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ABSTRACT

Clinical decision support (CDS) tools play a crucial role in assisting healthcare professionals in making informed decisions.
However, the full potential of CDS systems has not been realized due to various usability issues. This paper provides an
overview of usability issues identified in CDS tools, including graphical user interface issues, user experience problems, ter-
minology clarity, and user control problems. Several usability assessment methods, such as heuristic evaluation, think-aloud
testing, cognitive walk-through, and surveys, are employed to evaluate CDS tool usability. These methods reveal strengths
and weaknesses in CDS tool design, guiding improvements to enhance usability. The findings of this review emphasize the
importance of incorporating user feedback, employing iterative processes, and addressing interface design challenges to
optimize the usability and acceptance of CDS tools in healthcare settings. By addressing these usability issues, healthcare
professionals can leverage CDS tools effectively to improve patient outcomes.
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In today’s healthcare landscape, clinical decision sup-
port (CDS) tools have emerged as valuable resources
to aid healthcare professionals in making informed and
evidence-based decisions. CDS systems have become
increasingly integral in enhancing healthcare delivery,
offering a wide range of benefits across various clinical
domains. These systems aid in accurate diagnosis, as evi-
denced by their effectiveness in identifying complex con-
ditions like coronavirus disease 19 [1], and play a crucial
role in alerting healthcare professionals to adverse events
and drug interactions [2]. CDS systems also contribute
significantly to treatment planning, particularly in patien-
t-specific approaches in fields such as radiotherapy (3],
and are instrumental in evaluating and refining treatment
protocols, especially in pediatric care [4]. Additionally,
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they enhance patient safety by alerting to incorrect med-
ication dosages [5] and offer broader benefits including
improved documentation and cost reduction [6]. Fur-
thermore, CDS systems have proven to be valuable in
assisting with test result interpretation, mitigating in-
terpretative subjectivity, and reducing inconsistency [7].
Traditional CDS tools have primarily relied on rule-
based systems. However, with the emergence of artificial
intelligence (AI), there is growing recognition of its po-
tential to enhance CDS systems. Al-based approaches,
such as machine learning, offer the prospect of improving
the accuracy and effectiveness of CDS tools. Studies have
shown promising results in utilizing AI for decision sup-
port, indicating its potential to enhance clinical decision-
making processes and improve patient outcomes [8].
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Despite the significant potential for implementation,
CDS systems have not been fully realized in clinical set-
tings. Numerous challenges have been identified as ob-
stacles to the widespread adoption and effectiveness of
CDS systems. These challenges include leadership de-
ficiencies, a lack of recognition regarding the purpose
and value of CDS systems, limited understanding of the
complex interactions between humans and computers,
and problems about workflow integrations [9].

CDS tools provide useful information, alerts, and
recommendations, contributing to improved patient care
and safety. However, the successful adoption and utiliza-
tion of CDS tools heavily rely on their usability, which
encompasses factors such as ease of use, efficiency, learn-
ability, and user satisfaction. Understanding the usability
strengths and weaknesses of CDS tools is paramount to
optimizing their design, enhancing user acceptance, and
ultimately improving patient outcomes. By identifying
usability issues, addressing interface design challenges,
and integrating CDS tools seamlessly into clinical work-
flows, healthcare professionals can leverage these tools
effectively and efliciently. This review aimed to provide
valuable insights for enhancing the usability of CDS
tools, contributing to the development of user-friendly
and impactful decision support systems in healthcare.

USABILITY ISSUESDETECTED IN CLINICAL
DECISION SUPPORT SYSTEMS

Usability issues detected during the assessments of the
clinical decision support systems (CDS) mentioned in
the literature are as follows:

+ Graphical user interface (UI) issues, including navi-
gation and interaction challenges [10].

+ Ul and user experience (UX) problems, difficulties in
navigating the system and interacting with the inter-
face [11].

+ Cumbersome interaction with the graph of CDS [12].

+ Challenges related to terminology clarity and inter-
face navigation [13].

+ Usability issues related to user control problems [14].

+ Challenges with navigation and user interface [15].

+ Usability issues related to transparency, functionality,
workflow integration, automation, flexibility, and lay-

out [16].
+ Problems with clicking, hypetlinks, and unnoticed
alerts [17].

Highlight key points

e The success of CDS tools relies heavily on usability factors
such as interface design, navigation, and user satisfaction,
emphasizing the need to address usability issues for effec-
tive implementation in healthcare settings.

o Identified usability issues include graphical interface chal-
lenges, terminology clarity problems, transparency issues,
and difficulties in navigation, indicating the necessity for
comprehensive improvements to enhance overall usability.

e Various methods like heuristic evaluation, think-aloud pro-
tocols, scenario-based testing, and surveys have been em-
ployed to assess CDS usability, highlighting the multifaceted
approach necessary to understand strengths, weaknesses,
and areas for improvement.

+ Issues with information presentation, clarity of rec-
ommendations, and navigation [18].

These usability issues were identified through various
usability assessment methods such as heuristic evalua-
tion, cognitive walk-through, think-aloud protocols, and
scenario-based usability testing. Addressing these issues
is crucial for enhancing the overall usability and accep-
tance of CDS tools in healthcare settings.

USABILITY METHODS

Assessing the usability of CDS tools is crucial to en-
sure their effectiveness and acceptance among healthcare
professionals. Various studies have employed different
methods to evaluate the usability of CDS tools across
diverse medical domains (Appendix 1). These methods
include cognitive walk-through, think-aloud protocols,
scenario-based usability testing, heuristic evaluation, and
mixed-methods approaches. Each method offers unique
insights into the strengths and weaknesses of CDS tools,
enabling researchers to identify areas for improvement
and guide the design and development process.

Heuristic Evaluation

Heuristic evaluation involves the assessment of soft-
ware, documentation, or hardware products for usabil-
ity. In this method, a group of reviewers, ideally experts,
examine the product and compare it to a set of design
principles, commonly known as heuristics. Their goal is
to identify any areas where the product deviates from
these principles [19]. There are several studies in the
literature that assessed the usability of CDS tools via
heuristic evaluation.
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Marcilly et al. [10] conducted a heuristic evaluation
and obtained expert feedback on a CDS tool for medi-
cation review [10]. They identified graphical user inter-
face issues and developed guidelines for enhancing CDS
systems design through expert input. This study empha-
sizes the importance of expert feedback in improving us-
ability [10]. Sanderson et al. [11] employed a heuristic
evaluation approach to assess a CDS tool for massive
transfusion [11]. They identified UI- and UX-related
issues and utilized a user-centered design process to de-
velop a highly usable prototype with a clear interface and
intuitive blood product tracking. The study highlights
the effectiveness of heuristic evaluation in identifying
usability issues and guiding design improvements. Jones
et al. [16] employed simulation-based usability testing
and heuristic evaluation to assess a CDS tool for trauma
(16]. While the tool received a high systems usability
scale (SUS) score that rated usability of CDS tool, issues
related to transparency, functionality, workflow integra-
tion, automation, flexibility, and layout were identified.
This study emphasizes the value of combining different
evaluation methods to comprehensively assess usability.

Think-Aloud Testing
The Think Aloud Test is a user testing technique that fo-

cuses on direct observation. It involves instructing users
to verbalize their thoughts while carrying out a task, ex-
pressing what they see, think, do, and feel throughout the
process. This approach is highly effective for managing
user expectations and pinpointing any elements of a sys-
tem that may cause confusion [19].

Cho et al. [14] conducted a think-aloud protocol
and heuristic evaluation using severity scales to assess
a CDS tool for nursing diagnosis, outcomes, and inter-
ventions [14]. The study revealed positive feedback on
flexibility, efficiency of use, and user control while iden-
tifying issues related to severity scores for heuristic vio-
lations. This study emphasizes the value of a systematic
and simple approach, such as heuristic evaluation, in
assessing system usability before widespread implemen-
tation [14]. Greenberg et al. [13] conducted a study on
a CDS tool for children with mild traumatic brain in-
jury using a think-aloud protocol and user surveys [13].
The tool demonstrated positive usability aspects, such
as ease of use and aiding in patient care determination.
However, challenges related to terminology clarity and
interface navigation were also encountered. The study
emphasizes the importance of user feedback in improv-

ing usability [13]. Sunjaya et al. [15] evaluated a CDS
tool for breathlessness using a think-aloud protocol and
real-world scenarios [15]. While the tool was praised
for its ease of use and clear presentation of quantitative
information, challenges were faced with navigation and
user interface. This study highlights the value of incor-
porating real-world scenarios and user feedback in us-
ability assessment [15]. Schaaf et al. [20] conducted a
Thinking Aloud Test and utilized the SUS in evaluating
a CDS tool for rare diseases [20]. The study revealed
positive functionality in accessing patient overviews and
medical history but identified a lack of transparency in
patient similarity analysis. This study emphasizes the
need for revisions and improvements to enhance trans-
parency and usability in the analysis of patient similar-
ity [20]. Williams et al. [21] employed a think-aloud
approach and formal usability assessment to evaluate
a CDS tool for pediatric cardiovascular risk reduction
(21]. Overall, the reactions toward the tool were pos-
itive, but suggestions for improvement were made to
enhance user-friendliness and refine recommendations
for better patient tailoring. This study underscores the
importance of incorporating tester feedback to meet the
specific needs of clinicians in the practice setting [21].

Walkthrough Methods

Cognitive walk-through is a method used to evaluate us-
ability, where one or more evaluators assume the user’s
perspective and engage in a series of tasks and question-
ing [19]. Sanderson et al. [11] employed cognitive walk-
through using a simulated bleeding scenario, qualitative
assessment, and the SUS to assess the tool’s usability
(11]. The findings revealed an average SUS score of
69.3, indicating a favorable level of usability. The evalu-
ation also identified several UI and UX issues that were
promptly addressed. The researchers adopted a user-cen-
tered design (UCD) process to develop a highly usable
massive transfusion prototype CDS, resulting in a clear
interface and an intuitive blood product tracking system.
This study highlights the importance of incorporating
user feedback and employing UCD methodologies to
ensure the development of effective and user-friendly
clinical decision support tools for critical scenarios such
as massive transfusion [11].

Heuristic walkthrough is a comprehensive review
approach that integrates elements from heuristic eval-
uation, cognitive walkthrough, and pluralistic usability
walkthrough. During the application of this method,
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participants go through two rounds of evaluation for
the product. In the first pass, “thought-provoking” ques-
tions are utilized, and evaluators are tasked with work-
ing through a prioritized set of tasks. In the second pass,
evaluators employ a set of heuristics to uncover any addi-
tional issues or problems [19]. In their study on CDS for
antibiotic stewardship, Patterson et al. [22] employed a
heuristic review to identify ways to enhance the usability
of a prototype CDS [22]. Two independent raters con-
ducted a comprehensive review of the entire interface us-
ing the heuristic review methodology proposed by Wik-
lund et al. [23]. Through a series of 90-minute meetings,
the raters shared their independently generated findings,
discussed similarities and differences, and reached a con-
sensus on prioritized recommendations to improve the
interface’s usability. The review yielded 32 recommen-
dations aimed at enhancing the software’s usability and
usefulness [22]. The researchers addressed the identified
usability issues by implementing changes to the inter-
face. Notably, negative feedback was received regarding
interface display suggestions, feature suggestions, and
user tailoring. In order to further refine the prototype,
the revised version was subjected to three walkthrough
demonstration interviews with physician and pharmacist
subject matter experts, which led to additional recom-
mendations to improve the interface, functionality, and
tailoring for specific user groups. The findings highlight
the importance of iterative feedback and user involve-
ment in optimizing the design and functionality of CDS
systems for antibiotic stewardship.

Survey Methods and Rating Scales
SUS is widely recognized as a popular and standardized

rating scale for assessing usability. It offers a streamlined
approach with a concise set of 10 questions, allowing users
to provide subjective feedback. Given its widespread us-
age, there exists a substantial body of literature consisting
of reviews and evaluations that examine the effectiveness,
strengths, and limitations of the SUS, which convention-
ally ranges from 0 to 100 [19]. Multiple studies evaluated
the usability of various CDS tools using the SUS. Sander-
son et al. [11] obtained an average SUS score of 69.3 for
a CDS tool for massive transfusion, highlighting UI- and
UX-related issues [11]. Chen et al. [12] reported a SUS
score of 66.1 for a deep learning-based CDS tool for glau-
comatous visual field progression [12]. Butler et al. [24]
found an average SUS score of 75 for a trauma-related

CDS tool [24]. Sunjaya et al. [15] identified challenges

in navigation and user interface for a breathlessness-re-
lated CDS tool, with a SUS score of 59 [15]. Jones et al.
[16] reported a high SUS score of 90 for a trauma-re-
lated CDS tool but encountered issues with transparency
and functionality [16]. Nanji et al. [17] achieved a SUS
score of 78.1 for a perioperative medication-related CDS
tool, outperforming standard workflow [17]. Schaaf et al.
[20] obtained a good SUS score of 73.21 for a CDS tool
for rare diseases [20], while Hoelscher and McBride [25]
demonstrated high satisfaction scores for an infectious

disease-related CDS tool [25].

There is also one study that used Likert scale for us-
ability evaluation. Chen et al. [12] evaluated a deep learn-
ing-based CDS tool for predicting glaucomatous visual
field progression. They assessed usability through Likert
scale (ranging from 1 (strongly disagree) to 5 (strongly
agree))-based recommendations and found moderate
trust and utility in the predicted metric. The study high-
lights the importance of usability assessment in deter-

mining the effectiveness of Al-based CDS tools [12].

Mixed Methods Approach

In the realm of evaluating the usability of CDS tools,
several studies have employed different methodologies to
gather comprehensive feedback. Norvell et al. [26] used
a mixed methods approach, including think-aloud, inter-
views, and the post-study system usability questionnaire,
to assess 2 CDS tool for post-operative risk assessment
[26]. The tool received favorable usability ratings, albeit
with minor concerns regarding intuitiveness [26]. Sal-
wei et al. [18] conducted scenario-based usability test-
ing and surveys for a CDS tool targeting pulmonary
embolism, reporting high usability in both experimental
and real clinical settings [18]. However, the limitation of
insufficient workflow integration was identified, under-
scoring the need for improved integration to maximize
usability and effectiveness. Another study by Hoelscher
and McBride [25] evaluated a CDS tool for infectious
disease using the Task, User, Representation, and Func-
tion framework and the SUS, and reported high satis-
faction scores among nurses and providers, highlighting
the positive impact of an infectious disease alert module
on usability and user satisfaction [25]. Collectively, these
studies emphasize the significance of assessing CDS tool
usability through a range of methods, such as heuristic
evaluation, expert feedback, simulation-based testing,
think-aloud protocols, and user surveys. The findings
stress the importance of clear interfaces, efficient work-
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flows, transparency, and integration to enhance the us-
ability and effectiveness of CDS tools in clinical settings.
It is essential to incorporate user feedback and engage in
iterative refinement processes to optimize the usability
and acceptance of CDS tools in practical applications.

Scenario-Based Usability Testing and Surveys

Scenario-based usability tests have been employed in
multiple studies to assess the effectiveness and usability
of CDS tools. Sanderson et al. [11] conducted a cogni-
tive walk-through using a simulated bleeding scenario
and the SUS to evaluate a CDS tool for massive trans-
fusion, identifying UI and UX issues [11]. Sunjaya et
al. [15] utilized a think-aloud protocol with real-world
scenarios to assess a CDS tool for breathlessness, noting
challenges with navigation and user interface [15]. Nanji
et al. [17] employed expert-created scenarios and think-
aloud verbalization to evaluate a perioperative medica-
tion-related CDS tool, observing improved efficiency but
identifying usability issues [17]. Salwei et al. [18] con-
ducted scenario-based usability testing for a CDS tool
for pulmonary embolism, reporting high usability but
highlighting the need for better integration into clinical
workflows [18]. These studies demonstrate the value of
scenario-based usability testing in identifying strengths,
weaknesses, and areas for improvement in CDS tool de-
sign and implementation.

Content Analysis of Interviews and Usability Criteria

Salwei et al. [27] performed a content analysis of in-
terviews with emergency medicine physicians to assess
a CDS tool for pulmonary embolism [27]. Positive as-
pects, such as automatic population of vital signs, were
identified, while workflow integration and support for
resident-attending physician teamwork were highlighted
as challenges [27]. This study underscores the impor-
tance of applying human factors engineering principles
to enhance the usability of CDS systems.

Conclusion

In summary, these studies collectively demonstrate the im-
portance of evaluating the usability of CDS tools using a
variety of methods. By employing approaches such as cog-
nitive walk-through [11], think-aloud protocols [14, 28],
scenario-based testing (15, 17, 18], heuristic evaluation
(10, 11], and mixed methods [18, 26], researchers were
able to assess the usability strengths and weaknesses of

CDS tools across different medical domains (Appendix 1).

The studies using heuristic evaluation and expert
feedback highlighted the value of expert input in iden-
tifying usability issues and guiding design improvements
[11]. Incorporating expert feedback can lead to the de-
velopment of guidelines and enhancements that address
graphical user interface issues and improve the overall

usability of CDS tools [10].

In conclusion, the synthesis of these studies under-
scores the importance of evaluating the usability of
CDS tools in the healthcare domain. The use of diverse
evaluation methods allows for a comprehensive under-
standing of usability strengths, weaknesses, and areas
for improvement. Incorporating expert feedback [10],
user-centered design processes [11], real-world sce-
narios [15], and user feedback [26] are critical in op-
timizing the usability and effectiveness of CDS tools.
By addressing usability issues, improving interface de-
sign, and integrating CDS tools into clinical workflows,
healthcare professionals can benefit from highly usable
and effective decision support systems.
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