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Abstract

Background: Clinical decision support systems (CDSSs) play apivotal rolein health care by enhancing clinical decision-making
processes. These systems represent a significant advancement in medical information systems. However, optimizing their
effectiveness requires accounting for various human-computer interaction (HCI) elements that influence their functionality and
user acceptance.

Objective: This study aimed to identify and categorize key HCI elements that impact CDSS performance to enhance system
usability, adaptability, and decision-making accuracy.

Methods: We conducted a systematic literature review, identifying 923 studies from the databases PubMed, Scopus, and Web
of Science. Paperswere screened and selected based on predefined inclusion criteria. A rigorous quality assessment process was
applied to ensure the relevance and reliability of the included studies. Ultimately, of the 923 papers identified, 43 (4.7%) that
specifically addressed HCI elements applicable to CDSS environments were included in the final analysis. Data extraction and
synthesis were performed to answer the research questions regarding HCI elements.

Results: A total of 12 distinct HCI elements were identified, each with the potential to influence CDSS functionality. These
elements align with the International Organization for Standardization (1SO) 9241-11 framework, which defines usability in terms
of effectiveness, efficiency, and satisfaction. “User satisfaction,” “flexibility,” and “individuality” enhance satisfaction by
improving system adaptability and user acceptance. “Visibility,” “explainability,” and “user control” strengthen effectiveness by
supporting decision-making and error prevention. “Ease of use” improves efficiency by streamlining interactions and reducing
cognitive load. Some elements influence effectiveness and efficiency, such as “data entry,” which ensures structured inputs for
decision accuracy while optimizing workflows. Likewise, “aerts’ provide timely information for effective decision-making and,
simultaneously, are designed to avoid overwhelming users and maintain system efficiency. “ Simplification” and “mental effort”
also optimize workflows and reduce complexity. Furthermore, “interface” impacts effectiveness and efficiency by supporting
accurate decision-making and streamlining user interaction. This categorization, aligned with 1SO 9241-11, underscores the
context and task dependency of usability, highlighting that HCI elements must be adapted to different user needs and environments
for effective clinical decision-making.

Conclusions: This study addresses a critical gap in CDSS research by offering a comprehensive framework of HCI elements
tailored to the CDSS environment. Incorporating these elements into system design can improve user satisfaction, reduce data
errors, and enhance the accuracy of medical decisions. The findings lay the groundwork for future research, offering practical
guidelines for developing more reliable and efficient CDSS systemsin medical informatics fields.
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Introduction

Background

Clinical decision support systems (CDSSs) provide clinicians
with computer-generated clinical knowledge and patients with
relevant health information presented at the right time to support
optimal patient care [1]. Poorly designed user interfaces (Uls)
may impede structured data entry, potentially compromising
data quality and resulting in incomplete datasets [2]. Such
shortcomings can negatively impact the effectiveness of
integrated medical information systems when used within a
CDSS framework [3]. CDSSs, as a prominent method for
enhancing clinical decisionseffectively, rely on patient-entered
datain electronic medical records (EMRs). Data scientists face
challenges in analyzing data obtained from EMRs due to the
prevalence of errors, including typos and incorrect entries. In
other words, incomplete medical advice originates from
incomplete and unstructured prepared data for CDSSs [4].
Physicians often express these errors as stemming from an
inadequate interaction with the system [5]. Human-computer
interaction (HCI), based on the solid principles of ergonomics,
cognitive science, and psychology, is pivotd in creating practical
and beneficial technology for all users[6]. Indeed, HCI science
advocates for physicians through technological solutions and
enhancestheir comprehension of the significance of their daily
processes and the subsequent use of data stored in electronic
health records (EHRS) [7].

Although the HCI concept typically encompasses how computer
systems are designed for ease of use, efficiency, and
effectiveness [8], HCI in the medical ream implies the
investigation and design of computer systems that expedite
productive and intuitive interaction between physicians and
technology to boost user experience (UX) and achieve the
desired result [9].

Neglecting HCI elements in medical systems can lead to
inadequate graphica Uls, potentialy hindering physician
adoption and efficacy within the digital health care landscape
[10]. Conversely, some studies have demonstrated that
incorporating HCI elements improves user acceptance and
enhancesthe effective use of CDSSfunctionalities[11]. Despite
several studies addressing HCI elementsand their components,
the lack of studies on HCI elements that can affect CDSS
performanceisquite noticeable. Inthisregard, related concepts,
such as usahility, UX, or user-centered design (UCD), al of
which contribute to physician satisfaction, need to be
investigated. HCI assists in identifying system requirements,
including text style, fonts, layout, graphics, and color.
Meanwhile, usability focuses on efficiency, effectiveness, utility,
ease of learning, and ease of assessment. Combining these
perspectives ensures a comprehensive approach to designing a
CDSS that meets technical and user-centric demands [12].

The necessity of distinguishing HCI elements specifically for
CDSSs, in comparison with decision support systems (DSSs),
is derived from theunique demands of the health care
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environment [13]. CDSSs must seamlessly integrate complex
medical knowledge, ensure adherence to stringent clinical
guidelines, and accurately handle sensitive patient data, all while
minimizing the cognitiveload on health care professionals[14].
These systems support clinical decisions that directly impact
patient outcomes. This is why elements of usability and UX
must be considered. Unlike generic DSSs, CDSSs must navigate
the intricate nature of medical decision-making. Hence, a
tailored approach to HCI elements is needed to address these
specialized requirements effectively [15]. In addition, EMRs
must be designed using comprehensive HCI elements to serve
asagateway to the datarequired by the CDSS. Poorly designed
HCI in EMRs can lead to improper data entry or retrieval [16].
These errors can have serious consequences, potentialy
impacting patient safety and even leading to loss of life.
Conversely, well-designed HCI can facilitate accurate data
handling, improving patient care and significantly enhancing
outcomes [17].

Due to the absence of targeted studies that focus on leveraging
HCI elements within the CDSS environment, conducting this
researchiscrucial. By systematically identifying and evaluating
practical HCI elements specific to CDSSs, this study provides
acomprehensive guide to enhance the performance and usability
of these systems. This focused investigation offers a unique
framework that health care professional s and system devel opers
can use to implement more effective and user-friendly CDSS
solutions. The scientific contribution of this study lies in
providing a structured methodology to improve CDSS
performance, ensuring better integration of HCI elements
tailored to the health care context.

Systematic Literature Review

Conducting a systematic literature review (SLR) [18] was the
most effective method for this research because it alowed for
arigorous and comprehensive collection of existing studiesin
thefield. An SLR provides atransparent and replicable process
for identifying, evaluating, and synthesizing relevant literature.
Using the SLR approach, we endeavored to extract and
categorize HCI elements that are especially applicable within
the CDSS environment, ultimately paving the way for improved
CDSS performance.

On the basis of the concerns highlighted in this study, we
formulated the following research questions (RQs):

+  RQL: Which HCI elementsin medical information systems
can affect CDSS functionality?

+ RQ2: How does incorporating the identified elements
improve CDSS performance?

By seeking aresponseto thefirst RQ, we aimed to identify and
extract HCI components that have the potential to affect CDSS
functionality, as pointed out in the reviewed papers. The second
RQ focuses on investigating how the identified HCI elements,
when applied within medical environments and information
systems, contribute to enhancing CDSS performance.

JMIR Hum Factors 2025 | vol. 12 | 69333 | p. 2
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

The remainder of this work is organized as follows. The
Methods section describes the methodology and the review
steps. The Review Planning subsection detail sthe SLR planning
phase, whilethe Review Process subsection presentsthe review
and data extraction steps. The Results section presents the
findings from the analyzed studies to answer the RQs. Finally,
the Discussion section presentsthe principal findings, with some
clues and future research lines outlined in the Conclusions
subsection.

Methods

Overview

This study followed the SLR methodology outlined by
Kitchenham [19] and Kitchenham and Charters [20] to ensure
a thorough and unbiased synthesis of existing research. The
SLR was complemented by a systematic literature mapping
following the method proposed by Kitchenham et a [21]. This
segment outlines the protocol used to perform the SLR,
providing the necessary information to support the subsequent
findings. According to the guidelines provided by Kitchenham
[19] and Kitchenham and Charters [20], the SLR process
consists of 3 principa phases. planning, conducting, and
reporting the study. We adhered strictly to the defined SLR
protocols and methodological nuances articulated in the study
by Pati and Lorusso [22] to ensure transparency in both the
research process and results.

Before planning this SLR, apreliminary search was conducted
to ascertain that no recent SLR had been undertaken to identify
HCI elements within CDSSs. This preparatory appraisa
involved searching various electronic databases, including
Scopus, Web of Science, and PubMed, using terms related to
the methodology (eg, SLR or systematic literature review) and
the review focus (eg, HCI, usability, user experience, elements
in CDSS, and equivalent concepts). The results of this
preliminary search confirmed the absence of an SLR on the
specified theme, thereby justifying the implementation of this
review to fill the identified research gap.

Review Planning

The review planning process involves identifying and defining
various dimensionsto provide the foundation for executing the
review, such as formulating the RQs, detailing the protocol
followed, and any other relevant information to ensure the
traceability of the review process. We outline these dimensions
in this subsection.

Mapping Questions
This study’s main concerns and RQs are outlined in the
Introduction section. To further explore the context and breadth

of our SLR, we formulated 4 mapping questions (MQs) to guide
our analysis:
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«  MQ1 (geographic distribution of studies): Where have
studies related to HCI elements in CDSSs been conducted
worldwide?

« MQ2 (year-wise distribution of studies): What is the
distribution of studies by identified HCI element over the
years?

«  MQ3 (publication venues): What is the distribution of
studies between journal papers and conference papers?

«  MQ4 (focusdistribution): What percentage of theidentified
studies discuss each HCI element (eg, alerts, interface,
system design defects, and mental effort)?

It is important to note that MQ4 (focus distribution) does not
have a dedicated subsection. Instead, it has been addressed
throughout the identification and discussion of each HCI
element. By addressing these MQs, we aim to provide a
comprehensive overview of the current research landscape,
highlighting key trends and patterns that inform the influence
of HCI elements on CDSS performance and user interaction.

Population, I ntervention, Comparison, Outcome, and
Context Framework

Regarding the questions posed, the population, intervention,
comparison, outcome, and context method proposed by
Petticrew and Roberts [23] (outlined in the following
subsections) and which provides a structured framework for
research reviews was used to define the review scope.

Population

We considered al studies that involved software solutions,
regardless of their implementation or design. Although the
review focuses on the properties and attributes of EMRs, the
target studies addressed HCI elements within CDSSs.

Intervention

The interventions of interest included those that suggested or
introduced some elements addressing HCI issues in EMRs or
eHealth systems, excluding stand-al one solutions such asmobile
health apps.

Comparison
No comparison between interventions was planned.

Outcome

The fundamental outcome of thisreview isto identify key HCI
elements that can enhance the functionality of CDSSs.

Context

We considered al studiesrelevant to EMR and eHealth systems.
The review includes all papers describing the successful
implementations and designs of EMRsin medical environments,
such as hospitals and medical centers worldwide.

Inclusion and Exclusion Criteria

After defining the review’s scope, we established inclusion and
exclusion criteria (Textbox 1) to choose pertinent literature for
addressing the RQs.

JMIR Hum Factors 2025 | vol. 12 | e69333 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

Textbox 1. Inclusion and exclusion criteria.

Azadi & Garcia-Pefialvo

Inclusion criteria

e  The paper iswritten in English.

«  Thefull paperisavailable.

Exclusion criteria

o The paper is not written in English.

o Thefull paper isnot available.

«  The paper proposes a pragmatic and implementable solution (eg, method, technique, model, tool, or framework).
«  Theproposed solution is applied to software, applications, platforms, services, infrastructures, or systems.
«  Thestudy focuses on electronic medical records, electronic health records, or eHealth.

«  Theproposed solution supports or addresses the tailoring of attributes and criteria to improve medical decision support capabilities.

«  The paper was published between 2000 and July 2024 (when the search queries were executed).

« Thetailoring capabilities relate to human-computer interaction, usability, user interface, user experience, or user-centered design.

. Thearticleispublished in apeer-reviewed journal, book, or conference (including only conferences ranked B or higher in the CORE Conference
Ranking list or classified in the top 2 quartiles in the Scimago Journal Rank index).

«  The paper does not propose a pragmatic and implementabl e solution (eg, method, technique, model, tool, or framework).
«  Theproposed solution is not applied to software, applications, platforms, services, infrastructures, or systems.
«  Thestudy is not focused on electronic medical records, electronic health records, or eHealth.

«  The proposed solution does not support or address the tailoring of attributes and criteria to improve medical decision support capabilities.

«  The paper was published before 2000 or after July 2024 (when the search queries were executed).

.  Thetailoring capabilities do not relate to human-computer interaction, usability, user interface, user experience, or user-centered design.

« Thearticleisnot published in apeer-reviewed journal, book, or conference (including only conferencesranked B or higher in the CORE Conference
Ranking list or classified in the top 2 quartilesin the Scimago Journal Rank index).

Search Strategy

It is imperative to identify the most significant databases
regarding the search domain in which the queries will be
executed to obtain relevant outcomes from the investigation.
For this study, 3 electronic databases were selected: Scopus,
Web of Science, and PubMed. These databases were chosen
based on the following criteria:

+  They serve as reference databases in the research domain.

+  They are highly relevant to the study context.

+ They support the use of search strings and Boolean
operators to augment the results of the retrieval process.

Onthe basis of the research context used to construct the search
guery, the following terms were included:

+  Usability—this concept refers to efficiency, effectiveness,
and physician satisfaction [24,25]. It emphasizes
maximizing system facilitators to enhance usability [26,27].

« All terms related to HCI—HCI involves interaction and
communication between users and computer systems,
encompassing the exchange of information, symbols, and
actions to facilitate seamless interaction between humans
and computers[28]. Inthisregard, HCI elements are defined
as the specific dlements or attributes that influence user
interaction and experience within the determined framework
[29]. HCI elements and HCI factors in medical settings
highlight the importance of UCD, ensuring that medical
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staff are integrally involved in developing and refining
medical systemsfor enhanced performance and satisfaction
[30,31]. The terms HCI factors and HCI elements are
sometimes used interchangeably in HCI literature. HCI
factors often refer to broader influences on usability, while
HCI elements represent specific design components.
User-centered design (UCD)—UCD emphasizes the
essentiality of considering end users’ viewpointsin shaping
or evolving aproduct or software, predominantly based on
end-user feedback [32].

User interface (Ul)—in medical information systems, the
Ul serves as the direct interface between the system and
physicians. It can be categorized as static, appearing the
same for al users; or dynamic, adapting to varying
circumstances based on user interactions with the system
[33].

CDSS—CDSSs encompass a broad range of tools and
interventions, both computerized and honcomputerized, to
aid clinicians in their complex decision-making processes
[34,35]. They are being integrated into EMRs and
computerized clinical workflows worldwide, empowering
health care providers to access timely and pertinent
information, ultimately leading to better patient outcomes
through informed decision-making during clinical care[14].
Artificial intelligence (Al)—in medicine, Al refers to the
ability of medical systems to respond to environmental
factors and support decision-making, achieving results
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comparable to human medical professionals [36]. CDSSs
that use Al function asdigital dynamic knowledge systems
that leverage patient datato create tail ored recommendations
for clinicians [37]. In other words, CDSSs are meant to
assist rather than perform clinical decision-making [38].

In line with the research goals, we only investigated HCI
elementsthat directly or indirectly impact systemsdesigned for
medical decision-making. Hence, HCI elements not relevant to
this context were excluded from consideration.

Quality Assessment

Overview

Although inclusion and exclusion criteriahelp identify relevant
works for a study, they do not address the quality of the papers
retrieved regarding their ability to address the RQs. Therefore,
we developed a separate set of quality assessment criteria. We
adopted a scoring system in which each coauthor independently
evaluated the studies using the quality questionnaire proposed
by Kitchenham and Brereton [39]. The scoring was as follows:
a“yes’ response earned 1 point, a“partially” response earned
0.5 points, and a“no” response earned 0 points. The maximum
score a study could receive was 7 points. The quality
guestionnaire and its corresponding assessment phases are
detailed in the following subsections.

Design Clarity and Relevance

Are the research aims and objectives clearly stated and aligned
with the study’s focus on HCI elementsin CDSSs?

Data Collection and Relevance

Does the paper provide comprehensive and relevant data
pertinent to HCI elements in CDSSs, including metrics for
evauation?

Empirical Measurement and M ethodology

Are the HCI elements empirically measured with well-defined
metrics? Is the methodology for evaluating these elements
clearly described?

Analysisand Documentation

Aretheresearch results documented with granul arity, including
participant information, observational units, and anaysis
methods?

https://humanfactors.jmir.org/2025/1/e69333
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Conclusion Validity and RQs

Do the study’s conclusions adequately answer the RQs? Are
the implications for HCI and CDSSs clearly articulated?

HCI Evaluation M ethod

Is the HCI evaluation method used in the study justified and
described in sufficient detail ?

Relationship Between HCI Elements and CDSS Outcomes

Does the study adequately illuminate the relationship between
the applied HCI elements and the CDSS outputs or results and
their consequences?

Quality Assessment and Interrater Reliability

The maximum score a study could receive was 7 points. To
advance to the next phase of the review, studies were required
to score at least 5 out of 7 points. To validate the quality
assessment results and demonstrate process consistency, we
computed ameasure of interrater reliability using Krippendorff
a [40]. The Krippendorff o value was 75.33%, indicating that
the data were interpreted similarly and acceptably among the
coauthors. When discrepancies arose, we engaged in discussion
Sessions to reach a consensus.

Query Strings

Overview

The search strings for each considered source were generated
using relevant search terms derived from the population,
intervention, comparison, outcome, and context methodol ogy
outcomes [41], connected by Boolean “and” or “or” operators.
The canonical search equation provides a standardized template
that ensures consistency across different databases. This
canonical search equation is then adapted to fit the specific
syntax of each database. The canonical search equation is as
follows: (“human-computer interaction” OR “HCI” OR
“usability” OR “user experience’ OR “user interface’” OR
“user-centered”) AND (“electronic medical records’ OR“EMR”
OR “electronic health records” OR “EHR”) AND (“clinical
decision support systems’ OR “CDSS’ OR “decision support
system*” OR “DSS’ OR “artificial intelligence” OR “Al”).

Using the canonical search equation, we formulated the
following queries tailored to each of the 3 selected databases
to retrieve al relevant studies, including those addressing the
implications of physicians' interactions with systems. Each
database required distinct syntax, as outlined in Textbox 2.

JMIR Hum Factors 2025 | vol. 12 | e69333 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

Textbox 2. Search syntax for each database.

Azadi & Garcia-Pefialvo

Scopus

(TITLE-ABS-KEY (“human-computer interaction” OR “HCI” OR “usability” OR “user experience” OR “user interface” OR “user-centered”) AND
TITLE-ABS-KEY (“electronic medical records’” OR “EMR” OR “electronic health records” OR “EHR”) AND TITLE-ABS-KEY (“clinical decision
support systems” OR “CDSS’ OR “*decision support system*” OR “DSS’ OR “artificial intelligence” OR “Al™))

Web of Science

(TS= (*human-computer interaction” OR “HCI” OR “usability” OR “user experience” OR “user interface” OR “user-centered”) AND TS= (“€electronic
medical records” OR “EMR” OR “electronic health records’ OR “EHR”) AND TS= (“clinical decision support systems’ OR “CDSS’ OR “decision

support system*” OR “DSS” OR “artificial intelligence” OR “Al"))
PubMed

((* human-computer interaction” OR “HCI” OR “usability” OR “user experience” OR “user interface” OR “user-centered”) AND (“ electronic medical
records’ OR “EMR” OR “electronic health records’ OR “EHR”) AND (“clinical decision support systems’ OR “CDSS’ OR “decision support

systlem*” OR “DSS’ OR “artificial intelligence’ OR “Al”))

Limiting Retrieved Results

Each database required distinct syntax, as outlined in the query
strings presented above. In subsequent stages of this review,
the retrieved results were limited to those that had the potential
to address the predefined RQs.

Review Process

The PRISMA (Preferred Reporting Items for Systematic
Reviewsand M eta-Analyses) guidelines[42] werefollowed for
reporting this SLR. Refer to Multimedia Appendix 1 for the
PRISMA checklist.

The data-gathering process was segmented into several stages,
during which various inspections were performed.

Once the search was completed on July 25, 2024, the paper
selection process was conducted in the following stages:

1. The raw data, consisting of records retrieved from the 3
databases, were compiled into a Zenodo repository
(Multimedia Appendix 2). This dataset, which contains data
from 923 papers, is organized into separate sheets for each
database: Scopus (n=506, 54.8%), Web of Science (n=188,
20.4%), and PubMed (n=229, 24.8%).

2. After arranging the records, duplicate papers were
eliminated. Of the 923 papers, 326 (35.3%) were removed,
leaving 597 (64.7%) for the next stage.

3. Atthefirst step of the screening, reading thetitles, abstracts,
and keywords and applying the inclusion and exclusion
criteria resulted in 444 (74.4%) of the 597 papers being
excluded, leaving 153 (25.6%) for the next phase.

4. Of these 153 papers, the full text of 5 (3.3%) was not
accessible; hence, weread in detail and further scrutinized
148 (96.7%) papers. After an exhaustive examination of
these 148 papers, we removed 105 (70.9%) for thefollowing
reasons: 49 (46.7%) involved HCI elements in medical
environments, but these elementswere unrelated to CDSSs,
38 (36.2%) did not explicitly focus on HCI or usability
elements, although they discussed CDSS functionality; and
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18 (17.1%) did not clearly explain the rel ationship between
theidentified HCI elements and CDSS functionality.

5. Ultimately, of theinitially identified 923 papers, 43 (4.7%)
were selected for thefinal analysisand review (Multimedia
Appendix 3 [7,43-84]).

Results

Overview

This section provides adetailed analysis of thefindings derived
from our SLR on HCI elements that influence CDSSs. By
thoroughly examining the 43 articlesincluded for analysis, we
aimed to answer the formulated RQs and MQs, thereby
delineating the boundaries of this research area.

Our RQsfocused onidentifying the HCI elementsthat influence
medical data management and CDSS functionality (RQ1) and
understanding how these identified HCI elements can impact
CDSS performance (RQ2). These questions were essentia for
understanding the relationship between HCI elements and the
efficiency, accuracy, and usability of CDSSs.

In addition to these RQs, we formulated severa MQs to
comprehensively explore the scope and context of the studies.
These included understanding the geographic distribution of
research effortsin thisarea, analyzing the temporal distribution
of theincluded studies, and identifying their publication venues.
Furthermore, we examined the topic distributionin thisSLR to
determine the percentage of attention each identified HCI
element received across the reviewed studies.

This analysis provides insights into the HCI elements
investigated in the studies and how they influence CDSS
functionality. This comprehensive overview offers valuable
information on how HCI elements can be optimized to enhance
the overall performance and effectiveness of CDSSs, ultimately
contributing to improved patient care and decision-making
within medical settings.

The PRISMA flow diagram [42] illustrates the steps taken to
extract the required data (Figure 1).
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) 2020 flow diagram showing the number of studiesidentified,
screened, assessed for eligibility, and included in the final analysis. CDSS: clinical decision support system; HCI: human-computer interaction; WoS:

Web of Science.
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Geographic Distribution of Studies

Our investigation to address M Q1 was carried out by considering
theaffiliations of all authors. Consequently, astudy with authors
from Spain, the United Kingdom, and Sweden was attributed
to al 3 countries. In total, 43 studies were conducted across 14
countries. As depicted in Figure 2, the geographic distribution
reveals a significant concentration of research in the United

Figure 2. Geographic distribution of the included studies.
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Degspite the rapid technological advancements and growing
health care needs in Asia, our analysis revealed a notable lack
of studies relevant to HCI elements in the CDSS realm from
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Statesand Europe, reflecting global interest in enhancing CDSSs
through improved HCI elements. The United States contributed
the most publications, with 51% (22/43) of therelevant studies,
followed by the United Kingdom with 12% (5/43); Canadawith
7% (3/43); and Russia, Spain, France, and Australia with 5%
(2/43). The remaining countries—Sweden, South Africa,
Norway, New Zealand, Finland, and Germany—each accounted
for 2% (1/43) of the studies.

22

Finland: 1

Russia: 2

Australia: 2
1

New Zealand: 2

Asian countries. Addressing this discrepancy is crucia for
developing cultural and contextual usability solutionsto enhance
CDSS performance.
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Our exploration indicates that the emphasis on distinct HCI
elementsvaries by country based on specific demands, policies,
and priorities. In the United States, which has the highest
research activity in this field, studies have predominantly
investigated HCI elementsrelated to CDSS alerts (9/22, 41%),
Ul (3/22, 14%), and ease of use (2/22, 9%). Although these core
HCI elements areimperative, some specific HCl demands may
be considered depending on cultural differencesand local needs
[85].

Year-Wise Distribution of Studies by Identified HCI
Elements

Through the review process, we identified 12 HCI elements.
Each included paper primarily focuses on 1 main element, as
shown in Figure 3. While some papers discuss multiple HCI
elements, the figure presents the dominant HCI element

Azadi & Garcia-Pefialvo

addressed in each paper. The bar graph illustrates which HCI
elementsrelated to CDSS received attention each year. Although
the gradual formation and evolution of CDSS technology began
in 1990 [14], HCI elements have gained significant attentionin
medical settings since the 1990s, with increasing emphasis on
usability, UX, and interface design in health care technology
[86]. This study depicts the conjunction of 2 concepts—HCI
and CDSS functionality—that have emerged since 2003 and
have seen significant advances, especially since 2015. Figure
3 highlights this growth, which is tightly related to MQ2. As
shown in Figure 3, an investigation gap existed in this realm
between 2006 and 2011, and most studies on this subject were
carried out in 2015 and 2022. Since 2011, there has been a
growing interest in exploring the relationship between HCI
elements and CDSS functionality.

Figure 3. Scattering leverage of human-computer interaction elementsin clinical decision support systems over the years.
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This trend reflects the increasing comprehension of the
importance of UCD in hedth care technology, aiming to
improve the usability and effectiveness of CDSSsin supporting
clinical decision-making processes [87].

Publication Venues: Distribution by Study Type
(Journal, Conference, or Book Chapter)

Nearly all of the included papers (42/43, 98%) were published
in academic journals. This indicates a strong preference for
disseminating research findings related to HCI elements in
CDSSs through journal publications, which are often peer
reviewed and highly regarded in the academic community.
Moreover, 1 (2%) of the 43 papers was a book chapter, which
provides comprehensive overviews and in-depth discussions
on specific topics, contributing valuable insights to the field.

Thisdistribution, as the explicit answer to MQ3, highlightsthe
credibility and rigor of the selected studies, ensuring that the
insightsand conclusions drawn from thisreview are thoroughly
examined and well substantiated.

https://humanfactors.jmir.org/2025/1/e69333
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Identified HCI Elements That Influence CDSS
Functionality and Performance

Overview

Asdiscussed in the previous subsections, regarding our explicit
guestion about HCI or user perspective elements with the
potential to impact CDSS functionality, we identified 12
elements after a full-text study of 43 selected papers. These
elements were categorized based on their inherent nature,
application context, and significance to the UX, particularly
from the perspective of medical staff. Asillustrated in Table 1,
these elements address different HCI concerns. Although HCI
elementssuch as“interface” inherently encompass subel ements
such as “visbility,” “user control,” and “data entry,” these
subelements have been presented independently to highlight
their unique roles and distinct contributions to CDSS
functionality and usability; for example, “data entry” focuses
on minimizing input errors through standardized workflows,
whereas “visihility” prioritizes intuitive data
presentation—distinct concerns that have been highlighted in
studies on clinical efficiency and user trust [60,88].
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Table 1. Extracted human-computer interaction (HCI) elements and insights.

HCI elements and topics and addressed concerns References
Alerts
Usability flaws [43,44]
Alert fatigue [7,45-47]
Alert design recommendations [48-53]
Barriers (too many alerts) [54]
Ease of use
Intention to use [55]
Understandable [56]
Customizability [57]
User-friendly features [58]
Jargon avoidance [59]
Consistency of operations [60]
Goal-directed design [61]
Facilitators (automating data fetching) [62]
Interface
Acceptability [63]
Information recall issues [64]
Data presentation [65]
Visualization [66]
Interface features [67]
Physical layout [68]
Facilitators and barriers to presenting diagnostic information [69]
Heuristic semantic tags (to improve interface design) [70]
Visibility
Error visibility [71]
Patient status visibility [72]
Importance-based highlighting [73]
Simplification
Removing extraneous information and procedures [74]
Resolving the conflict between system simplicity and usefulness [75]

User satisfaction

Users' expectations and learnability [76]
Effectiveness, efficiency, and accessibility [77]
Barriers (mismatch between meaningful-use criteriaand physicians'  [78]
expectations)
Explainability
Transparent and informative recommendations [79]
Flexibility
Ability to change order and revise data entry [80]
User control
Controllahility for error prevention [81]
Data entry
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HCI elements and topics and addressed concerns References

Accurate and structured data entry [82]
Individuality

Individualized and user-centered approach [83]
Mental effort

Cognitive load [84]

This categorization of HCI elementsalignswith the International
Organization for Standardization (1SO) 9241-11 framework
[89], which defines usability as acombination of effectiveness,
efficiency, and satisfaction in achieving specific goals within
a particular context. We found some studies (3/43, 7%) that
directly evaluated CDSSsto assess “ user satisfaction,” focusing
on the outcomes of user-system interaction. These studiesalign
with the satisfaction component of the 1SO 9241-11 standard,
emphasizing users’ subjective experience and acceptance of the
system. In comparison, “visibility” supports the effectiveness
dimension of this standard by ensuring that users remain
informed about the system’s status in a timely manner,
facilitating accurate decision-making. Conversely, “ease of use”
correspondsdirectly to the efficiency dimension of 1SO 9241-11
because it minimizes the cognitive and physical effort required
tointeract with the system, enabling usersto achievetheir goals
with minimal waste of resources or time. Moreover,
“explainability” enhances effectiveness by improving users
understanding of system outputs, while “alerts’ contribute to
both effectiveness and efficiency, ensuring that critical
information is promptly communicated without overwhelming
users. Another HCI element, “user control,” also strengthens
effectiveness by aiding error prevention and recovery, allowing
usersto rectify mistakes and maintain workflow reliability. As
the “interface” element impacts decision accuracy and
interaction speed, it is strongly related to effectiveness and
efficiency. “Hexibility” and “individuality” primarily support
satisfaction because they enable system adaptability to different
user needs and preferences, fostering trust and engagement.
“simplification” and “mental effort” impact both efficiency and
effectiveness because they reduce cognitive load, eliminate
unnecessary complexity, and optimize workflow processes.
Another HCI element, “data entry,” contributes to accurate
information for decision-making (effectiveness) and streamlines
the input process to save time and reduce effort (efficiency).

Therationalefor this categorizationisclarified in Table 1, which
outlinesthe main concern addressed by each study and explains
how it relates to a specific HCl element. The subsections that
follow provide adetailed explanation of each HCI element listed
in the table.

Alerts

Overview

Alertshave beenidentified in thisstudy asamajor HCI element.
Alertsin CDSSs are essential for enhancing patient safety and
clinical efficiency. They provide immediate, actionable
information to health care providers. They can warn about
potential drug interactions, highlight critical patient allergies,
or flag abnormal laboratory results [48]; for instance, an aert

https://humanfactors.jmir.org/2025/1/e69333

might notify a physician about a dangerously high potassium
level in a patient, prompting immediate intervention. These
alertshelp prevent errors, ensure timely responses, and support
adherence to clinical guidelines, ultimately improving patient
outcomes and streamlining clinical workflows [90].

To explicitly investigate aert-related concerns within CDSSs,
itiscrucial to differentiate between alertsand reminders because
conflating these elements can hinder effective system design.
In the context of HCI within CDSSs, aertsand reminders should
be discussed separately, given their distinct functions [91].
Alerts are immediate notifications requiring urgent attention,
supporting real-time decision-making with minimal cognitive
load. Reminders are persistent prompts designed to ensure that
critical tasks are not overlooked, thereby improving adherence
to clinical guidelines. They are defined as a communication or
message to ensure that physicians remember critical tips [92].
Reminders can cause cognitive overload and frustration if they
are too frequent or irrelevant—in such cases, they are
categorized as barriers. Conversely, when reminders assist
physicians, they are considered facilitators[93]. Thisdistinction
ensures a more effective optimization of HCI elements in
CDSSs, balancing support and usability.

The findings from this SLR demonstrate that 31% (13/43) of
the selected papers addressed alert-rel ated topics, while Figure
3 showsthat this element was mostly studied between 2011 and
2016 (11/13, 85%), although some studies (2/13, 5%) have been
conducted in recent years (2020 and 2022). Research on alerts
has focused on 3 main areas. Table 1 presents the studies that
have addressed these categories, which are detailed in the
following subsections.

Alert Fatigue

Alert fatigue posesasignificant challengefor CDSS instruments
because users may begin to neglect or override activated alerts
due to their frequent occurrence [94]. In 2016, Gong and Kang
[47] presented five solutions to address alert fatigue: (1)
augmenting alert specificity, (2) tiering al erts based on severity,
(3) applying human factors principles (such asformat, content,
legibility, and color), (4) customizing alerts based on patient
attributes, and (5) providing tailored alerts for medical
practitioners.

Thetiming of alertsiscrucial because they should be presented
at moments conducive to informed medical decision-making.
It is important to strike a balance: aerts should be intrusive
enough to capture attention, but they should not distract or divert
users from the primary care pathway [45]. Maintaining this
balance prevents alert fatigue, sometimes referred to as habitual
override.
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Usability Flaws

Usahility flaws relevant to CDSSs that diminish alert
performance have been identified as follows [43]:

«  Thedigtinguishing visualizationsdo not illustrate the variety
of severity levelsin the alerts.

«  Theinformation presented within aertsis dense and lacks
brevity.

« Alow signa-to-noiseratio, reflecting a high proportion of
erroneous alerts compared to correct ones, often results
from nonupdated or incorrect data.

«  Alert content issues stem from missing information relevant
to alert goals, data interpretation, or necessary practical
recommendations.

« Thereis a scarcity of transparency regarding the reasons
that have led to the triggering of the alert.

« The clinicians are not directed at fixing the problem
identified by the alert.

« Adaptability issues point out the insufficient adjustability
of the system to accommodate all types of users.

Textbox 3. Alert design recommendations.

Azadi & Garcia-Pefialvo

«  Workload issues arise when too many tasks need to be
performed to correct errors or obtain the required
information.

In medical information systems, 2 main types of alert flaws are
commonly observed: general and specific. General alert flaws
occur when alertslack specificity or fail to distinguish between
different severity levels [44]. Specific dert flaws arise when
alerts do not adequately address individual patients' or health
care providers' unigque contexts or needs, leading to ineffective
or irrelevant notifications [95].

Alert Design Recommendations

Alert design recommendations have been addressed across the
following aspects to enhance aert effectiveness (Textbox 3).
Enhancementsin aert functionality within CDSSs can optimize
clinical workflows, ensuretimely accessto relevant information,
mitigate alert fatigue, foster user trust, and ultimately contribute
to more informed and effective clinical decision-making
processes [68].

«  Thevisual presentation of alerts can be improved by using different colors, bullet points, and clear textual guidelines[48].

«  Alertsshould be triggered at appropriate points within the clinical workflow and should align with real-world practices [50].

False alarms that can occur when the alert’slogic is flawed or not based on updated information must be avoided. In some cases, rigid sensitivity
calibrations can result in false alarms [49].

The presentation of alerts should be determined based on their level of importance; for instance, higher-priority aerts may be presented in away
that interrupts the current workflow [50].

Habituation pertains to repeated exposure to insignificant alerts. This underscores the importance of reducing the occurrence of false alarms,
along with adopting an alarm philosophy aimed at minimizing alert overrides [49].

Consistent terminology emphasizes the use of standardized and predefined words and expressions. This enhances the ability to locate specific
words or data on the screen through visual screening and promotes uniformity in the generated data irrespective of geographic location [96].

Mental models refer to an individual’s interpretation of a specific matter that influences their reaction when an alert is triggered; for instance,
the color red typically evokes an immediate association with “ STOP” [49].

The content of the alert—the reason for its activation and potential medical consequences—should be kept concise [97], with additional details
accessible through related data links [98].

Font style and size can be used to convey the importance and prioritization of the alert [51,99].

Alert visibility is a critical HCI component that should be considered in the design of aerts within the CDSS environment [52]. The dert’'s
dimensions as displayed on the screen (target size), luminosity, background contrast, and typography attributes should be carefully considered
to quickly capture the user’s attention [100,101].

The degree of workflow interruption must be proportional to the severity of the medical issuethat triggered the alert [51]. For high-priority aerts,
it may be necessary to interrupt the workflow to prompt immediate user intervention [52].

To ensure the proximity of decision-making components, decision support tools must be incorporated within the alert; for example, the alert

should include hyperlinks to medical reference websites [53].

Excessive and Unnecessary Alerts

Particularly in specific patient popul ations or under uncommon
circumstances, excessive and unnecessary alerts represent a
significant barrier to the effective use of aerts within CDSSs.
This obstacle can be resolved by grouping similar alertsinto a
single notification and tailoring aert thresholds and delivery
methods based on patient condition and clinical context [54].

Ease of Use

Ease of use was identified as a principal user concern in 19%
(8/43) of the selected papers. This element is foreseeable and

https://humanfactors.jmir.org/2025/1/e69333

represents a standard expectation among users, particularly
physicians. In this respect, systems should be designed so that
users easily understand how to operate the system. This is
referred to as perceived ease of use. A positive perceived ease
of useisassociated with anincreased intention to use (1U) [55].

The concept of consistency will augment a system’s ease of
use. It can be achieved in 2 distinct areas: jargon-free language
and consistent operative patterns. Consistent terminology and
operation acrossall system components minimize user confusion
and cognitive load, enabling users to quickly and effectively
achieve their goals [59].
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In essence, a system that is easy to use enhances learnability
because users can understand and remember operational
procedures more quickly [102].

In a CDSS environment, ease of use can significantly boost
system functionality by ensuring that health care professionals
can quickly and without complexity access and apply clinical
guidelinesand decision aids[58]. Inthisregard, akey facilitator
is automated data fetching, which streamlines the retrieval of
relevant information, minimizing complexity and allowing users
to focus on patient care [62].

Moreover, goal-directed design isauser-centered approach that
prioritizes understanding user needs and goals throughout the
design process. By engaging end users throughout the design
process, goal-directed design ensuresthat the system effectively
supports their tasks and contexts. This alignment directly
contributes to ease of use by streamlining interactions and
enhancing UX [61].

I nterface

Interface, another important HCI element, was addressed in
19% (8/43) of the selected papers, especially between 2015 and
2021. While interface design inherently encompasses various
HCI elements, the analyzed papers offer unique insights that
extend beyond the scope of other discussed elements. These
papers provide specific recommendations for interface
improvements that can significantly enhance user interaction
by optimizing system design and fostering intuitive use.

The interface of a CDSS directly influences acceptability by
determining how intuitively users can accessand act on clinical
information. When the interface aligns with users’ workflows
and preferences, it increases their willingness to adopt and use
the system effectively [63]. Despite recent advances in
computerized technologies, the defective design of graphical
Ulsinclinical settings may lead to frustration among physicians
[1Q]. In the context of CDSSs, the Ul refersto the graphical or
visual representation through which users interact with the
system to access, input, and interpret information [63]. An
effective Ul should be intuitive, user-friendly, and tailored to
health care professionals’ specific needs and workflows [64].

Via integration with EHRs, well-designed interfaces within
CDSSs can present alist of possible diagnoses associated with
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medical symptoms, the compatibility percentage of the patient’s
current medical status, and the factors contributing to the
diagnosed illness [65,103]. In addition, effective data
visualization enables quick comprehension of complex
information, promoting time efficiency by enabling health care
professionals to rapidly interpret data without the need for
extensive analysis [66].

A responsive and interaction-enabled Ul encompasses 2 distinct
features: presentation and placement. In terms of presentation,
elements such as simplicity, appropriate font size, meaningful
colors, acceptable contrast, and bold text enhance readability
and user engagement. Regarding placement, information should
occupy a prominent position, be localized for easy access, and
use multiple presentation layers to facilitate quick
comprehension. Together, these interface features facilitate the
seamlessflow of essential medical datato decision makers[67].

In the interface realm, the physical layout concept refersto the
arrangement and organization of screen objectswith which users
interact. Thislayout significantly impacts user control, allowing
health care professionals to directly manipulate the screen’s
objects (such as buttons, sliders, and forms). When users have
clear control over screen objects, they can more effectively
navigate the system, customize their workflow, and respond to
patient needs promptly, ultimately improving overall usability
and satisfaction with the CDSS [68].

There are somefacilitators and barriersrelevant to theinterface
within CDSS environments. One of them is the content-based
facilitator that enhances interface usability by presenting clear,
concise, and relevant information. In this respect, tailoring
content to meet the health care professionals specific needs
and preferences and providing real-time updates on clinical
guidelines will enhance the interface. Conversely, inconsistent
content within the data presentation and guidelines, potentially
leading to confusion and misinterpretation, has been identified
as an interface barrier [69].

One reviewed paper introduced the concept of “heuristic tags’

to enhance CDSS interface design [70]. The paper describes a
container comprising 14 HCl elements relevant to CDSS
environments, referred to as semantic tags [ 70]. These elements
areoutlined in Table 2.
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Tag Description

Consistency and standards

All system providers throughout the design must adhere to a unified protocol by maintaining consistency in termi-

nology, sequence of actions, and data localization.

Visibility of the system status

Match between system and
world

Minimalist design
Minimize memory load
Informeative feedback
Flexibility and efficiency

Users should be notified of ongoing processes via suitable alerts and feedback mechanisms.

Users' perceptions of the system should align with their mental models of how the system is expected to function.

Any unnecessary information should be eliminated because it acts as a distraction and impedes efficiency.
Users should not be required to memorize extensive information to perform routine tasks.

Users must receive informative feedback regarding their activities.

The system should provide resiliency so that users can customize settings and expedite their tasks.

Messages should provide sufficient information for users to comprehend the nature of errors, learn from mistakes,

Good error messages

and take corrective action.
Prevent errors The design should deter errors by preventing incorrect actions.
Clear closure Users must be explicitly informed when a task has been compl eted.

Reversible actions
Use user’s language
Usersin control

Help and documentation

Users should be alowed to recover from errors made by them.
The system language must be comprehensible to the targeted users.
Users should not feel in control of the system without encountering unforeseen circumstances.

The system should offer various forms of help, such as contextual assistance, mission-focused guidance, and alpha-

betically organized (lexicographically arranged) help topics for easier navigation.

Therefore, interface quality will influence the precision of
medical decisions by facilitating intuitive access to relevant
information and enhancing user interaction.

Visibility

Visibility was addressed in 7% (3/43) of the selected papers,
emphasizing that quick access to information requires data to
be readily accessible within a short time frame and ensuring
that medical data are available at expected locations. This
includesthe clear and immediate visibility of possible errorsor
system warnings, allowing usersto identify and address issues
quickly [71]. Within the treatment cycles pertinent to CDSSs,
visibility refersto the clarity and transparency of the workflow
stages and progress, meaning that health care providers can
easily track and understand the status of the treatment process,
including diagnostic tests, medication administration, and patient
outcomes [72]. In addition, by visually emphasizing critical
information such as high-risk alerts or abnormal laboratory
values through color coding, bold text, or other visual cues,
clinicians can quickly identify and prioritize important
information [73]. As visibility criteria provide a clear and
transparent view of the treatment cycle workflow, they enable

https://humanfactors.jmir.org/2025/1/e69333

users to easily monitor the progress of patient care and make
informed decisions based on the current stage of treatment,
leading to the best possible decision [73].

Simplification

Of the 43 selected papers, 2 (5%) addressed simplification
elements. Simplification can be achieved by eliminating
unnecessary complexities and providing an optimized workflow
congruent with real-world practices[104]. Removing extraneous
information and procedures is crucia for achieving this goal
[74]. Pantazi et d [75] propounded atheory describing a paradox
between simplification a medical system and its usefulness:
systemswith high usability typically can solvetrivial problems,
whereas solving intricate problems requires an appropriate level
of complexity, which can reduce overall usability.

As shown in Figure 4 [75], some CDSS applications designed
for intricate problems have complex Uls with lower usability
levels, whereas sections with simpler structures within CDSSs,
such as medical caculators, exhibit higher usability levels.
Meanwhile, system designers are striving to develop medical
Al systems that simultaneously enhance both usability and
problem-solving capacity.
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Figure 4. The relationship between system complexity and usability. Al: artificial intelligence; Ul: user interface.
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Nonetheless, while striving for complexity in medical
procedures can beinherently beneficial, itiscrucia to maintain
a balance between usability and necessary intricacy [105].
Striking this balance ensures that procedures are not
unnecessarily complex, savestime, and ultimately enablesrapid
emergency medical decision-making [106,107].

User Satisfaction

User satisfaction was discussed in 7% (3/43) of the selected
papers. Recoghized as a central focus in HCI research, user
satisfaction is paramount to the effectiveness of CDSSs. This
concept encompasses aspects such as system acceptability,
learnability, memorability, and accessibility [76].

UCD methods are essential for achieving high user satisfaction
[108]. By prioritizing the user's needs and perspectives
throughout the devel opment process, CDSSs can be tailored to
meet their specific requirements [109]. Learnability facilitates
usersin quickly understanding how to operate the system, which
enhances initial engagement [110]. Memorability ensures that
the system’sfunctions are easily recalled oncelearned, reducing
the need for repeated training [111]. Accessibility ensures that
the required medical information and history are promptly
accessible in the system [77]. Incorporating these elements
boosts overall user satisfaction, improves efficiency and
adoption, and ultimately leads to better patient outcomes in
clinical environments.

Conversely, the mismatch between meaningful-use criteriaand
physicians’ expectations represents a significant barrier to user
satisfaction within CDSSs. In these cases, the requirements set
by system designers do not align with physicians practical
needs and processes, leading to frustration and decreased
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usability. This misalignment can hinder the effective adoption
of CDSSs because physicians may find the systems cumbersome
or irrelevant to their clinical workflow. Addressing this gap is
essential for improving user satisfaction and ensuring that
CDSSséeffectively support health care professionalsin delivering
high-quality patient care [78].

Explainability

Explainability, asidentified in 2% (1/43) of the selected papers,
isacritical focusin the ongoing discourse surrounding CDSSs
and medica Al [112]. Transparency, a cornerstone of
explainability, fosters trust between the user and the system
[113]. Oncethe CDSS provides recommendations and solutions,
physicians can understand why and how the advice was
generated. Thisunderstanding augmentstheir clinical expertise
and contributes to more informed decision-making over time
[79].

Flexibility

Flexibility was articulated in 2% (1/43) of the selected papers.
This element requires significantly more attention and could be
leveraged to enhance CDSS functionality. Adjustable medical
systems typically achieve higher adoption rates, particularly
when they meet physicians’ need for flexibility [114]. In this
context, 3 diverse dimensions related to flexibility concerns
have been identified [80]: (1) user tendency to return to previous
stages to correct or modify information; (2) data entry in
multiple different sequences, and (3) customizable data
presentation.

Fexibility isacrucia attribute when designing digital pathways.
By aligning flexibility with actual clinical workloads, treatment
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routes can betailored to meet physicians' and patients' specific
needs and demands [115]. This aignment enhances medical
decision accuracy, enhances user satisfaction, and ultimately
improves patient outcomes [116].

User Control

User control was addressed in 2% (1/43) of the selected papers,
emphasizing the importance of instructions that align with
real-world workflows, aiding users in recovering from and
preventing errors. I nterfaces that are compatible with established
practices help users rectify mistakes and reduce the recurrence
of common errors, enhancing overall usability and efficiency
[81]. In this context, an important framework is the unified
theory of acceptance and use of technology (UTAUT). UTAUT
is used to predict and understand individuals' acceptance and
adoption of new technologies, integrating various factors such
as performance expectancy, effort expectancy, social influence,
and facilitating conditions. By enabling users to recover from
mistakes and easily control their interactions, systems can
enhance user satisfaction and increase the likelihood of
technology adoption, as predicted by the UTAUT model [117].

Data Entry

Dataentry wasinvestigated in 2% (1/43) of the selected papers,
with afocus on designing systems that minimize potential user
errors [82]. Structured data entry management is fundamental
in CDSSs, ensuring organized, standardized, and systematic
data input. Emerging technologies such as voice recognition
technology and natural language processing havefacilitated and
improved the data entry aspect in eHealth systems. These
advancements minimize errors and inconsistencies, ultimately
enhancing the reliability and effectiveness of CDSSs in
supporting clinical decision-making [118].

Individuality

Individuality was presented in 2% (1/43) of the selected papers.
In this area, Klumpp et al [83] discuss the HCI concept as a
theory encompassing 4 key issues that shape individuals
interactions with computerized systems. The first factor is the
identification of technology, including all technological features
applied to the system [119]. The second factor isthe assignment,
referring to a defined task where the technology used varies
depending on the satisfaction and aims of the task [120]. The
third factor is context, which can vary depending on the
geographic, corporate, or community conditions, meaning that
the recommendations should be customized according to the
geographic positionsand other loca conditions[121]. Thefourth
factor involves human dimensions, such as population
characteristics, cognitive abilities, and the attitudes of
individuals [122]. In other words, customizability should be
based on the intended populations’ approaches, attributes, and
desires. Concentrating on system individualization and
customization can enhance the accuracy of decision-makingin
CDSSs[83].

Mental Effort

Mental effort was identified as an HCI element in 2% (1/43) of
the selected papers. The Rating Scale Mental Effort (RSME),
first proposed by Militello et al [84], is designed to accurately
measure perceived mental effort during task completion. In

https://humanfactors.jmir.org/2025/1/e69333

Azadi & Garcia-Pefialvo

other words, it measures the extent to which individuals feel
they have exerted mental effort to complete atask. The RSME
can be used to gauge how effectively CDSSs aid medical
practitionerswithout overly complicating their decision-making
processes. A low RSME score indicates that the CDSS is well
integrated into clinical workflows, and CDSS functionality is
enhanced without imposing significant additional cognitive
complexity on the user [123].

Discussion

Principal Findings

While several studies have explored HCI elements in CDSS
environments, each has focused on specific aspects
independently. This has left a research gap regarding a
comprehensive analysis and categorization of these effective
elements. This study attemptsto present a scientific framework
for CDSS design by identifying HCI elements that influence
CDSSfunctionality across different dimensions. In thisrespect,
after reviewing 43 selected papers in this SLR, we identified
and stratified 12 key HCI elements, thereby distinguishing our
investigation from the selected studies, which, athough they
explored the identification and classification of HCI elements,
were experimental in nature, with a limited focus on specific,
monitored elements.

A common thread among the selected studiesis their focus on
HCI elements relevant to CDSS applications, which can
substantially influence CDSS functionality and performance.
Throughout this SLR, the categorization of studiesunder specific
HCI elements depended on the primary focus of each study.
While some studiesexplicitly investigated asingle HCI element,
others addressed multiple aspects (such as heuristic semantic
tags[70]) or offered broad recommendations. In such cases, the
main HCI concern emphasized in the study was the selection
criterion. Thisapproach ensured that each study was categorized
based on its core usability focus, maintaining consistency and
relevance in the analysis.

Throughout this SLR, the categorization of studiesunder specific
HCI elements depended on the primary focus of each study.
While some studiesexplicitly investigated asingle HCI element,
others addressed multiple aspects (such as heuristic semantic
tags[70]) or offered broad recommendations. In such cases, the
main HCI concern emphasized in the study was the selection
criterion. Thisapproach ensured that each study was categorized
based on its core usability focus, maintaining consistency and
relevance in the analysis.

The interface is considered a distinct HCI element because it
serves as the primary medium for user interaction [124].
Although it encompasses visihility, data presentation, and ease
of use, itsrole transcends these components [125,126]. Indeed,
the interface functions as the platform that enablesthe delivery
and experience of these elements, making it adistinct and critical
component of the HCI context [127]. Thisdistinction iscrucial
for CDSS environments, where theinterface must accommodate
complex clinical workflows and user needs to ensure usability
and patient safety. Hence, despite its broad scope, the interface
has been examined as an independent HCI element in some
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studies, allowing for a more focused and in-depth evaluation
of its inherent contributions to UX and decision-making in
CDSS environments [128]. Thus, we considered it a separate
HCI element in this study.

The relationship between HCI and Ul and UX design further
underscores the importance of the interface as an independent
element. While Ul focuses on the visual and interactive
components of a system (eg, buttons, menus, and layouts) and
UX encompasses the user-centered experience (including
usability, accessibility, and emotional satisfaction), theinterface
concept (within HCI) is the physical manifestation of these
principles[129,130]. AsPaneru et al [131] explain, theinterface
isavisua and interactive layer that enables users to interact
with digital products. It is the medium through which all other
HCI elements are experienced, making it a foundational
component of HCI. However, the interface al so extends beyond
traditional Ul and UX design by incorporating considerations
such asworkflow alignment, cognitive load reduction, and task
efficiency, which are central to HCI. By contrast, Motlagh and
Safaei [132] emphasized that, rather than relying solely on Ul
and UX considerations, HCI evaluation in health care systems
should prioritize error prevention, cognitive effort, and
information recall. This means that HCI elements promote
interfaces that support accurate decision-making and clinical
workflow integration.

According to SO 9241-11, usability measures how effectively,
efficiently, and satisfactorily users can achieve their goals with
asystem in aparticular context. This highlights the importance
of context and task dependency in evaluating usability because
the relevance and effectiveness of HCI elements vary across
different environmentsand user needs[133]. The HCI elements
identified in this study align with these usability dimensions
but manifest differently depending on task requirements and
system context. In frequently used systems such as EHRs in
busy hospitals, ease of use, simplification, and task efficiency
are paramount HCI elements. Clinicians using these systems
need interfaces that minimize cognitive load and streamline
workflows because even small inefficiencies can accumulate,
leading to frustration and errors. In this context, alerts must be
designed to be highly visible but nonintrusive so that they
support rather than disrupt workflow [48]. In these
circumstances, data entry mechanisms should be optimized for
speed and accuracy because frequent use requires efficiency.
Conversely, in an infrequently used system (such as a
specialized diagnostic tool used only occasionaly), HCI
elements such as explainability become more critical. Users of
such systems will need more guidance and contextual support
to navigate the interface effectively. Regarding user control and
flexibility, although these elements align with the satisfaction
component of the 1SO 9241-11 standard, their impact is also
context dependent. Experienced physicians may prefer more
flexible customization to streamline interactions, while novice
users benefit from structured interfaces with clear navigation
paths and constraints to prevent errors [80,81]. As shown in
Table 1, the identified HCI elements were categorized based
on their primary usability contributions; nevertheless, their
actual significance in improving CDSS usability depends on
the task, frequency of use, and clinical environment.

https://humanfactors.jmir.org/2025/1/e69333
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Two closely related but distinct HCI el ements—ease of useand
simplification (simplification)—play uniquerolesin enhancing
CDSS usability. Ease of use refers to the system’s ability to
provide an intuitive and seamless interaction experience,
minimizing cognitive and physical effort for users. It
encompasses aspects such as jargon avoidance, consistency of
operations, and efficient task execution, ensuring that clinicians
can navigate the system with minimal frustration [56,58-60].
By contrast, simplification focuses on reducing unnecessary
complexity within the system, such as streamlining workflows,
eliminating redundant steps, and minimizing information
overload [74,75]. While ease of useimproves UX, simplification
optimizes system design by removing obstacles and extraneous
procedures that could hinder task completion. Moreover, ease
of useisclosely tied to user satisfaction and IU. An easy-to-use
system facilitates navigation, reduces cognitive efforts, and
leads to a more positive UX, ultimately increasing |U and user
satisfaction.

This study recognized another prevalent and critical challenge
faced by CDSS designers. balancing the paradox between
system simplification and maintaining its usefulnessin solving
complex problems, even if doing so leads to increased
complexity. This balance is essential for developing systems
with high usability and appeal, ensuring that users can
effectively interact with the system without being overwhelmed
by its complexity [75]. To reach this equilibrium, designers
must adopt a user-centered approach that prioritizes the needs
and capabilities of health care professionals. This involves
continuous user testing and feedback loopsto refine theinterface
and functionality [59]. In addition, incorporating adaptive
interfaces can reduce complexity based on the user’s expertise
and the specific task to help manage this paradox, resulting in
augmented overall satisfaction and higher adoption rates [65].

This study attempted to highlight the HCI elements dedicated
to CDSSs, specifically those that address user requirements
across various dimensions such as informative notifications
[52], aesthetics[61,71], contextual facets[79], unification[70],
and psychological aspects [84]. To illuminate all HCI aspects
within CDSSs, this study also identified elementsthat represent
challengesin this domain requiring mitigation, such asexisting
HCI barriers[78], usability flaws[43], user fatigue[7], and the
phenomenon of alert override [49]. Although considering the
identified HCI aspects is crucial, the final goal is to improve
user interaction with the system, enhance ease of use, and
anticipate and fulfill user expectations. This approach fosters
user satisfaction and promotes a positive UX [74]. This focus
on users as major “players’ in the design process is now an
established principle. Hence, UCD methods are fundamental
to the devel opment of CDSSswith high levelsof user interaction
[134]. Depending on the system’s complexity and ease of use,
both user interaction with the system and data accuracy can
vary, consequently affecting the accuracy of medical
decision-making [58].

In summary, this study provides comprehensive insights into
the essential HCI elements applicablein the CDSS environment,
answering the RQs. It contributesto the field by systematically
categorizing these elements and developing a structured
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framework amed at improving usability and medical
decision-making outcomes.

Conclusions

Of the 923 papers found in 3 databases (PubMed, Scopus, and
Web of Science), 43 (4.7%) met the predefined criteria with
regard to addressing HCI elements applicable in CDSS
environments. This SLR indicatesthat attention to HCI elements
tailored to CDSSs has increased since 2015. In this study, we
identified 12 HCI elements. While elements such as “ease of
use” “interface” and “derts’ have consistently garnered
attention from experts, others such as “user satisfaction,”
“vigibility,” and “explainability” have recently received
increased focus. This SLR has answered the RQs regarding the
HCI elementsthat can affect CDSS functionality and described
how these elementsimpact CDSS performance. Moreover, the
study categorized the identified aspects according to their
context and scientific perspectives.

This study identified a gap in current research: the lack of a
comprehensive consideration of HCI elements within CDSS
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