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Abstract

Background: Clinical decision support systems (CDSSs) have gained prominence in health care, aiding professionals in
decision-making and improving patient outcomes. While physicians often use CDSSs for diagnosis and treatment optimization,
nurses rely on these systems for tasks such as patient monitoring, prioritization, and care planning. In nursing practice, CDSSs
can assist with timely detection of clinical deterioration, support infection control, and streamline care documentation. Despite
their potential, the adoption and use of CDSSs by nurses face diverse challenges. Barriers such asalarm fatigue, limited usability,
lack of integration with workflows, and insufficient training continue to undermine effective implementation. In contrast to the
relatively extensive body of research on CDSS use by physicians, studies focusing on nurses remain limited, leaving a gap in
understanding the unique facilitators and barriers they encounter.

Objective: This study aimed to explore the facilitators and barriers influencing the adoption and use of CDSSs by nursesin
hospitals, using an extended Fit Between Individuals, Tasks, and Technology (FITT) framework.

Methods: A qualitative study was conducted using semistructured interviews with 22 nurses from across the Netherlands,
representing 3 hospital types: general (n=9), top-clinical (n=12), and academic (n=1). The sample included a diverse mix of
practicing nurses, nurses-in-training, and clinical nurse information officers, with clinical experienceranging from 1.5to 38 years.
Interview transcripts were analyzed thematically, beginning with an inductive coding approach to identify key factors. These
were then categorized deductively using the extended FITT framework. In total, 988 code instances were examined. To ensure
analytical rigor, the coding process was separately conducted by 2 researchers and reviewed by an expert panel.

Results: A total of 26 distinct factorswereidentified, categorized into 4 FITT dimensions: technology-individual, technol ogy-task,
task-individual, and organizational context. Of these, 11 factors were facilitators (eg, cognition, clarification, and prevention), 7
were barriers (eg, alarm fatigue, poor design, and limited digital proficiency), and 8 were both facilitators and barriers depending
on the context (eg, acceptance, workload, and training). In addition, key value tensions emerged, such as the balance between
standardization and professional autonomy, and the trade-off between enhanced decision support and increased administrative
burden.
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Conclusions:  The findings underscore the complexity of CDSS adoption in nursing practice, highlighting the interaction of
facilitators and barriers across FITT dimensions. Practical recommendations include participatory design processes, targeted
training programs, advanced alert management systems, and strong organizational support. Addressing valuetensionsand aligning

CDSS functionality with nurses’ workflows can enhance adoption and optimize patient outcomes.

(J Med Internet Res 2025;27:€76025) doi: 10.2196/76025
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Introduction

Information technology (1 T) has becomeincreasingly important
in al industries, including health care. In the past 25 years, a
wide variety of information systems were invented and
implemented to aid health care professional sin decision-making,
including clinical decision support systems (CDSSs). CDSSs
are intended to improve health care delivery by enhancing
medical decisions with targeted clinical knowledge, patient
information, and other health information [1,2]. Examples of
CDSSs used in health care are diagnosing health problems and
medication-prescribing [3,4]. One of the use cases for using a
CDSS is the prevention of medical errors [2-4]. Overall, the
role of CDSSsin the health care sector has received substantial
recognition, significantly impacting patient care quality, safety,
and efficiency [2,5]. One critical user group of these systems
is nurses, whose central rolein direct patient care, monitoring,
and coordination between health care teams makes CDSS
integration essential for improving workflow efficiency and
patient outcomes.

The use of CDSSs diverges significantly among various health
care professionals in hospitals, such as physicians and nurses,
according to their distinct roles and responsibilities. Physicians
predominantly use CDSSs to aid diagnostic reasoning and to
optimize treatment plans [2,6]. In this context, physicians rely
on these systemsto filter vast amounts of clinical datato gather
precise diagnoses, suggest potential treatment options, and
predict patient responses to different treatments. On the other
hand, nurses employ CDSSsfor adlightly different set of tasks.
As emphasized in a study by Ruland and Bakken [7], nurses
face significant challenges in managing complex care tasks,
including continuous patient monitoring, timely detection of
clinical deterioration, and prioritizing care under time pressure.
CDSSs can help address these challenges by offering timely,
structured support in areas such as care planning, infection
control, and wound management. A widely used application of
CDSSs is the filtering of alarms in intensive care for neonatal
intensive care units, wherethe system helpsdistinguish clinically
relevant alerts, such asthose related to infusion pumpsor critical
vital signs, from nonurgent ones caused by, for instance, loose
cables.

Despite these demonstrated benefits, the literature on CDSS
adoption by nurses remains relatively limited and fragmented.
A recent rapid review synthesizing 21 studies concluded that
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while CDSSs improve nursing decision-making, workflow
efficiency, and patient outcomes, they also present persistent
barriers such as alert fatigue, workflow misalignment, and
limited adherence to system recommendations [4,8,9]. While
existing research provides valuable insights into specific
functionalities and adoption barriers, there is still a lack of
systematic understanding of how CDSSsfit into the day-to-day
clinical realities of nurses. Recent qualitative and mixed methods
reviewscal for morein-depth exploration of nurses’ experiences
and perspectives, asthese are often underrepresented compared
to physician-centric studies[8].

To better capture this complexity, we use the extended Fit
Between Individuals, Tasks, and Technology (FITT) framework,
which states that the success of health IT adoption depends on
the alignment between user characteristics, task demands,
technology features, and organizational context (Figure 1)
[10,11]. The FITT model has been applied and validated in
various health IT studies, including electronic health record
(EHR) and telemonitoring adoption, and is particularly well
suited to understanding technology adoption in complex,
team-based clinical environments [10,12-14]. Compared to
behavioral models such as the Unified Theory of Acceptance
and Use of Technology (UTAUT), FITT placesgreater emphasis
on the practical interaction between people, systems, and work
processes, making it especially relevant for exploring the nursing
context [10,15]. The disconnect between the theoretical
advantages of CDSSs and their real -world application in nursing
highlights the urgent need to address these challenges [16].

Prior reviews cover clinicians broadly or cover nonhospital
settings, with limited qualitative evidence from hospital nurses
and little integration of findings within an explicit
implementation lens [8,17]. Framework and feature scoping
reviewsinform what may help adoption but not how ward-level
nursing work experiences map onto domains such as FITT
[18,19]. We contribute nurse-focused qualitative evidence, map
facilitators, barriers, and valuetensionsonto FITT, and compare
patterns across Dutch hospital types.

This paper aimsto address the gapsin our understanding of the
potential complex and relatively unexplored dynamics associated
with decision support systems usage in a nursing context.
Through the extended FITT framework, we explore how
individual nursefactors, executing the task of decision-making,
and the supporting technology interact to facilitate or hinder
effective decision support system usage.
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Figurel. Extended FITT (Fit Between Individuals, Tasks, and Technology) framework [10,11,15]. IT: information technology.
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Therefore, the research question addressed in this paper is“What
arethefacilitatorsand barriersfor hospital nursesregarding the
use of aclinical decision support system?”

From atheoretical perspective, the goal isto contribute to the
body of knowledge that informs health care policy and system
design, fostering environments where technology effectively
supports and enhances patient care delivery in hospitals. For
example, studies have shown that user-centered design and
tailored technology adaptation enhance the usability and
effectiveness of CDSSs [6]. By using the extended FITT
framework, we can identify how CDSSs can be better tailored
to fit the specific needs of users, such as nurses and physicians,
reducing barriers and enhancing facilitators for more seamless
integration into clinical workflows [2]. This approach ensures
that technology aligns with real-world practices, leading to
improved patient outcomes [10].

From a practical perspective, this study aims to contribute to
the limited body of research on the implementation and use of
CDSSs in a hospital nursing context. By offering insightsinto
practical strategiesto overcome barriersand leveragefacilitators,
this research provides valuable guidance for (quality) nurses,
health care IT developers, and management. A better
understanding of CDSS design and adoption specifically tailored
to nurses’ needs can support better integrated workflows and
enhance both nursing practice and patient outcomes.

Methods

Design

In this qualitative study, semistructured interviewing was chosen
asthe primary data collection method to operationalizethe FITT
framework becauseit allowsfor in-depth exploration of nurses’
experiences, perceptions, and challenges with CDSSs in a
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hospital setting. Given the complex nature of the interactions
between individuas, tasks, and technology, interviews offer a
nuanced understanding that is essential for capturing the
subjective experiences that other methods, such as secondary
sources, may not provide.

The study specifically focuses on a CDSS in a hospital setting.
Our research methodology was designed with an orientation
toward the extended FITT framework, which suggests that
successful technology implementation and use is largely
determined by the fit between 3 aspects and the organizational
context [10,11]. This framework was particularly relevant to
our goa of identifying facilitators and barriers in the use of
CDSSs by nurses. By focusing on the alignment between the
individual users (nurses), their tasks, the technology itself, and
the organizational context, we are able to explore how CDSSs
either support or hinder their work. This approach enabled us
to find specific factorsthat act asfacilitators, enhancing system
usability and integration, aswell as barriersthat impede effective
use.

Setting

Theinterviews were conducted face-to-face at the participants
own hospital inthe Netherlands. Inthe Dutch health care system,
hospitals are generally categorized into 3 types. general
hospitals, top-clinical hospitals, and academic hospitals. General
hospitals provide a broad range of standard medical services
and are typically smaller in scale. Top-clinical hospitals offer
more specialized care and often serve as regional centers for
complex procedures; they are also typically affiliated with
teaching programs. Academic hospitals are university-affiliated
institutions that combine advanced patient care with medical
research and education. This diversity in hospital types was
considered in the sampling strategy to ensure a range of
organizational contexts.
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Participants

In this study, we contacted atotal of 25 nursesfor an interview
from different hospital types, with each nurse having varying
levels of experience using CDSSs. Participants were selected
using a combination of purposive and convenience sampling.
We opted for alarger sample size because, while saturation in
qualitative studies typically occurs with 6-12 interviews, more
complex contexts often require 15-30 interviews to ensure
comprehensive coverage of the subject matter [20]. In total, 22
nurses accepted the invitation for an interview. Saturation was
monitored during the data collection process and was considered
reached after approximately 18 interviews. The remaining
interviews confirmed that no new themeswere emerging across
hospital typesand professional roles. Theremaining interviews
added nuance or illustrative quotations only, and the codebook
remained stable after the 18th interview, supporting the
judgment that thematic saturation had been achieved. This
diversity in backgrounds, roles, and hospital types allowed for
a broad range of perspectives to be captured. The participants
included practicing nurses, nurse-in-training, and clinical nurse
information officers (CNIOs). Their experience with CDSSs
varied considerably: some used specific CDSS tools regularly
(eg, risk scoring), while others only knew the term CDSS or
were exposed indirectly, such as through implementation

Table 1. Themesand focus areas.

Berkhout et al

projects or digital protocols. By incorporating nurses with
experience ranging from 1 year to over 3 decades, we ensured
the data reflects both novice and seasoned professionals
experiences with CDSS usage. This variation in expertise,
hospital types (general, top-clinical, and academic), and
professional roles provides a rich and comprehensive
understanding of the facilitators and barriers associated with
CDSS use.

Data Collection

A semistructured interview guide was developed based on the
key constructs of the extended FITT framework: individual,
task, technology, and organizational context. The selection of
interview questions was informed by prior studies using the
(extended) FITT framework in CDSS research [10,12-14], as
well as broader models of technology adoption in health care,
such asthe UTAUT model (Table 1). Thistheoretica foundation
ensured the alignment of our interview protocol with existing
literature while allowing for an in-depth exploration of barriers
and facilitatorsto CDSS use in hospital-based nursing practice.
A semistructured approach was chosen to ensure flexibility,
allowing participants to elaborate on their experiences while
maintaining alignment with the research objectives. Thismethod
facilitated the identification of context-specific insights
regarding CDSS implementation in nursing workflows.

Theme Focus area Sample question

Individual Nurses' role, perception of CDSSs® and ~ Which advantages or opportunities do you seein using clinical decision
attitudes toward technology support toolsin your daily practice?

Task Decision-making processes and challenges What disadvantages or barriersdo you seein using clinical decision support
with and without CDSSs tools for patient care?

Technology System functionality, usability, and hospital How would you describe the support provided by the hospital for using

support

Organizational context L eadership support and organizational cul-

ture around digita tools

digital systemsin your work?

What should the hospital address to improve (or further improve) support
for the use of digital tools?

8CDSS: clinical decision support system.

Interviews were conducted in person alone at the participating
hospital by one of threetrained interviewers (Susan Bruggeling,
Judit Putnoki, and Johanna Zuidhoff) with backgrounds in
nursing and health informatics under the supervision of 2
researchers (MB and TVH). Their familiarity with clinical
environments and training in health informatics helped build
rapport with participants and ensure relevance of follow-up
guestions. At the same time, their background may have
introduced implicit expectations about functionalities or the
vaue of a digital system, potentially influencing how
(follow-up) questions were asked or interpreted. Thisrisk was
mitigated through joint interview training and the use of a
semistructured interview guide. All interviewers completed a
training session together before the data collection commenced
and conducted 2 pilot interviews each to refine the protocol,
ensuring question clarity, consistency, and methodol ogical rigor.
These pilot interviews, which were discussed together, also
allowed for the evaluation of question validity and
comprehensibility from anursing perspective. Theseinterviews
were excluded from the dataanalysis. A standardized interview

https://www.jmir.org/2025/1/€76025

protocol helped ensure consistency and minimize bias. The
interviewers did not have a prior persona or extended
professional relationship with the participants, except for limited
professional contact in isolated cases.

Each interview lasted 30 to 60 minutes and was audio-recorded
with participants’ written informed consent. The participant
wasinterviewed asingletime. Field notesfrom theinterviewer
were not gathered during theinterview. Data collection occurred
over a4-month period between September 2022 and December
2022, ensuring representation from nurses across different shifts,
departments, and experience levels.

Data Analysis

The recorded interviews were transcribed verbatim and were
then analyzed. The transcribed interview was sent back to the
participant for a check, but no member check was conducted.
Our analysis process is based on the 6 steps outlined by Braun
and Clarke [21].
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Steps 1 and 2, following Braun and Clarke's approach, consisted
of open coding conducted with an inductive first approach to
identify factors directly emerging from the data. This initial
step allowed usto ground the findingsin participant experiences
without being constrained by predefined frameworks, ensuring
that all relevant elements from the interviews were captured.

Steps 3 and 4 from Braun and Clarke were simultaneously
started in which the identified factors were directly after they
wereidentified systematically plotted onto the FITT framework
in seven categories using a deductive approach: (1) the fit and
(2) no fit between “technology and individua,” (3) fit and (4)
no fit between “task and technology,” (5) fit and (6) no fit
between “individual and task,” and (7) “ organizational context.”
This 2-step simultaneous process ensured a balance between
inductive coding for emerging factors and deductive coding
rooted inthe FITT framework. After we started with step 5, the
identified factors were categorized as facilitators or barriers.
This step involved analyzing how each factor influenced the
adoption and implementation of CDSSs within the context of
the FITT framework. In the last step (6), facilitators were
defined as elementsthat promoted or enhanced CDSS use, while
barriers were identified as factors that hindered the usage of
CDSSs.

The analysis was conducted in Atlas.ti (v24; Lumivero) by 2
researchers (MB and SB) independently to reduce interpretive
biasand to ensurethereliability of the findings. Theresearchers
had a background in health care and informatics. Any
discrepancies between the researchers were resolved after the
coding through discussion by the 2 researchers until consensus
was reached. After the analysis, an external expert session was
conducted to validate the identified codes found by 2
independent researchers (MB and SB). The session lasted for
2 hours and involved 5 participants: 2 researchers (TVH and
DS) with expertisein the health care domain, 1 researcher (KS)
with experiencein qualitative coding, 1 PhD student (MB), and
1 research assistant (SB). During the session, the group critically
reviewed the codes, discussed their relevance, and ensured that
they accurately reflected the data to find consensus. This
collaborative approach allowed for arobust validation process,
ensuring that the coding framework was aligned with the domain
expertise of the participants [22].

Following the thematic analysis, we conducted a post hoc
analysis to explore the value tensions inherent in the identified
factors. Value tensions refer to conflicting priorities, needs, or
expectations that emerge during the adoption and
implementation of CDSSs, often reflecting deeper ethical,
organizational, or professional dilemmas [23]. The value
tensionswere analyzed by re-examining the coded datathrough
the lens of key ethical and practical trade-offs reported in prior
literature on health informatics and digital health care adoption.

Ethical Consider ations

This research was conducted following Dutch human subject
regulations. Sincethe Dutch Medica Research Involving Human

https://www.jmir.org/2025/1/€76025
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Subjects Act (in Dutch “WMQ”) did not apply, no official
ethical approval was required. To confirm this assessment, the
research team completed the decision tree for non-WMO
research, as provided by the medical ethics review committee,
which is aigned with nationa ethical guidelines [24]. The
outcome confirmed that the study was classified as non-WMO.
The act applies only to medical research that infringes on a
subject’s physical or psychological integrity [25].

Although no official ethical approval wasrequired, all necessary
precautions were taken to protect participants' anonymity and
confidentiality. All participantswere informed about the purpose
and procedures of the study beforetheir participation, including
the nature of the questions to be asked, the intended use of the
information they provided, and the fact that the data would be
anonymized and kept confidential. The participants did not
receive (financial) compensation for theinterview. The dataare
stored according to a data management plan for this study and
arenot used in other studies. All participants had the opportunity
to read back the transcript of the interview to check their data.

Written informed consent was obtained from all participants.
They were assured that their participation was voluntary, and
they had the right to withdraw from the study at any time
without any repercussions. Care was taken to ensure that the
interview setting was comfortable and nonintimidating, with
interviews scheduled at times convenient for the participants,
within their own hospital, to minimize disruption to their work
schedules.

During the data analysis, all identifying information was
removed to ensure participant anonymity. Access to the data
was restricted to the research team, and all data were securely
stored in accordance with the General Data Protection
Regulation. The findings are reported in a way that individual
participants could not be identified, ensuring their privacy and
confidentiality throughout the research process.

Results

Participants Characteristics

A total of 22 nurses participated in the study. Participants were
drawn from general, top-clinical, and academic hospitals across
the Netherlands, ensuring variation in organizational settings.
The sampleincluded nurseswith arange of clinical backgrounds
and levels of experience, including practicing nurses,
nurses-in-training (n=7), CNIOs, and medica technology
officers. Participants’ experiencewith CDSSsvaried, from those
who used such systems dailly to those involved in
implementation or training efforts.

Participants were recruited from general, top-clinical, and
academic hospitals, reflecting the range of hospital typesin the
Dutch health care system. Table 2 summarizesthe characteristics
of the participants.
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ID Role Hospital type Years of experience
1 Nurse General 13
2 Nurse or CNIO? General 7

3 Nurse Genera 22
4 Nurse and medical technology quality officer Genera 14
5 Nurse Genera 14
6 Nurse-in-training Genera 14
7 Nurse Genera 10
8 Nurse-in-training Genera N/AP
9 Nurse Top-clinical N/A
10 Nurse Academic 32
11 Nurse or CNIO Top-clinical 5
12 Nurse and practice trainer Top-clinica 5
13 Nurse and practice trainer Top-clinical 7
14 Nursing researcher Top-clinica 7
15 Nurse Top-clinical 15
16 Nurse or CNIO Top-clinica 5
17 Nurse Top-clinical 35
18 Nurse-in-training Top-clinica 3
19 Nurse-in-training Genera 3
20 Nurse Top-clinica 36
21 Nurse-in-training Top-clinical 4
22 Nurse Top-clinica 38

8CNIO: chief nurse information officer.
bN/A: not available.

TheFit of Clinical Decision Support Systems

Thematic analysisreveaed 26 distinct factorsthat influence the
adoption and use of CDSSs by nurses. These factors were
categorized acrossthe 4 FITT domains: technol ogy-individual
fit, technology-task fit, task-individual fit, and a redefined
category of organizational context. During the coding process,
988 code instances were identified (Table 3). This number

Table 3. Code frequency.

reflectsthe volume and depth of qualitative dataanalyzed across
al interviews, including recurring themes and insights.
However, our reporting focuses on the consolidated factors, as
these represent the core themes relevant to understanding
facilitators and barriers. Each factor was assigned based on
thematic relevance rather than frequency, in linewith qualitative
best practices [21].

FITT?group Code frequency (n=988)
Task-individual 95
Technology-individual 407

Technology-task 433

Organizational context 53

3FITT: Fit Between Individuals, Tasks, and Technology.

We examined the identified factors to determine whether each
factor serves asafacilitator (coded as“fit"), abarrier (coded as
“no fit"), or both (coded as “fit and no fit"). Our analysis
revealed that 10 factors function exclusively as facilitators, 7

https://www.jmir.org/2025/1/€76025

factors operate solely as barriers, and 8 factors were coded as
both facilitators and barriers. Table 4 presents the identified
factors with an explanation.
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Factor

Classification

Explanation

Technology-individual fit

Acceptance

Autonomy

Cognition

Clarification

Digital profi-

ciency

Support

Training

Technology-task fit
Alarm fatigue

Poor design

Usability

Information
supply

Continuous

monitoring

Reporting

Patient focused

Safety

Facilitator and barri-
er

Facilitator and barri-
er

Facilitator

Facilitator

Barrier

Facilitator and barri-

er

Facilitator and barri-
er

Barrier

Barrier

Facilitator and barri-
er

Facilitator

Facilitator

Facilitator

Facilitator

Barrier

Acceptance relates to the degree to which the CDSS? s accepted, adopted, and used by nursing staff.
This acceptance extends beyond technical usage and includes behavioral and cultural changesthat occur
during implementation. “Look, if you really look at what it can deliver, what it is, | think it has alot of
future” [ID7]. This quote underscores some nurses’ acceptance of the system. However, alack of involve-
ment leads to mistrust.

“Autonomy” addresses concerns about the system undermining nurses’ autonomy and competency. It
includes worries about potential inability to deviate from the system and possible overreliance on the
system. However, autonomy can also be enhanced as reliance on more experienced colleagues decreases.
“But suppose you would have something like that, that makes multiple choices for you for adecision,
that of course helps alot. It also makes you independent in your work” [1D3].

Cognition refersto the mental processesinvolved in acquiring knowledge and comprehension, including
thinking, knowing, remembering, judging, and problem-solving. “Increase knowledge level. You don’t
always have time to stay up to date, but in this way, you get the latest knowledge, | think” [ID8].

Simplifies complex data, enabling nurses to focus on critical tasks by making information accessible
and actionable. “ You actually want to have everything at aglance” [ID5].

Lack of adequate digital skills among nurses limits the system's usability and creates resistance to
adoption. “...And often, these people, in healthcarein general, are there because they want to help people
specifically, not because they enjoy working with computers’ [ID7].

Availability of resources enhances CDSS usage (facilitator), but insufficient support from the organization
hindersits full potential (barrier). “...Who get eight hours aweek to think about these kinds of things,
including ICT. As aresult, you naturally get much better representation of healthcarein ICT” [ID11].

Adequate training programs facilitate CDSS adoption (facilitator), but gapsin training delivery leave
some users unprepared (barrier). “ Courses are offered, and there is careful attention given to training.
However, as| mentioned before, | think more time needs to be allocated from both sides—from the ICT
support side and from our side—to make it work optimally” [ID4].

Overwhelming or irrelevant alerts desensitize nurses, leading to cognitive overload and risks to patient
safety. “And now, dismissing an alarm is sometimes easier than accepting it, because accepting requires
you to fill somethingin” [ID13].

Poorly designed systemsfail to align with nursing workflows, creating inefficiencies and resistance.
“The various devices cannot communicate with each other, but it still makes it somewhat possible”
[ID2].

Intuitive and user-friendly designs improve workflow (facilitator), but poorly implemented usability
featuresincrease frustration (barrier). “ You fill that in, and then it automatically prompts you to ask for
the pain score again after an hour. However, it doesn’t yet take into account whether or not you've given
pain medication” [I1D9].

Consolidates patient datainto an easily accessible format, enabling timely and informed decision-making.
“All the data combined in the system gives you an immediate and complete overview, allowing you to
identify complications early on or facilitate timely handovers, for example” [ID3].

Real-timetracking allowsfor early detection of patient deterioration, reducing response time and improv-
ing outcomes. “ That there are also opportunities in having nurses who work partly in home care or visit
patients in home situations, while aso working on the ward. This way, you can follow the patient
seamlessly across different locations” [ID14].

The ability to generate reports increases visibility of patient outcomes and supports evidence-based
practices. “ So that you can work much more in a cycle where the actions of the nurses and their impact
on an outcome become much more visible” [ID14].

Enables patient-centered care by supporting shared decision-making and improving patient outcomes.
“Maybethat hasto do with shared decision-making, right? So that a patient can al so make better choices
based on that support. Because indeed, | was reasoning very much from the perspective of the caregiver,
but I can well imagine that the patient also gains more insight. For example, now they can aready see
for asurgery, You have this percentage chance of these complications, or similar information” [1D16].

Concerns about overreliance on automation and potential system errors undermine trust and safety in
critical situations. “ Yes, for the patients and also my own safety. It cannot work 100% error-free, of
course. That isindeed adownside or arisk” [ID6].
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Overly rigid protocolsrestrict professional judgment and hinder the flexibility needed in unique cases.
"But thisdoes ensure that you can, for example, not only insert acatheter but must a so apply other types
of interventions and therapies before actually inserting a catheter” [ID3].

“Headlth care quality” pertains to the degree to which health services increase the likelihood of desired

Factor Classification Explanation
Restriction of Barrier
freedom
Health care Facilitator
quality

Technology-individual fit

Accountability  Facilitator

health outcomes and are consistent with current professional knowledge. Aniillustrative quoteis: “That
you are supported with alot of datafor a better care experience, or not experience, but result. And that
it signalsthat, it facilitates the work, accelerates the provision of care and aso more guarantee for the
patient that it goes well” [1D8].

Facilitates transparent documentation, enabling nurses to justify their decisions with confidence. “ Then
| can simply use that as justification, right? Like, ‘ Thisis a study they conducted, and it is documented
here with this reasoning, and it states this...” ” [ID2].

Reduces administrative burdens for some tasks (facilitator), but introduces additional work such as
repetitive data entry (barrier). “The care process can be faster and more efficient, | think, because you

Enables early identification of potential risks, allowing nurses to intervene proactively. “You can act
more quickly based on vital signs or previous medical conditions, guided by the advice and support

Standardizes care delivery, reducing variability and ensuring consistent outcomes across nurses. “And

Risks of overreliance or loss of meaningful work elements negatively affect nurses’ engagement and job
satisfaction. “But yes, as | said, just checking off lists doesn’t automatically mean that you've provided

Workload Facilitator and barri-
er
immediately have all theinformation” [1D6].
Prevention Facilitator
provided by the system” [ID3].
Uniformity Facilitator
everyone operates in the same way” [ID2].
Work ethic Barrier
good patient care” [ID9].
Contact Facilitator and barri-

er

Organizational context

Changemanage-  Facilitator and barri-

ment er
Management Facilitator
support

Cash Barrier

Frees up timeto focus on patients (facilitator), but excessive automation may reduce personal interactions
with patients (barrier). “Yes, it remains human work, and if you rely heavily on automation systems, it
can sometimes become very impersonal, and you might end up missing things’ [ID10].

Properly managed transitionsfacilitate system adoption (facilitator), but poor change management creates
resistance and confusion (barrier). “But then you seethat it's quite along process to actually implement
it because the tools are already there. However, the question becomes, who is going to do it? And then
there's the entire process of figuring out how to organize everything logistically” [1D10].

Strong leadership ensures smoother implementation, adequate training, and alignment of goals. “New
things, when they want to try new things, I’m always curious about that, like, how does it turn out? It
depends a bit on how they introduceit. If it'sjust, ‘ Get used to it, we've already decided, thisisit, and
we're not changing anything even if it'sterrible,’ then...yeah. It starts off on the wrong foot” [ID18].

Limited budgets prevent investment in training, support, and system upgrades, hindering adoption and
usage. “ Yes, we have alimited budget; we can’t just implement one of these tools without careful con-
sideration” [ID7].

8CDSS: clinical decision support system.

Cross Synthesis

Taken together, patterns were role- and context-sensitive.
Nurses-in-training described CDSSs as a scaffolding for
decision-making and knowledge updating; experienced nurses
stressed aert noise, extra clicks, and loss of flexibility; and
CNIOs framed success around structured training and content
governance. By hospital type, general hospitals more often
emphasized basic usability and resource limits, whiletop-clinical
hospitals highlighted interoperability, device or EHR integration,
and alarm management. These differences help explain why the
same functions could operate as facilitators in one setting and
barriersin another.

Value Tensions Across FITT Categories

In the final stage of our analysis, we examined how the
identified factors shown in 4 interacted acrossthe FITT domains

https://www.jmir.org/2025/1/€76025

and gave rise to underlying value tension situations where
competing priorities or goals created friction. These tensions
were not predefined but were identified inductively by
examining patterns across coded excerpts that involved
contrasting experiences or trade-offs described by participants
and discussed by the researchers.

One key relationship is the interaction between autonomy
(technology-individual fit) and restriction of freedom
(technology-task fit). Participants described how CDSSs use
could enhance autonomy by reducing their reliance on
colleagues and supporting independent decision-making.
However, they also noted that these same systems sometimes
imposed constraints through rigid protocols or limited
customizability, illustrating a tension between increased
autonomy and loss of flexibility. For example, nurses expressed
concerns about being unable to deviate from standardized
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recommendations when clinical judgment suggested an
alternative course of action. Thistension illustrates the need for
CDSS designs that balance standardization with flexibility,
allowing nurses to exercise their professional judgment while
maintaining consistency in care delivery.

Another notable tension arises between uniformity
(task-individual fit) and safety (technology-task fit). Uniformity,
achieved through standardized processes and documentation,
was viewed as a facilitator for reducing variability in care and
ensuring consistent outcomes. However, overly rigid
standardization may overlook unique patient circumstances,
potentially compromising safety in complex or atypical cases.
For example, nurses reported that while CDSSs provided
valuable guidance for routine cases, their inability to account
for nuanced patient conditions sometimes limited their
applicability. Addressing this requires systems that allow for
both adherence to best practices and customization to fit
individual patient needs.

The relationship between management support (organizational
context) and training (technology-individual fit) highlights the
critical role of leadership in sustaining user engagement and
system adoption. Strong leadership was identified as essential
for providing adequate training resources and ensuring alignment
between ingtitutional goals and technology implementation.
However, the absence of visible support from management often
led to gapsin training, leaving nursesfeeling unprepared to use
CDSSs effectively. This finding emphasizes the
interconnectedness of organizational and individual factorsand
the importance of a cohesive approach to system adoption.

The dua nature of workload (task-individua fit) also
demonstrates how factors can function as both facilitators and
barriers depending on context. CDSSs can reduce workload by
streamlining routine tasks, such as documentation or early
warning detection. Equally, it can introduce additiona
administrative burdens, such asrepetitive dataentry or managing
excessive aerts. Thistension highlights the need for workflow
optimization, ensuring that CDSSs enhance efficiency without
creating new inefficiencies.

A broader value tension lies in the interplay between
patient-focused care (technology-task fit) and contact
(task-individual fit). While CDSSs facilitate patient-centered
care by supporting shared decision-making and improving health
outcomes, participants expressed concerns that increased
reliance on technology might reduce personal interactionswith
patients. Nurses reported that time spent navigating systems
could detract from meaningful patient engagement, particularly
in time at bed parts of care. Balancing these priorities requires
designing systems that integrate seamlessly into workflows,
minimizing the time spent on system interaction and maximizing
direct patient care.

Lastly, the findings suggest that alarm fatigue (technol ogy-task
fit) interacts with cognition (technology-individua fit) in ways
that affect user engagement. While CDSSs enhance cognition
by simplifying dataand providing actionable insights, excessive
or irrelevant alerts can overwhelm nurses and reduce their ability
to focus on critical information. This underscores the need for
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smarter alert algorithms that prioritize relevant notifications,
ensuring nurses are directed toward meaningful tasks.

Discussion

Principal Results

This study examined the facilitators and barriers influencing
the adoption and use of CDSSswithin nursing practicein Dutch
hospitals. The findings highlight 11 facilitators, 7 barriers, and
8 factorsthat are both facilitators and barriers. All factorswere
categorized according to the FITT framework. Beyond
identifying theseindividua facilitatorsand barriers, thefindings
highlight value tensions, situations where competing priorities
or perspectives create conflict within or between categories.

Integration With Prior Research

Theidentified facilitators, barriers, and valuetensionsin CDSS
adoption among nurses align with existing theories of health
informatics adoption, such as the multidimensional nature of
success described in Brender et al [26]. Similar to our use of
the extended FITT framework, Brender et a emphasized that
clinical and decision support systems are influenced not only
by technical quality but also by organizational, behavioral, and
management factors. In our study, the importance of factors
like workflow alignment, user training, and |eadership support
shows their identified success dimensions: user involvement,
management commitment, and fit with the organizational
context. Moreover, several barrierswe observed—such asalarm
fatigue, lack of digita proficiency, and increased
workload—reflect the types of failure criteria Brender et a
highlight, including overloading the user, underestimating user
acceptance, and not understanding the impact on work
procedures. This reinforces earlier conclusions from our own
rapid review on CDSS adoption in nursing, which identified
similar facilitators and barriers, and emphasized theimportance
of aligning CDSSs with the values and redlities of nursing
practice [9]. Together, these findings demonstrate that while
technology continues to advance, many foundational barriers
to adoption remain persistent in practice.

Our findings aso align with those of Meunier et a [8], who
found that lack of integration with workflows, poor usability,
and insufficient stakehol der engagement were persistent barriers
in CDSS implementation, particularly in nursing and primary
care settings.

Topaz et al [16] further reported that nurses often experience a
misalignment between electronic health systems and their
professional identity. Our findings present this, especiadly in
relation to tensions between standardization and autonomy, or
efficiency and meaningful patient contact. Theserelational and
ethical aspects of CDSS usg, rarely captured in earlier models,
provide a novel perspective on adoption challenges.

However, our study also contributes new insights by connecting
identified valuetensionsto the FITT framework. Theidentified
tensions highlight the ethical and relational dimensionsof CDSS
adoption specific to nursing, suggesting that adoption is not
only a technical or structural issue, but also a negotiation of
values embedded in care practices.
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This comparison underscoresthat while technology has evolved,
many of the fundamental implementation challengesidentified
by earlier studies remain. Despite the passage of time, barriers
related to user experiencein I T systems, organizational change,
and professional identity continue to shape CDSS adoption.
Thiscontribution liesin explicitly mapping these tensions across
the FITT framework, offering a more dynamic view of the
complexity of IT adoption. This reaffirms the need for more
context-sensitive, participatory, and ethically adjusted
approaches to implementation.

Reflection on FITT Dimensions

Thefollowing section reflects on the main findings across each
FITT dimension.

Technology-1 ndividual Fit

The findings revealed that acceptance of CDSSs is highly
contingent on trust and user involvement in the system’sdesign.
While participants recognized the potential of CDSSs to
streamline workflows and enhance decision-making, lack of
involvement in system devel opment emerged asamajor barrier.
This underscores the need for participatory design processes
that engage nurses early in system creation. Additionally, digital
proficiency remains achallenge for some, particularly for nurses
with limited prior experience with technol ogy, emphasizing the
importance of targeted training programs. Experience-level
asymmetrieswere clear: nurses-in-training emphasized cognitive
scaffolding and confidence gains, whereas experienced nurses
more often raised concerns about autonomy loss, supporting
role sensitive design and training pathways rather than
one-size-fits-all rollouts. Cognition and clarification were
significant facilitators, as CDSSs simplified complex data and
provided timely knowledge updates. These factorsindicate that
well-designed systems can enhance clinical confidence and
reduce cognitive overload. However, inadequate support and
inconsistent training hindered system adoption for many
participants, suggesting that sustained organizational investment
in user education and technical support isessential for long-term
SUCCESS.

Technology-Task Fit

While CDSSs demonstrated substantial potential to enhance
information supply, continuous monitoring, and reporting,
barriers such as alarm fatigue and poor design remained
pervasive. Frequent, irrelevant al erts desensitize users and pose
risks to patient safety, highlighting the need for advanced alert
prioritization agorithms. Similarly, poorly aligned system
interfaces exacerbated user frustration, emphasizing the
importance of usahility testing tailored to clinical workflows.

The system'’s ability to support patient-focused care was
identified as akey facilitator, enabling shared decision-making
and improving patient outcomes. However, concerns around
restriction of freedom and safety suggest that overly rigid
protocols and potential system errors may undermine
professional autonomy and trust. Developers must balance
standardization with flexibility to address unique patient needs.

Alarm fatigue, as identified in this study, aligns with findings
by Abell et a [27] which emphasize its impact on user
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desensitization. However, our research adds nuance by
highlighting that nurses in critical care settings perceive this
overload as exacerbated by the lack of integration between
CDSS dlerts and existing workflows. These findings reframe
alert fatigue from a user-resilience issue to an organizational
signal-engineering problem (thresholds, routing, escalation, and
device or EHR integration), consistent with evidence that
unmanaged alarms desensitize even experienced staff [28-30].

This underscores the importance of addressing workflow
alignment alongside technical improvements.

Task-Individual Fit

Participants valued CDSSs for promoting accountability and
uniformity, which reduced variability and enhanced care quality.
However, the dual impact of workload emerged as a central
theme. While CDSSs streamlined some tasks, additional
administrative burdens often negated these efficiency gains.
Future implementations should aim to optimize workflows by
minimizing redundant data entry and integrating CDSSs
seamlesdly into existing processes.

The system’s role in prevention was widely acknowledged,
particularly in its ability to identify early warning signs.
However, concerns about work ethic highlight the risk of
overreliance on CDSSs, potentially diminishing professional
engagement and critical thinking. These findings suggest aneed
to reinforce the complementary role of CDSSs rather than
allowing them to dominate clinical decision-making.

The interaction between accountability and workload presents
another tension in this category. While accountability is
facilitated by CDSSs through standardized documentation, the
added burden of maintaining these standards may increase
workload. Accordingly, standardization aids accountability but
can aso constrain professional judgment in atypical cases;
guardrails with explicit override (and rationale capture) may
offer a better balance than hard locks [26]. This dual effect
reflects the need for careful workflow design to balance
efficiency with accountability.

Organizational Context

Organizational factorsplayed asignificant rolein shaping CDSS
adoption. Strong management support was a key facilitator, as
engaged leadership provided the necessary resources and
alignment with institutional goals. In addition, limited budgets
also mentioned as cash, hindered system upgrades and training
opportunities, excessively affecting resource-constrained
settings. Effective change management emerged as both a
facilitator and a barrier. While structured planning and clear
communication facilitated smoother transitions, poor
management of change processes created resistance and
uncertainty among staff. Thishighlightstheimportance of robust
implementation frameworks that address user concerns and
foster collective ownership of CDSSs.

The findings align with Kujala et a [10], who emphasized the
role of strong leadership in enabling successful CDSS
implementation. However, our study highlights a unique aspect:
thecritical role of consistent communication in sustaining nurse
engagement throughout theimplementation process. Thisnuance
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underscores the need for transparent leadership at every stage
of adoption.

Taken together, these recommendations move beyond
confirmation by specifying where and why common remedies
(eg, more training and more standardization) succeed or fail in
everyday nursing work, and by redirecting leversfrom individual
users to organizational signal- and workflow-engineering.

Implications for Practice

Based on thefindings, several recommendations emergefor the
successful adoption and integration of CDSSs into nursing
practice. The recommendations are ordered from “quick wins”

to “structured investments.”

Quick Wins

Thefirst quick win isto improve acceptance and usability; itis
essential to involve nurses at all stages of CDSS devel opment
and implementation. Providing opportunitiesfor nursesto share
their insights ensures that the system aligns with clinical
workflows and minimizes resistance stemming from lack of
involvement [31].

Targeted training programsthat aretailored to the diverse digital
proficiency levels among nurses are also critical. These
programs should emphasize the complementary role of CDSSs,
reinforcing critical thinking and professional autonomy while
addressing knowledge gaps, particularly for less experienced
nurses. Continuous education can help ensure that nurses feel
confident and competent in their interactions with CDSSs, for
example, by integrating data-driven competencies into nursing
studies as mentioned by the American Association of Colleges
of Nursing [32].

Thelast quick win isthat organizations must al so ensure nurses
have access to technical and operational support. Clear
communication channels and structured feedback loops are
essential to identify and resolve user challenges. Allocating
dedicated training time for nurses to engage with CDSSs and
related tool s beforeimplementation can possibly further enhance
their effectiveness and ease of use. Leadership support is also
critical for developing a culture of innovation. Leaders must
prioritize CDSS adoption by demonstrating its valueto clinical
practice and allocating resources.

Medium-Term | nvestments

A medium-terminvestment isthe preventive potential of CDSSs,
which should beleveraged to drive adoption by integrating tools
that alert nursesto early warning signs of patient deterioration.
Highlighting this capability can underscore the system’s role
inimproving patient outcomes. It is essential to address ethical
and professional concerns by reinforcing the role of CDSSs as
a support tool rather than a replacement for clinical expertise.
By emphasizing its ability to enhance decision-making while
preserving the human aspects of care, organizations can mitigate
fearsof overreliance and | oss of meaningful work, as mentioned
in multiple studies [33,34]. A responsible implementation
approach that considers these elements, for example,
value-sensitive design [35], can be used to ensure that CDSSs
contribute positively to nursing practice and patient care.
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Another medium-term investment that can be mitigated isalarm
fatigue, a barrier to CDSS adoption [28-30]. This can be
mitigated through the incorporation of advanced alert
management systems. Developers should implement smarter
algorithmsthat prioritize clinically relevant alerts, distinguishing
between critical and noncritical notifications.  Such
improvements would reduce cognitive overload and enhance
patient safety. Similarly, usability issues must be addressed
through usahility testing with frontline nurses during the design
phase. Intuitive systems that integrate seamlessly into existing
workflows can reduce redundant administrative tasks and
minimize the burden of data entry, ultimately enhancing
efficiency.

CDSS developers should aim to balance standardization and
flexibility in system design. While CDSSs can enhance
uniformity in care delivery, they must al so accommodate unique
clinical situations by alowing for overrides and customization.
Supporting decision-making in this way ensures that nurses
maintain professional autonomy and can reflect on past decisions
to learn from previous cases.

Long-Term Structural | nvestments

While many actions are primarily enacted at the ward or team
level, their impact ultimately depends on several system-level
preconditions in Dutch hospitals. Hospitals should ensure that
CDSS content and handovers align with nationally endorsed
information standardsfor electronic exchange; planintegrations
on astandards-based roadmap so device-EHR-CDSSinterfaces
arereliable and monitored; formalize hospital-wide governance
for aerts and decision support (clear ownership of default
settings, change control, and routine review of aert volumes,
overrides, and time-to-action); and schedule go-lives with
protected training time and backfill, acknowledging ongoing
nurse-staffing pressures.

Limitations

Thisstudy providesinsightsinto the adoption and use of CDSSs
by nurses in hospital settings, however, several limitations
should be acknowledged.

First, the study focused exclusively on nurses perspectives,
offering a detailed exploration of their experiences and
challenges with CDSSs. While this single-disciplinary focus
was essential to understand the specific interactions between
nursesand CDSSs, it does hot fully capture the interdisciplinary
nature of CDSS usage in hospitals. Input from other
stakeholders, such as physicians, administrators, and patients,
could provide a more holistic understanding of the factors
influencing adoption and implementation.

Second, while the extended FITT framework incorporated
organizational context, this study did not explore specific
organizational factors such asworkflow dynamics, hierarchical
structures, or ingtitutional policies that may shape CDSS
adoption. These organizational elements likely influence
facilitators and barriers in significant ways, and future studies
should consider a more granular analysis of these factors,
focusing specifically on the organizational context.
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Third, the qualitative design of this study enabled in-depth
insights into nurses lived experiences but limits the
generalizability of the findings. Although the sample included
nurses with diverse roles and experience levels from different
hospital types, the findings remain context specific. Quantitative
or mixed methods approaches could validate these findings and
provide broader generalization. Furthermore, while this study
was conducted within the Dutch health care system, many of
the identified facilitators and barriers, such as alarm fatigue,
training, usability, and leadership support, are relevant across
other health systems. Nonetheless, differences in health care
funding model s, workforce structures, and digital infrastructure
may influence the generalizability of our findings. In addition,
while the data collection was over 2 years ago, insights remain
applicable to ongoing implementation efforts as the core
experiences and challenges described by nurses remain highly
relevant.

Last, a principal limitation concerns our overlap of inductive
coding and deductive FITT mapping, as during the analysis of
theinterviews, the factors and thefit or no fit aspects were coded
simultaneously, combining the first two phases. Although this
provided efficiency, we acknowledge that conducting open
coding and deductive categorization in paralledl may have
introduced some risk of bias or reduced the emergence of
unexpected themes. To addressthis, weinitially applied an open
inductive approach first to all ow themesto surface directly from
the data before aligning them with the FITT framework. This
approach was further strengthened by an expert validation
session to ensure that no relevant themes were constrained or
overlooked. We acknowledge that subtle or emergent themes
may still be underrepresented because of this approach.
Nevertheless, we recommend that future studies consider
separating inductive and deductive phases more clearly to
enhance methodological rigor and reduce interpretive bias.

Future Research Directions

Future research could expand this study by incorporating
guantitative data collection to alow for broader generalization
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of the findings. Quantitative data could provide more precise
insights into the extent and impact of various facilitators and
barriers. Additionally, further research could explore variations
in barriers across different settings or user groups, which may
inform more tailored implementation strategies that address
specific needs or challengesin CDSS usage.

Another promising future research direction is the application
of decision mining as a quality assessment instrument. By
retrospectively analyzing decisions made by nurseswhen using
CDSSs, decision mining can offer valuable insights into
decision-making patterns, the quality of clinical judgments, and
potential areas for improvement. This retrospective approach
not only providesamethod to assessthe effectiveness of CDSSs
but also identifies where barriers may have impacted decision
quality. These insights can be used to refine both the CDSS
itself and the support systems around its implementation,
ensuring that barriers, such as design or usability issues, are
addressed. In doing so, decision mining could play a key role
in optimizing CDSSsfor nursing practice, improving both their
adoption and effectivenessin enhancing patient care.

Conclusions

This study highlights the factors influencing the adoption and
use of CDSSs by nurses in hospitals, emphasizing the
importance of achieving a fit between individuals, tasks,
technology, and organizational contexts. The extended FITT
framework provided avaluable lens for identifying facilitators
and barriers that can guide practica improvements. By
addressing critical areas such as user engagement, training,
system usability, and organizational support, CDSS
implementation can be more effectively tailored to meet the
needs of nurses. These findings contribute to a growing
understanding of how to optimize CDSSintegration into nursing
workflows, ensuring it enhances clinical decision-making and
improves patient outcomes.
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