based on security requirements modelling rather than
using D&I strategies.

Cysneiros [20] discusses the different approaches that
can be used to describe requirements in the healthcare
domain. The author emphasizes that health is a complex
domain, and several problems may emerge in the elicitation
of requirements in health information systems. In this regard,
the author’s proposal is based on describing his experiences
with software requirement elicitation during his practical
experience in hospitals and laboratories. The experiences
described in this study are relevant for a better understanding
of how to elicit requirements for developing clinical software.
Nevertheless, these experiences make little reference to D&I
strategies.

Teixeira et al. [21] address the problem of requirement
elicitation in the health domain through the use of mock-
ups and prototypes. According to the results described by
the authors, these strategies improve the effectiveness of sys-
tem requirement elicitation in the health context. Although
using mock-ups and prototypes proves to be an excellent way
to elicit requirements, the authors’ proposal focuses more
on eliciting requirements through software representations
rather than using D&I strategies.

Glasgow et al. [22] use implementation and dissemination
sciences in a framework called RE-AIM (Reach, Effective-
ness, Adoption, Implementation, and Maintenance) to plan
and evaluate projects of different natures. The authors use
this framework to identify project requirements and guide
planning in five projects related to improving health ser-
vices for the Veterans Health Administration (VA). The study
results indicate that the use of implementation strategies helps
various types of projects achieve rapid and feasible adapta-
tions by stakeholders. The main focus of the authors is to
use implementation strategies to evaluate projects. Although
the authors mention that the results obtained suggest that
implementation strategies can be used in different types of
projects, this study does not address the use of D&I strategies
in technology projects.

Sisk et al. [23] proposed a framework that translates eth-
ical norms into practice using implementation science. The
authors argue that once a normative claim is developed,
it is imperative to make changes based on this standard.

However, the authors mentioned that promulgation of stan-
dards is a process that requires multidisciplinary collabora-
tion of individuals with extensive expertise that goes beyond
normative ethics. Thus, the authors use implementation sci-
ence to employ explicit implementation strategies that help to
drive changes in ethical standards. This study shows how the
use of implementation strategies is successful in translating
requirements that represent ethical standards for healthcare
into practice. Nevertheless, the authors do not address how
these ethical standards can be used in technology projects.

We realize that several proposals exist to help identify,
elicit, and describe software requirements for clinical soft-
ware. On the one hand, some studies [18]–[21] describe the
challenges involved in eliciting requirements to understand
the problem to be solved by clinical software. On the other
hand, other studies [22], [23] show that the use of D&I
strategies produces favourable results for eliciting and char-
acterizing requirements in different types of projects. Despite
this interest, to the best of our knowledge, few researchers
have studied the use and impact of D&I strategies as a mech-
anism for requirement elicitation to support the development
and deployment of clinical software. Therefore, our research
attempts to complement the existing body of knowledge
about requirement elicitation in the context of healthcare
by introducing D&I strategies to enhance the adoption and
implementation of clinical software.

IV. THE D&I FRAMEWORK
The framework (see Figure 1) considers two entities:
• IT professionals: This entity corresponds to all types of
IT professionals (e.g., developers, analysts, and archi-
tects) who participate in the development and deploy-
ment of the system.

• Clinicians: This entity represents every clinical pro-
fessional who is related to or involved in the system.
This entity is very knowledgeable about its domain
and the clinical processes concerning the system to be
developed.

The conceptual idea of the D&I framework is based on
the science of dissemination. Dissemination sciences drive
the adaptation of clinical interventions for deployment in
practice through the use of dissemination agents who work
hand-in-hand with practice-based agents to choose, adapt and
implement evidence-based programmes [12]. Dissemination
sciences have been used and evaluated in several case studies,
ranging from the development and deployment of clinical
alert systems [24] to the study of public health system effec-
tiveness [25]. Therefore, since clinical software must gen-
erally translate diverse and complex clinical interventions,
we believe that the dissemination sciences can be beneficial
to facilitating this translation.

The D&I framework is inspired by the dissemination
approach proposed in [26], which aims to expand evidence-
based methods to clinical practice using design teams and
dissemination field agents. The approach considers the fol-
lowing entities:
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FIGURE 1. The framework D&I overview.

• User review panels to identify interventions for which
there is genuine demand;

• Design and marketing teams to convert in-demand inter-
ventions into practice-ready programmes; and

• Dissemination field agents to generate awareness, pro-
vide training, and support the use of evidence-based,
practice-ready programmes by adopters.

Similarly, the D&I framework defines a review panel com-
posed of IT professionals and clinicians who identify the
clinical priorities (interventions) that clinical software should
address. In turn, the D&I framework also uses a design
team (our proposal does not address marketing procedures)
that converts clinical priorities into implementation strate-
gies (practice-already programs). Finally, the D&I framework
does not use dissemination agents but rather requirement
elicitation guidelines to promote the use of explicit imple-
mentation strategies in the requirement elicitation process.

The D&I framework considers two phases, which are
described in the following sections.

A. PHASE I: STAKEHOLDERS AND CLINICAL PRIORITIES
The first phase of the framework corresponds to stakeholder
and clinical priority identification. The objective of this phase
is to bring together a group of people who belong to the
clinical software domain to obtain a holistic view of the main
perspectives that must be addressed. We were inspired by the
proposal of Anwar and Razali [27] to define a stakeholder
selection process. Below, we describe the steps we execute to
select the stakeholders:

• Description of the clinical software context: This first
step corresponds to the description of the context in
which the clinical software will be developed. The
objective of this step is to identify the needs and the
problem that the clinical software must solve.

• Identification of stakeholders: Once the context has been
described, the next step is to identify all the stakehold-
ers that engage with the clinical services in which the
clinical software will be used. The objective of this step
is to identify the mandatory and optional stakeholders.

The classification of mandatory or optional depends on
the importance of the stakeholders in using the clinical
software.

• Stakeholder selection: In this step, we proceed to inter-
view each stakeholder to select themandatory stakehold-
ers who should use the D&I framework. We sometimes
also interview the optional stakeholders. The inclusion
of optional stakeholders depends on the context and
complexity of the clinical software.

Each selected stakeholder is identified using the following
fields:
• Name: Describes the name of the stakeholder.
• Role: Describes the role of the stakeholder in the clinical
service in which the software will be used (e.g., ‘‘floor
nurse’’)

• Activity in the clinical service: Details the main clinical
activities that the stakeholder performs in the clinical
service (e.g., ‘‘performing healing and palliative care
activities on patients’’).

• Interest in the system: Identifies the stakeholder’s expec-
tation of the clinical software (e.g., ‘‘the stakeholder
wants to manage patient demographics and visualize
them through a dashboard’’).

• Role in the system: Identifies the profile of stakeholders
in the system (e.g., ‘‘end-user’’)

These fields allow the characterization of the importance
of the stakeholders in the project. Regarding the stakeholder’s
role, this field helps IT professionals understand the degree of
influence of a certain stakeholder in the project. Regarding
the fields (i) activity in the clinical service, (ii) interest in
the system and (iii) role in the system, these fields allow
IT professionals to analyse and identify possible groups of
stakeholders with similar characteristics. In addition, these
fields also allow IT professionals to identify individual char-
acteristics and interests, determine what motivates them, and
determine whether there are conflicts between them [28].

Subsequently, the next step suggested by the D&I frame-
work is to establish a review panel. This review panel,
made up of the already identified stakeholders, should
define the clinical priorities that the software should address.
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Clinical priorities are systematically defined statements that
support IT professionals in making decisions about practices
and procedures for specific clinical circumstances. These
priorities, expressed in natural language, describe which
treatments, concerns or clinical professional services should
be prioritized in clinical software. The analysis of clini-
cal priorities helps IT professionals classify stakeholders,
select or exclude stakeholder concerns, support technology
decisions, and more. The D&I framework determines clin-
ical priorities through an event (e.g., meeting or workshop)
that allows stakeholders to make decisions by consensus.
This step follows others inspired by practical experiences
(such as [29]–[31]) to discuss, vote on and select decisions.
Therefore, the steps that the D&I framework establishes for
selecting clinical priorities are as follows:

1) Each stakeholder describes and argues for the clinical
priority or priorities that, according to their judgement,
should be addressed in the clinical software.

2) A moderator (IT professional) records the rationales
given by the stakeholders.

3) If one or more clinical priorities are selected by all
stakeholders, it is added to the list of clinical priorities.

4) If there is no consensus on a clinical priority, stake-
holders can argue their rationale and try to make a new
common choice. If the stakeholders still do not reach
an agreement, the clinical priority is rejected.

5) Repeat steps 1), 2), 3) and 4) until no clinical priority
remains to be analysed.

Since the scope of the review panel can be extensive, it is
prudent for the moderator to impose some restrictions regard-
ing the identification of clinical priorities. These restrictions
state that clinical priorities (i) must be focused on clinical
activities and services and (ii) must describewhat inputs, clin-
ical processes and/or data surround them. Finally, the primary
artefact obtained from this phase is a list that describes the
main clinical priorities that the software must address.

B. PHASE II: IMPLEMENTATION STRATEGIES AND
REQUIREMENT ELICITATION GUIDELINES
In this phase, a multifunctional team consisting of IT profes-
sionals and clinicians (design team in Figure 1) is created.
This team’s purpose is to select implementation strategies
that will make it possible to address clinical priorities. The
D&I framework uses a knowledge source to generate the
recommendation of requirement elicitation guidelines once
the strategies are selected. This source of knowledge is com-
posed of a model and a multidimensional catalogue that
describes the relationship between implementation strategies
and requirement elicitation guidelines.

1) A MODEL OF IMPLEMENTATION STRATEGIES AND
REQUIREMENT ELICITATION GUIDELINES
Aiming at translating implementation strategies into require-
ment elicitation guidelines, we propose a model that rep-
resents in general how evidence-based intervention (EBI)
relates to requirement engineering (see Figure 4).

FIGURE 2. Implementation strategies and requirement elicitation
guidelines model.

EBI is a discipline of D&I that represents practices or pro-
grammes that have documented and peer-reviewed, empirical
evidence [32]. EBI uses a set of integrated policies, strate-
gies, activities, and services whose effectiveness has been
proven or reported by the scientific community, and in turn,
it is described by implementation strategies, which establish
a set of implementation outcomes [33]. These outcomes are
immediate effects represented by systems services, behaviour
changes, and guidelines, among others, whose objective is
to improve broader population health. Since the implemen-
tation outcomes are oriented towards different areas of the
population [33], they can be organized through factors. These
factors encompass a set of concrete strategies influenced by
various viewpoints representing clinical processes, organi-
zational aspects, government policies, and others. Some of
these viewpoints, such as project and organizational char-
acteristics, can be used to represent requirement elicitation
guidelines [34].

2) A MULTIDIMENSIONAL CATALOGUE OF
IMPLEMENTATION STRATEGIES, REQUIREMENT
ELICITATION GUIDELINES AND FACTORS
With a goal of using the model to recommend requirement
elicitation guidelines, we conducted the following activities:

a: IMPLEMENTATION STRATEGIES
We started by identifying the implementation strategies that
can be translated into requirement elicitation guidelines. For
this purpose, we used the implementation strategies identified
by Powell et al. [35]. The authors provide a list of 73 discrete
strategies that can serve as ‘‘building blocks’’ for construct-
ing multifaceted, multilevel implementation strategies for
implementation efforts or comparative effectiveness research.
Subsequently, two researchers on our team, along with three
clinicians from the National Center on Health Information
Systems (Chile)1, analysed the implementation strategies and
identified those associated with technology-related imple-
mentations. For this reason, we used the guidelines described
by Kirchner et al. [36] to analyse and describe each imple-
mentation strategy. These guidelines suggest categorizing

1https://cens.cl

VOLUME 8, 2020 145791



G. Márquez, C. Taramasco: Using Dissemination and Implementation Strategies

TABLE 1. Implementation strategies description.

each implementation strategy by identifying the granular-
ity of the strategy, the action that describes the strategy,
the conceptual target the strategy attempts to impact, and the
implementation outcome. To avoid bias in the selection of
implementation strategies, we conducted a workshop where
each researcher and clinician selected implementation strate-
gies based on their judgement. Later, in a group activity,
we selected the strategies that were unanimously selected,
i.e., the strategies chosen if all the members of the workshop
chose it.

The implementation strategies we considered were mainly
related to developing stakeholder interrelationships, support-
ing clinicians and adapting and tailoring contexts. Those we
omitted were related to financial issues and organizational
infrastructure. These types of strategies described actions
linked to managing financial and administrative resources;
therefore, they did not belong in our research focus. In con-
clusion, Table 1 summarizes the identified strategies.

b: FACTORS
Subsequently, we identified the factors that allowed us to
characterize implementation strategies and represent require-
ment elicitation guidelines. For this purpose, we used
Kheirkhah et al.’s proposal [34], which describes the

necessary abilities to select requirement engineering tech-
niques, which are additionally organized under three points of
view: technique attributes, project characteristics, and organi-
zational characteristics.

Since the proposal describes factors for different tasks
in the requirement elicitation process (such as modelling,
analysis, validation, verification, and management), we used
factors that characterize only requirement elicitation tasks.
These factors were as follows:
• Techniques attributes

– Ability to facilitate communication
– Ability to help understand social issues
– Ability to help obtain domain knowledge
– Ability to help obtain implicit knowledge
– Ability to help identify non-functional

requirements
– Ability to help identify viewpoints

• Project characteristics
– Ability to elicit complex requirements
– Ability to identify requirements based on project

size
– Ability to precisely elicit requirements to reduce

volatility
• Organizational characteristics
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– Ability to support customer/client involvement
– Ability to elicit requirements based on organiza-

tional changes

c: REQUIREMENT ELICITATION GUIDELINES
We then explored primary studies reported in systematic
literature reviews regarding requirement elicitation, such as
[37]–[39], to identify potential techniques to perform imple-
mentation strategies. This review aims to develop a compre-
hensive set of proposals to be evaluated and subsequently
included in the D&I framework as guidelines. We classified
each primary study using the following categories:

• Study title
• Authors
• Context: In this category, we summarize the context of
the primary study.

• Problem: This category concisely describes the main
problem addressed by the primary study.

• Proposal: This category details the proposed method or
technique of the primary study related to requirement
elicitation.

• Validation: This category describes how the primary
study validated the proposal (case study, experiment,
survey, interview, other).

• Results: This category summarizes the main findings of
the primary study.

d: MAPPING
In this final activity, we proceeded to map implementation
strategies to factors and factors to requirement elicitation
guidelines. For each implementation strategy, we manually
organized the factors that allow the implementation strategy
to be executed. For example, Table 2 shows the factors that
characterize the implementation strategies S1, S2 and S14.

TABLE 2. A portion of the mapping regarding the characterization of
implementation strategies and factors.

Once the factors for each strategy were established,
we defined criteria to determine which requirement elici-
tation guidelines represent these factors. For each primary
study, we applied the following criteria:

• Does the primary study clearly describe the research
objectives?

• Does the primary study include research, propos-
als, practices, or recommendations regarding software
requirement elicitation?

• Does the primary study describe how it addresses the
factor under revision?

• Does the primary study describe how the proposal is
validated?

Each criterion is evaluated using the following values:
Yes (value = 1), Partial (value = 0.5) and No (value = 0).
Furthermore, we established that a primary study is accepted
if the final criteria score is 0.75. Thus, out of a total
of 85 primary studies reviewed, 27 (32%) were accepted,
and 58 (68%) were omitted. Therefore, we used this set
of accepted primary studies as a source to identify and
describe the corresponding guidelines to elicit requirements.
For this purpose, we grouped the primary studies based on
the proposal they define. Consequently, Table 3 describes
the guidelines, the description of these and the correspond-
ing primary studies that support each guideline. Addition-
ally, Figure 3 represents the multidimensional catalogue that
describes the relationship between requirement elicitation
guidelines, implementation strategies, and factors.

FIGURE 3. Implementation strategies, requirement elicitation guidelines
and factors catalog.

Finally, the combinations described in the catalogue gen-
erate a set of guidelines for the elicitation of requirements
that the IT professional should evaluate. The selection of
guidelines depends on the project’s context and resources
and the judgement of the IT professional. It is important
to mention that the evaluation and selection of guidelines
may consider more than one IT professional. This decision
depends on the complexity of the clinical software.

C. ILLUSTRATIVE EXAMPLE
Let us assume that part of the clinical priorities for a cer-
tain clinical software project are the following: ‘‘we need to
create clinical examination requests for the paediatric ser-
vice,’’ and ‘‘we need to monitor the results of paediatric
examinations already validated or pending’’ (see Figure 4).
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TABLE 3. Requirement elicitation guidelines.

Furthermore, these priorities involve two clinical services:
paediatrics and ward.

The design team discusses and analyses the priorities and
selects the following implementation strategies: S1, S3, S5,
S6 and S7. The rationale behind these decisions is summa-
rized in the following points:
• The design team selected S1 because they know that the
paediatric and ward services do not know each other
very well. This situation may lead to communication
problems between end users of both services.

• The main reason S3 was selected is that both ser-
vices (paediatrics and ward) have different management
processes.

• Similar to S3, the team selected S5 as a strategy
because it may produce new procedures from this clini-
cal priority.

• S6 was selected because it is necessary to understand the
needs of both services to satisfy the clinical priorities.

• According to stakeholders, it is necessary to develop
tools to monitor paediatric examinations (S7).
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FIGURE 4. Illustrative example.

The multidimensional catalogue (see Figure 3) generates
the corresponding recommendations of requirement elicita-
tion guidelines. Finally, the IT professional analyses each
guideline and selects those that best help her/him elicit
requirements. In this example, the IT professional performs
the following steps:
• Apply domain modelling techniques to determine which
entities are similar or different and the relationships
between entities and clinical services (RE3).

• Apply business modelling techniques to understand the
inputs and outputs of each service to integrate both
processes (RE6).

• Since both services are composed of clinicians with
different profiles, it is necessary to identify if there
are conflicts between clinicians that may compromise
functionalities of the clinical software. For this purpose,
brainstorming sessions are adequate to elicit require-
ments (RE8 and RE12).

V. CASE STUDY
In this section, we describe a case study in which we eval-
uate the impact of using the D&I framework in real clinical
software.

A. CONTEXT
During the last few years in Chile, the increase in the demand
for healthcare has become a significant problem due to
the continued growth of the adult population (15-59 years),
which is estimated to reach 60% of the population by 2020.
In this regard, the Chilean Ministry of Health developed the
Centralized Bed Management Unit (CBMU), which coordi-
nates, monitors, and supports all institutional bed demands
and the clinicians involved in the bed management process.
Although CBMU has had favourable results, the complexity
of bed management requires more resources. According to
CBMU, the primary need is to develop models and tools that
help to reduce wait lists for hospital beds.

Hence, we have created SIGICAM2 [68], a system that
uses statistical models, simulations, and optimization for the
management of beds in hospitals and clinical institutions.
Additionally, this system allows CBMU to communicate with
other hospital departments using interoperability technolo-
gies to execute optimization algorithms to improve the allo-
cation, bed reconversion, and patient management processes.
The system is currently deployed at the Copiapó Hospital,
Chile3, and is currently being implemented in two more
hospitals.

The reason why we selected SIGICAM as a case study is
based on the fact that this system was developed using the
D&I framework as a support for eliciting requirements. In this
regard, the implementation strategies that were selected by
the design team were as follows:

• Conduct local consensus discussions (S5).
• Conduct local needs assessments (S6).
• Develop, implement and organize tools for system qual-
ity assurance and data monitoring (S7 and S8).

• Assess for readiness and identify barriers and
facilitators (S1).

Similarly, the selected eliciting requirement guidelines
were as follows:

• Elicit the requirements by consensus (RE7).
• Model the domain to elicit requirements (RE3).
• Obtain the requirements through business mod-
elling (RE6).

• Explore the business processes to identify require-
ments (RE13).

• Elicit the requirements by identifying conflicts between
stakeholders and end-users (RE8).

2A more detailed description of SIGICAM, its objectives, scope, and
impact on patients at Copiapó Hospital can be found at the following link
(in Spanish): http://sigicam.cl

3https://www.hospitalcopiapo.cl/index.php
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The other elicitation guidelines generated by the D&I
framework (RE4, RE5, RE10 and RE11) were not considered
by the IT professionals because, given the magnitude of the
SIGICAM domain, the RE3, RE6, RE7, RE8 and RE13 tech-
niques were considered to be sufficient.

B. CASE STUDY PLANNING
1) RESEARCH OBJECTIVE
Since SIGICAMwas released in 2018, we have beenmonitor-
ing the adoption of the system by clinicians and its usefulness
in improving hospital bed management. Overall, SIGICAM
has become an effective solution for hospital bed manage-
ment; it has reduced wait times in beds by 40%, thus achiev-
ing better patient care.

Nevertheless, two years after the deployment of SIGICAM
in the hospital, our scientific curiosity has extended beyond
the current satisfactory situation. Although we know that
SIGICAM, in general, has achieved good results in the hos-
pital, we intend to evaluate whether the decisions made using
the D&I framework were the right decisions from the per-
spective of the main stakeholders of the system. More pre-
cisely, we evaluated whether the clinical priorities defined by
the stakeholders are satisfied in SIGICAM, i.e., we analysed
whether the implementation strategies and the requirement
elicitation guidelines selected to develop SIGICAM were
sufficient to satisfy system expectations.

The discipline of D&I states that dissemination and imple-
mentation strategies are evaluated based on outcomes [33].
These outcomes are organized by a taxonomy, which estab-
lishes the following categories: Reach, Acceptability, Appro-
priateness, Feasibility, Adoption, Fidelity, Cost, Penetration
and Sustainability. Each of these categories, in turn, sug-
gests different procedures for evaluating the outcomes of
dissemination and implementation strategies. In this case
study, we focused on evaluating system acceptability; more
precisely, we evaluated the characteristics that influence the
usage of SIGICAM by clinicians. Therefore, we decided to
employ usability as a measurement instrument.

Usability has acquired high relevance in the healthcare
domain, especially since the increased adoption of new tech-
nologies to perform clinical procedures [69], [70]. Moreover,
usability is considered to be an essential factor that deter-
mines success (or failure) in the implementation of infor-
mation systems in the healthcare domain [71]. That said,
given that the D&I framework translates the clinical priorities
defined by stakeholders into requirement elicitation guide-
lines that eventually enable the implementation of SIGICAM,
the research objective of this case study is to evaluate stake-
holders’ perceptions regarding the explicit implementation of
clinical priorities in SIGICAM.

2) RESEARCH QUESTION
The research question of this case study is as follows: What
is the result of usability evaluation regarding the tasks that
characterize clinical priorities defined by the stakeholders?

As the D&I discipline suggests [33], we used a survey
to answer this research question. Thus, we used the Health-
ITUES (Health Information Technology Usability Evaluation
Scale) as an assessment instrument [72]. Health-ITUES is
a customizable questionnaire with a four-factor structure:
impact, perceived usefulness, perceived ease of use and user
control. The Health-ITUES explicitly considers a task by
addressing various levels of expectation of support for the
task by the healthcare information system. Additionally, this
questionnaire considers ‘‘tasks’’ as a variable because it has
been demonstrated that tasks are essential for the usability
evaluation of healthcare information systems [73].

C. PREPARATION
To conduct the evaluation, we identified the leading roles that
use SIGICAM,which are emergency nurses, floor nurses, bed
managers, and facility directors. Subsequently, the SIGICAM
tasks to be evaluated correspond to the following clinical
priorities:
• Request for beds: This priority is related to the hospi-
tal’s need for a procedure that can automate the process
of requesting patient beds. Additionally, this process
should also determine if there are any patients on wait
lists.

• Categorization of patients: This priority is related to the
classification, established by the hospital, used to assign
patients to a clinical bed. The classification of patients is
mainly established by two groups: ‘‘patients with depen-
dent care’’ and ‘‘patients with specific nursing care’’.

• Observe the evolution of the patient’s diagnosis: Each
bed has a patient who has a particular diagnosis. It is
a priority for the hospital to visualize the evolution of
the patients’ diagnoses to make decisions.

• Patients in transit: It is a priority to monitor those
patients who have already been assigned a bed but are
not physically using it yet.

• Evaluate ICD-10 diagnostics: Stakeholders need to add
the evolution of patients using clinical beds following
the codes provided in the ICD-10 classification4.

Additionally, Table 4 details which clinical priorities were
selected by each stakeholders.

Since SIGICAM has several software modules, we con-
ducted the Health-ITUES evaluation on the tasks of those
modules that are directly related to the clinical priorities.
Therefore, the evaluation is conducted in two days. On the
first day, we addressed the day shift to conduct the evalua-
tions. Similarly, on the second day, we addressed the evening
shift. In this way, we included all the clinicians with the aim
of evaluating SIGICAM as extensively as possible.

We rated Health-ITUES using a Likert scale, from
strongly agree (value = 5) to strongly disagree (value = 1).
Furthermore, the interpretation of each Health-ITUES ques-
tion was explained to the clinical professionals so that they
could answer the survey as objectively as possible.

4https://www.who.int/classifications/icd/icdonlineversions/en/
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FIGURE 5. Trend chart of the Health-ITUES scores.

TABLE 4. Priorities and stakeholders.

D. COLLECTION OF DATA
We identified 50 clinical professionals to answer the survey.
The respondents included 10 emergency nurses, 25 floor
nurses, 8 bed managers, and 7 facility directors. For the
convenience of the respondents, we used the Survey Any-
place platform5 to conduct the corresponding surveys.
Additionally, we used tablets to facilitate the survey com-
pletion experience. At the end of the survey, we provided a
space where each respondent could write feedback regarding
SIGICAM tasks.

E. RESULTS
The results of the survey are described in Table 5.

According to the results, the overall average is 3.6,
which indicates an acceptable level of usability (based on
the Health-ITUES scale), with approximately 72% approval
(see Figure 5).

The roles that scored below average were emergency
nurses and floor nurses. On the other hand, the roles that
scored equal to or above average were bed managers and

5https://surveyanyplace.com

facility directors. More precisely, the highest score corre-
sponds to bed managers with an average of 4.9, followed by
facility directors with a score of 3.6, floor nurses with 3.1 and
emergency nurses with 2.7, where the maximum possible
score is 5.0.

FIGURE 6. Boxplot of Health-ITUES results.

On the other hand, Figure 6 shows that 75% of the results
concerning the emergency nurses indicate a low level of
usability, where the maximum of this sample corresponds to
a score of 3.05 and a mean of 2.55. Additionally, it is possible
to observe a greater dispersion of the responses given by this
group. Concerning the floor nurses, the results indicate that
75% of the group’s responses are in an acceptable range of
usability (close to the general average), where the maximum
value is 3.6 and the minimum value is 2.8 without outliers.
Subsequently, the group that best evaluated SIGICAM was
the bed managers. Most of the values are at the maximum
score level with two outliers. Finally, regarding the facility
directors, the values obtained by this group describe a greater
dispersion of responses, where the minimum and maximum
usability scores are 2.4 and 4.7, respectively.
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TABLE 5. Results of the Health-ITUES survey. ‘‘EN’’ corresponds to Emergency Nurses, ‘‘FN’’ to Floor Nurses, ‘‘BM’’ to Bed Managers, and ‘‘DF’’ to Facility
Directors.

F. ANALYSIS
We identified a gap between operational tasks and man-
agement tasks in SIGICAM. On the operational side, these
tasks are mainly performed by emergency and floor nurses.
Although these roles are fundamental in the management
of hospital beds, the results described in Table 5 illustrate
that emergency nurses and floor nurses, in general, are not
satisfied with the usability of SIGICAM.

Emergency nurses perform tasks corresponding to two
clinical priorities: request beds and manage patient evolution.
According to the judgement of the design team, to develop
the software modules corresponding to these two priorities,
it is essential to identify (i) the local needs of the emergency
nurses (S6) and (ii) the barriers and facilitators (S1). Thus,
modelling the emergency department and bed management
domain (RE3) and exploring the preestablished clinical pro-
cesses of the emergency department (RE13) were the guide-
lines selected to elicit requirements. However, despite this,
the emergency nurses’ perception of usability was negative.
To explore this observation further, we investigated the feed-
back manifested by emergency nurses. Feedback reveals that
the emergency nurses are satisfied with the ease of use of

the tasks; it is for this reason that in Figure 5, the curve
increases between Q13 and Q17. Nevertheless, the questions
related to impact (Q1-Q3), perceived usefulness (Q4-Q12)
and user control (Q18-Q20) have low scores because the
steps involving the tasks are not optimal, i.e., they are easy
to use but do not reduce the time to manage the request for
beds or manage the patient’s evolution in a high-pressure
work environment.

Extending the analysis to the floor nurses, the situation
is not very different. Feedback from the floor nurses sug-
gested the same situation described by the emergency nurses:
the steps to execute tasks related to categorizing patients,
managing patient progress, managing patients in transit, and
evaluating patients are easy to use, but expectations regarding
time optimization are low.

With respect to themanagement tasks, the results regarding
the usability of SIGICAM are favourable. Both bed managers
and facility directors positively evaluated the tasks of manag-
ing the evolution of the patients’ diagnosis and the patients in
transit. The implementation strategies that were selected to
satisfy the priorities of bed managers and facility directors
were the same as those for emergency and floor nurses,
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including the development, implementation, and organization
of data quality assurance and monitoring tools (S7 and S8),
conduct of local consensus discussions (S5) and conduct
of local needs assessments (S6). These strategies, similarly,
allowed for the selection of the following requirement elici-
tation guidelines: RE3, RE6, RE7, RE8 and RE13. This set
of guidelines was sufficient to understand the problem that
bed managers and facility directors presented with respect
to bed management. In turn, this set of guidelines allowed
us to identify new potential requirements that were not
initially identified. For example, business modelling (RE6)
allowed the identification of clinical activities that were not
adequately established. Anecdotally, these clinical activities
were essential for the follow-up of patients in critical beds
and were frequently used by bed managers.

G. LESSONS LEARNED
There is no doubt that developing clinical software requires
considerable effort. The knowledge provided by implemen-
tation and dissemination strategies helps to explain the pro-
cesses and variables involved in using scientific evidence to
design and implement policies, programmes, and interven-
tions in healthcare services and other contexts.

Since the development and deployment of software depend
on more activities (such as software design, software testing,
and maintenance, among others), we are aware that we can-
not establish that a set of guidelines to elicit requirements
can ensure the success of clinical software. Nevertheless,
the results obtained in the case study indicate that broaden-
ing the spectrum of requirement elicitation guidelines allows
software developers to collect more requirements to more
deeply understand the problem that clinical software must
solve. This becomes relevant in the context of healthcare,
since the problems that clinical software solves are complex.

Additionally, our experience in using the D&I frame-
work in the development of SIGICAM shows that concrete
implementation and dissemination strategies help reduce
communication problems between clinicians and software
developers. More precisely, the D&I framework acts as a
‘‘bridge’’ that defines a common vocabulary between clini-
cians and IT professionals, achieving traceability that ranges
from the clinical priorities established by the project stake-
holders to the specification of requirements that are eventu-
ally developed and implemented. SIGICAM usability results
encourage us to continue improving and using the D&I
framework to further involve clinicians in the development
of software projects.

H. STUDY LIMITATIONS
We conducted a case study on the main software components
of SIGICAM that are related to clinical priorities. However,
these components represent 85% of SIGICAM components
but do not represent other components related to finance and
interoperability. Regarding the latter, assessing the impact of
the use of the D&I framework on interoperability compo-
nents requires an additional effort beyond the objectives of

this research. However, the promising results obtained in this
case study lead us to realize that the D&I framework is an
effective tool to support IT professionals to better understand
the problems that clinical software must solve.

VI. THREATS TO VALIDITY
In this section, we proceed to describe the threats to the
validity of our study. For this purpose, we used the description
of validity threats by Wohlin et al. [74].

A. CONCLUSION VALIDITY
The threats to the conclusion validity are concerned with
issues that affect the ability to draw the correct conclusion
about the relationships between the treatment and the out-
come of a study. The main threats detected are as follows:

• Subjectivity in the creation of the implementation strate-
gies and requirement elicitation guidelines catalogue:
This threat is related to the possible subjectivity regard-
ing the creation of the multidimensional catalogue
depicted in Figure 3. To mitigate this threat, we estab-
lished rigorous criteria to determine which implemen-
tation strategies can be translated into requirement
elicitation guidelines. On the other hand, we conducted
working sessions with different researchers, IT pro-
fessionals and clinicians to establish the correspond-
ing relationships between implementation strategies and
requirement elicitation guidelines in order not to pro-
duce bias in the decisions. We were especially careful
to ensure that each strategy/guideline relationship was
fully explained.

• Reliability of measures: This threat is related to the
confidence of the measurement applied in the study.
To mitigate this threat, we use Health-ITUES, a quality
instrument specifically created for the health context that
has the capacity to adapt to the system being evaluated.
Health-ITUES has been employed in several health-
based system usability studies, which suggests that the
results we obtained with this instrument allow us to
represent objective conclusions.

B. INTERNAL VALIDITY
The threats to internal validity are influences that can affect
the conclusion about a possible causal relationship between
treatment and outcome. The main threats detected and their
mitigation are as follows:

• Instrumentation: This threat refers to the impact of using
incorrect artefacts to execute the case study. To mitigate
this threat, we used the Survey Anyplace tool to deploy
the Health-ITUES instrument. In addition, we used
tablets to conduct the survey for the convenience of
clinicians.

• Selection: This threat is the effect of natural variation
in human performance. Depending on how the subjects
are selected from a larger group, the selection effects
can vary. Furthermore, the effect of letting volunteers
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participate in an experiment may influence the results.
To mitigate this threat, before conducting the case study,
we determined how many clinicians could participate in
the survey to obtain a representative sample of respon-
dents. In turn, we informed the clinicians that their par-
ticipation in the survey contributed to the improvement
of SIGICAM. Thus, we clarify that the survey was not
voluntary.

• Diffusion or imitation of treatments: This effect occurs
when a control group learns about the treatment from
the experiment group in the study or when the control
group tries to imitate the experiment group’s behaviour
in the study. To mitigate this threat, we kindly informed
clinicians that survey responses were personal.

C. CONSTRUCT VALIDITY
Construct validity concerns generalizing the result of the
experiment to the concept or theory behind the study. The
main threat detected is evaluation apprehension. To mitigate
this threat, we informed participants at the beginning of the
survey that the results will be used for academic purposes.
In this way, we prevented respondents from responding to the
survey with any concern about being misjudged.

D. EXTERNAL VALIDITY
Threats to external validity are conditions that limit the abil-
ity to generalize the results of our experiment to industrial
practice. The main threat we detected is related to the inter-
action of setting and treatment. This threat is the effect of not
having the experimental setting or material representative of,
for example, an industrial practice. To mitigate this threat,
we previously studied what other studies have used Health-
ITUES to evaluate usability in clinical systems. Our review
results indicate that this instrument has been widely used
to validate the information systems used in the healthcare
context. Consequently, the results obtained by Health-ITUES
can be replicated and extended to other systems to perform
comparative studies.

VII. CONCLUSION
In this article, we have presented the D&I framework,
a methodology that uses dissemination and implementa-
tion strategies to select requirement elicitation guidelines to
develop and deploy clinical software. The main objective
of the D&I framework is to support the specification of
requirements through a dissemination process that allows for
(i) the identification of stakeholders, (ii) the definition and
characterization of clinical priorities and (iii) the selection of
implementation strategies. The D&I framework is composed
of two phases. In the first phase, clinicians describe clinical
priorities that the system should address. Correspondingly,
in the second phase, a team of IT professionals and clini-
cians select the implementation strategies to address clinical
priorities. The D&I framework subsequently uses a model
that employs implementation strategies to obtain a set of
elicitation requirement guidelines to extend the spectrum of

the specification and characterization of requirements for
developing and deploying clinical software.

Aiming at evaluating the D&I framework, we analysed a
bed management system called SIGICAM that was devel-
oped using the D&I framework to identify, define, and char-
acterize requirements. Given the complexity of the system,
we used the Health-ITUES instrument to conduct a survey
in the most critical software modules where the D&I frame-
work was the key to specifying requirements. The results
indicate that, in general, the main stakeholders approve of the
tasks implemented in SIGICAM. The requirements obtained
and specified through the requirement elicitation guidelines
recommended by the D&I framework were sufficient for
SIGICAM to gain acceptance by clinicians.

To further our research, we plan to extend the D&I frame-
work to the evaluation and design of software architectures.
We are working to include the D&I framework in soft-
ware architecture design and evaluation methods, such as the
Attribute-Driven Design (ADD) [75] and the Architecture
Tradeoff Analysis Method (ATAM) [76]. In addition, we are
working on an automatic process for recommending guide-
lines about requirement elicitation to produce better results
for IT professionals.
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