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Background & Objective: Over the past 20 years, simulation has emerged as a key instrument
in healthcare education, first for training and more recently for performance evaluation.
However, the lack of clinical relevance and realism in traditional assessment methods has drawn
criticism. Given their increasing use and the difficulty of assessing clinical competence, this
scoping review was conducted to investigate the scope and features of Simulation-Based
Assessments (SBAs) in health professions education.

Materials & Methods: This study adhered to the Joanna Briggs Institute (JBI) scoping review
methodology. We searched Ovid MEDLINE, Scopus, Web of Science, CINAHL, APA
PsycINFO, and Embase all the way through. We also manually searched two important journals,
Clinical Simulation in Nursing and Simulation in Healthcare, for articles that were published
between 2021 and 2024 and were related to the topic. We also looked through the reference
lists of relevant reviews. After removing duplicates in EndNote X20, 49 studies that met the
criteria were included and analyzed using descriptive and thematic content analysis in Microsoft
Excel.

Results: The review pinpointed essential target demographics, applications, challenges,
benefits, drawbacks, and requisite conditions pertaining to SBAs. Out of the 49 studies
included, most were from the US and looked at specialists, emergency medicine providers, and
nurses. Three main simulation modalities were identified: human participant (e.g., standardized
patients), equipment-based simulators (both low and high-fidelity), and computer-based (virtual
reality/screen-based). The challenges primarily pertained to the study's realism, validity,
reliability, and feasibility.

Conclusion: More and more people in healthcare education are seeing simulation-based
assessments as a useful way to test clinical competence and safety. Despite its advantages, SBA
implementation faces significant challenges related to high cost and limitations in realism.
Before adding SBAs to assessment frameworks, it is important to have clear rules and plans.
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Introduction

In its most general sense, assessment involves setting
appropriate standards and applying expert judgment to
evaluate quality [1]. During a student's educational
journey, a variety of assessments are employed to
evaluate progress, skill acquisition, and professional

preparedness. Nonetheless, apprehensions regarding the
efficacy of conventional instruments, such as multiple-
choice examinations, have led educators to transition
towards more authentic and performance-oriented
assessments [2]. Numerous reviews have scrutinized
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assessment methodologies employed in both pre-
registration and post-registration health professional
education, frequently concentrating on the evaluation of
learning outcomes or clinical competencies [3-5].
Evaluating clinical competency continues to be a
complicated but necessary part of training and teaching
health professionals.

There is now more awareness of how assessments affect
learning behaviors, and more teachers are using
performance-based methods [6]. Simulation-Based
Assessment (SBA) has emerged as a promising method
to enhance authentic evaluation in clinical education.

In the early 1900s, the military and aviation industries
were the first to use simulation as a way to train and test
people.

The first flight simulator was made in 1929 [7].

Since the 1950s, simulation technologies have
undergone substantial transformations due to the
emergence of computer-based systems, facilitating their
swift integration into health professions educational
settings. Simulation seeks to replicate actual patients,
clinical situations, anatomical structures, and procedural
tasks to enhance experiential learning [8].

The increase in simulation-based education can be linked
to the development of diagnostic and therapeutic
technologies, the scarcity of clinical educators, and the
necessity to prepare for intricate or uncommon clinical
situations.

Also, the increasing focus on patient safety has made
simulation even more popular [9-11].

Because of this, health educators now widely agree that
simulation is a useful method for teaching clinical and
nonclinical skills.

Standardized Patients (SPs), anatomical models, part-
task trainers, computerized high-fidelity human patient
simulators, and virtual reality platforms are some of the
simulation modalities used in health education [12,13].
Because they maximize learning opportunities and
enhance patient safety by allowing learners to practice
clinical skills prior to actual patient encounters, these
simulation techniques are primarily utilized in
preregistration training for health professionals [14, 15].
Through staged scenarios of increasing complexity that
are customized to their proficiency levels, simulation
offers a safe and controlled environment where learners
can gradually develop clinical competencies. This is
particularly valuable because working directly with
patients for training can be expensive, time-consuming,
difficult, dangerous, and morally dubious [11, 16].

Because SBA closely resembles actual clinical practice,
it has become popular among health educators for
assessing professional and student competencies.
Previous literature reviews and systematic analyses have
investigated the application of SBAs in health
professions education. Although the advantages and uses
of SBAs have been emphasized by systematic and
narrative reviews, many of them do not fully examine or
critically evaluate the various simulation modalities and
how they affect learner outcomes [17]. Some reviews
restrict the generalizability of their findings by
concentrating only on particular occupations or
environments [18].

Furthermore, it can be difficult to compile evidence and
reach firm conclusions when terminology and
assessment frameworks used in different studies differ.
In order to properly map the available evidence and
pinpoint knowledge gaps, researchers have emphasized
the necessity of a more comprehensive and organized
review process [19].

Comprehensive studies examining the breadth and depth
of SBAs in health professions education are scarce,
despite the widespread use of simulation in health
education.

This kind of systematic review could provide insightful
information.

A scoping review is a suitable methodology for
methodically mapping the scope and depth of the current
literature on SBAs in health professions education, given
the diversity of simulation modalities and assessment
practices. Scoping reviews, in contrast to traditional
systematic reviews, are intended to clarify important
concepts, identify research gaps, and guide future
investigations [20].

They also permit a wider inclusion of study designs. In
order to overcome the shortcomings of earlier reviews
and provide educators and researchers with useful
information, this study intends to conduct a scoping
review that offers a comprehensive overview of how
SBAs are used, assessed, and reported across various
health professions.

Therefore, the purpose of this study is to investigate the
use and reach of simulation-based assessments in health
professions education.

Materials & Methods

This scoping review was conducted using the
methodological framework developed by Arksey and
O'Malley, which comprises five core stages: (1)
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identifying the research question; (2) identifying relevant
studies; (3) study selection; (4) charting the data; and (5)
collating, summarizing, and reporting the results [21].
The optional consultation stage was also incorporated.
The review was conducted and reported in line with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews
(PRISMA-ScR) checklist [22] and the Joanna Briggs
Institute (JBI) Reviewers' Manual [23].

Stage 1: Identifying the research questions
Research questions were created to guide the search and
identify relevant literature for this scoping review.

What are the target groups of SBA in health professions
education?

What are the applications of SBA in health professions
education?

What are the challenges of SBA in health professions
education?

What are the advantages of SBA in health professions
education?

What are the disadvantages of SBA in health professions
education?

What are the necessary conditions for doing SBA in
health professions education?

Stage 2: Identifying relevant studies

The following databases and search engines were used in
the review:

Ovid MEDLINE, Embase, Scopus, Web of Science
(WOS), Cumulative Index to Nursing and Allied Health
Literature (CINAHL), and APA PsycINFO. The search
strategy included studies published between 1994 and
2021 in the selected databases. In addition, two leading
journals in simulation-based education—Clinical
Simulation in Nursing and Simulation in Healthcare—
were manually searched for studies published between

Table 1. Inclusion and exclusion criteria

January 2021 and 2023 to ensure the inclusion of the
most recent developments.

The key search terms included [physician* OR
anesthesiologist* OR anesthetist? OR cardiologist* OR
dermatologist* OR endocrinologist*® OR
gastroenterologist* OR hepatologist* OR "General
Practitioner*" OR geriatrician* OR gerontologist* OR
gynecologist®* OR nephrologist* OR neurologist* OR
obstetrician* OR oncologist* OR ophthalmologist* OR
otolaryngologist* OR otologist* OR pathologist* OR
pediatrician* OR neonatologist* OR pulmonologist* OR
radiologist* OR rheumatologist* OR surgeon* OR
urologist* OR nurse* OR paramedic* OR anatomist*
OR audiologist* OR dentist¥* OR pharmacist¥*] AND
[simulation OR simulator®* OR "virtual reality" OR
"augmented reality” OR "mixed reality" OR manikin*
OR mannequin*] AND [assess].

All database searches were carried out by a
knowledgeable librarian, who also managed the review's
records and data. Supplementary 1 outlines the search
strategy. Our review specifically targeted practicing
health professionals rather than students or trainees;
therefore, we did not include terms like "resident,"
"intern," or "medical education." Our keyword selection
was aligned with this focus to ensure relevance to the
intended population.

Stage 3: Study selection

All studies were imported into EndNote X20, and
duplicates were removed. Two independent reviewers
screened titles, abstracts, and papers based on
inclusion/exclusion criteria.

A third reviewer resolved discrepancies. Additional
papers were found through reference list analysis. A
PRISMA flow diagram [22] (Figure 1) illustrates the
complete article selection procedure. Table 1 lists
inclusion and exclusion criteria.

Inclusion criteria

Exclusion criteria

~From the beginning of 1994 until January of 2023

-All SBAs in the health profession

- All research designs except reviews

-Original research, editorials, conference papers, reports, and theses

~In all countries and ethnic groups

- Studies from all countries were included, with no restrictions on the
ethnic groups of the study populations

-The full text of the article is available

Outside the mentioned period
Review articles and books
Non-health profession education

Lack of access to the full text of the article

Abbreviations: SBAs, simulation-based assessments.
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Figure 1. PRISMA Flow-diagram of the included studies in the review

Stage 4: Charting the data

Data were extracted and analyzed descriptively and
thematically using Microsoft Excel. Data extraction was
performed independently by two researchers using the
JBI-recommended methodology [23] to minimize bias.
Based on the study team's agreement, a data extraction
tool [21] was made to capture the essential details about
the source and conclusions relevant to the review
questions. To calibrate the process and ensure
consistency, two authors independently piloted the data
extraction tool on the first five included studies. Their
results were then compared, and any discrepancies were
discussed to refine the tool and methodology before
proceeding with the full data extraction. For each of the
included papers, we collected the title, authors, year, type
of publication, location of studies, study population, study
design, publication type, simulation method, challenges,
advantages, disadvantages, application, and useful tips for
simulation (Supplementary 2). Finally, a total of 49
retrieved papers were determined to be relevant to the
review questions.

Stage 5: Collating, summarizing, and

reporting results
A descriptive technique was used to collate, summarize,
and categorize the literature. The framework's fifth and

final step involved analyzing the results and reporting the
findings, thereby addressing the scoping review's six
research questions. In accordance with the JBI
methodology for scoping reviews, no formal risk-of-bias
assessment was conducted.

Results

There are two sections to the results presentation. First, a
descriptive-narrative summary and overview of the
included studies are presented (Supplementary 3). The
six predetermined research questions are then used to
organize and report the findings. The challenges identified
were not included in the tabulated summary due to their
interpretive and narrative nature; however, they are fully
described in the relevant section of the text.

Descriptive summary of the included studies

This review included 49 studies in total. The included
studies were released from 2000 to 2023. Seven studies
(14.3%) came from Canada, followed by Australia (5
studies; 10.2%), and the United Kingdom (5 studies;
10.2%, which includes one study from Scotland).
Denmark and the Netherlands contributed two studies
each (4.1%). Single studies (2%) originated from
Switzerland and Finland. Medical specialists (22 studies;
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44.9%) and nurses (9 studies; 18.4%) were the most
frequently targeted groups. When categorized by clinical
discipline, the largest proportions of studies targeted
anesthesiology groups (12 studies; 24.5%), emergency
medicine groups (12 studies; 24.5%), and surgical
specialists (10 studies; 20.4%). Specialists in different
medical specialties (22 studies; 9.44%) and nurses (9
studies; 18.4%) were the target groups for these studies.

The type of simulation methods used for SBAs

in health professions education

We classified the simulation techniques into three groups:
Human participant: These comprise the use of cadavers
[25], SPs [24, 25, 26], and simulated clinical
environments [i.e., theater] [27] that use real or simulated
humans as patients or actors.

Equipment-based simulators: anatomical models, APS
[23], high fidelity manikins and synthetic models [25, 27],
animal tissues and models [27, 28], bronchoscopy [29],
colonoscopy [30], and transesophageal echocardiography
simulators [31] are examples of simulators that use
physical models or devices to replicate human or animal
anatomy and physiology.

Computer-based simulators: These simulators generate
virtual or enhanced environments using computer
hardware or software.

Virtual OSCEs and virtual clinical stations [25],
NeuroTouch, Cisro endoscopy, the Mimic™ Flex Virtual
Reality (Mimic™ Flex VR) [28, 29], EyeSi [33], and
virtual-reality (VR) EBUS simulator test [34] are a few
examples.

Target groups examined in SBAs of HPE

The target groups assessed by SBA studies in HPE were
categorized into three major categories:

Medical specialists: This category includes both
specialist physicians (e.g., surgeons, cardiologists) [29—
43] and primary care physicians/family physicians [35,
40, 44].

Emergency-based groups:_These include Pre-Hospital
Care Providers (PHPs) [45], emergency medicine
personnel [25, 46], medical emergency technicians and
paramedics [48], and intensive care providers [51].
Nursing and allied health professions: This group
included nurses [24, 47-52], respiratory therapists [53],
and pharmacy personnel [54, 55].

Applications of SBA methods in HPE
The applications of SBA methods in HPE can be grouped
into four key domains:

Assessing integrated clinical competence: SBA
methods are used to assess the competence, knowledge,
performance, and performance sequence of health
professionals in different domains and specialties [49, 56,
58-72]. SBA methods can also evaluate clinical judgment
and diagnostic power [56, 60, 62, 65], critical thinking
[60], and the technique of obtaining case histories by
health professionals [73].

Evaluating skills and abilities: SBA methods are used to
assess the technical and non-technical skills and abilities
of health professionals, such as procedural skills, clinical
skills, teamwork skills, leadership skills, interpersonal
skills, patient counseling and guidance abilities, clinical
reasoning and decision-making skills, and communication
and remote patient management skills [42, 45, 56, 60, 61,
63, 65, 69, 72, 75, 76-81]. SBA methods can also assess
deeply reflective and contemplative thinking skills [62],
management of uncommon findings and rare cases [62,
85], examination skills for sensitive organs [62, 82],
teamwork and interaction skills [62, 65, 72, 83, 84],
leadership skills in emergencies [62], and risk
management and preparedness in disasters and crises of
health professionals [69].

Measuring formative and summative aspects: SBA
supports high-stakes decisions such as board certification
and licensing [21, 37, 39, 43, 86-88]. It also facilitates
evaluation across Miller's pyramid levels [89].
Examining curriculum components: SBA is used to
assess educational constructs not easily measured by
traditional methods, such as ethics, professionalism, and
humanism [37].

Challenges of SBA's methods in HPE

Challenges related to SBA were grouped into four
categories:

Realism: Issues included limited psychological fidelity,
difficulty generalizing to real-world settings, scenario
complexity, and inability to simulate specific human
characteristics [41, 58, 60].

Validity: Challenges involved defining and measuring
competencies, limited assessment scope, a lack of
validated tools, and questions about the high-stakes
suitability [41, 56, 59, 60, 62].

Reliability: These included inconsistent scoring, scenario
variability, sampling issues, and rater-related errors [60,
64-67].

Feasibility: Practical issues, such as high cost, lack of
simulation culture, complexity in design, ethical concerns,
and stakeholder coordination, were noted [41, 56, 61, 63,
65].
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Advantages of SBA's methods in HPE

Advantages were grouped into four domains:
Quality-related advantages: These are advantages that
relate to the accuracy, reliability, and validity of the SBA
methods, such as high sensitivity, high specificity [20],
high validity [26, 27, 29, 30, 42, 47, 53-55], objectivity
of assessment [27, 56], structured assessment high
reliability [63], and correlation between simulator and in
real performance environment [42, 57].
Learning-related advantages: These are advantages
that relate to the satisfaction, motivation, and
improvement of the learners and the test takers, such as
the satisfaction of learners and test takers [39, 53, 54, 58],
reduction of learner and test-taker anxiety [25, 27, 28, 47,
59], complementarity of learning and testing [25, 27],
provision of feedback [28, 32, 60, 61], increased interest
in simulation [31], and ethical superiority [35, 60].
Realism-related advantages: These are advantages that
relate to the similarity, authenticity, and applicability of
the SBA methods to the real environment and conditions,
such as similarity to the real environment [28, 40, 62],
reduction of patient harm [28, 29, 31, 32, 35, 60, 61, 63],
usefulness emergency conditions [23], case diversity

Disadvantages of SBA's methods in HPE

Our findings indicate that SBAs in HPE face three types
of disadvantages, categorized by their type and severity.
They are:

Major criticisms: These represent the most significant
barriers to the widespread adoption and credibility of
SBAs. They include fundamental psychometric
concerns, such as limited evidence for validity [64] and
fidelity issues (e.g., lack of realism) [63], as well as
major practical constraints like high cost [28, 44, 59, 63,
64].

Moderate criticisms: These issues pose notable
challenges to implementation and learner experience.
They include inducing anxiety in some users [25],
logistical concerns such as equipment disposal [28], and
limitations in assessing complex or integrated skill sets
[65].

Minor criticisms: These are the least important or
relevant problems that may arise from SBAs. They
include sampling errors and other factors that may vary
depending on the context, design, or method of SBAs
[25].

[59], and replicability of simulation [58].

Equity-related advantages: These are advantages that
relate to the fairness, diversity, and accessibility of the
SBA methods for different groups and contexts, such as

the reduction of disparities in assessment [58].

Necessary conditions for using SBAs in HPE
The necessary conditions for effective SBA were
structured across four key dimensions: (1) Inputs, (2)
Processes, (3) Outputs, and (4) Outcomes. These are
summarized in Table 2, and visually represented in
Figure 2.

Table 2. Categories of the necessary conditions for using SBA in HPE

Aspect

Factor

Summary of findings

Design

Implementation

Input

Output

Test objectives [23, 37]
Performance standards [41]
Validity [65]

Reliability [23, 24, 41, 65]

Assessment of examinees and standardized
patients [23, 45]

Criterion fidelity (real-world similarity) testing
[23, 56]

Video recording of examinations [25]
Expert opinions on assessment [41]
Feedback [23, 24, 41]

Curriculum changes when using SBA [57]
Timing of the assessment [52]

Cost of assessment [52, 59]

Different simulation methods and techniques
[24]

The Application of SBA Technique [24]

Test objectives should be clearly defined and reviewed by a panel of peers or external experts.
Evidence can be used to identify objectives, competencies, and skills.

Performance standards should be specified and agreed upon by assessors. Assessment checklists
should be used to ensure consistency and accuracy.

Validity of assessment tools should be measured using frameworks such as Messick’s
framework of validity theory.

Reliability of assessment can be enhanced by increasing the number of cases, using blind
assessors, and standardizing and training assessors.

Examinees and standardized patients should be trained before the assessment. Prior practice in
a simulated testing environment can increase comfort and decrease anxiety for examinees.
Fidelity is a complex phenomenon that includes physical and psychological aspects. Reliable
equipment enhances fidelity testing.

Video recording of examinations using high-powered fiber-optic cameras and microphones is
essential for performance assessment.

Experts and knowledgeable sources should be involved in administering assessments. Physicians
and faculty members are recommended for validating assessment tools and identifying test cases.
Feedback is necessary for evaluating the assessment method and providing guidance for
improvement.

An appropriate curriculum for SBA should be designed, considering the field and level of test
takers.

Ample time should be allowed for test takers to complete assessments.

SBA is an expensive method that requires careful financial planning and institutional support.
Cost-effectiveness of this method should be considered.

Different simulation methods have specific conditions and advantages. Artificial models and
animal tissues can be used for invasive procedures, while electronic simulation can evaluate
knowledge and competency.

Simulations used for competence assessment should strive for a high degree of fidelity, and their
results should be interpreted carefully. Performance criteria can be identified using evidence.

Abbreviations: SBA, simulation-based assessments; HPE, Health Profession Education.
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Discussion

By examining 49 pertinent studies, this review adds to
the body of knowledge already available on simulation-
based assessment in health professions education. It
provides information on a number of aspects of the
subject, such as target audiences, applications,
simulation techniques, benefits, drawbacks, and the
prerequisites for successful execution.

Our findings demonstrate that a range of simulation
modalities are employed for assessment purposes in
HPE. Standardized patient simulations and new
computer-based simulation techniques are frequently
used to assess competencies across a range of skills. A
key advantage of these techniques, as identified in the
literature, is the capacity for immediate feedback,
alongside strong reported evidence of validity and a high
degree of patient safety. Cost is still a common
restriction, though. SBAs offer different degrees of
fidelity and feedback and are versatile enough to
accommodate a wide range of simulation modalities and
technologies. These results are in line with Ryall et al.'s
research, which highlighted how useful SBA is when
paired with additional tools and a variety of simulation

scenarios [2]. SBAs, which cover a range of target groups
across various disciplines and specialties, are extensively
used and researched in health professions education.
Three primary target groups were identified: physician
groups (including specialists and family physicians) [29—
44], emergency and critical care providers [25, 45, 46,
48, 51], and nursing & allied health professionals [24, 47,
49, 50, 52-55]. Similar classifications have been
reported in a number of studies [2, 65], underscoring the
flexibility and applicability of SBAs to the varied
learning goals and needs of health professionals at
different phases of their careers. Our research indicates
that SBA methods are used in health professions
education for a number of purposes, such as evaluating
skills and abilities [42, 45, 56, 60, 61, 63, 65, 69, 72, 75—
81], assessing performance and competence [49, 56, 58—
72], measuring formative and summative outcomes [37,
39, 43, 86—88], and analyzing curriculum components
[37]. These approaches are adaptable and can be used to
address a variety of learning objectives and results.
Nonetheless, there are still issues with SBA practice and
literature. A lack of clarity and consistency in SBA
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definitions and classifications persists, and many studies
highlight the

ongoing challenge of establishing strong validity and
reliability evidence for these assessment techniques [65].
Additionally, SBA techniques aren't always properly
incorporated into or matched with clinical settings and
curricula [2]. According to Boulet et al. [59], it's critical
to specify the assessment's goal and the particular
competencies that will be assessed. These should be in
line with the test taker's level and the assessment type.
In professional health education, it is crucial to evaluate
a wide range of competencies, such as management,
diagnosis, treatment, and teamwork. Therefore, for SBA
to be effective, it must be designed to integrate the
assessment of multiple integrated competencies,
including knowledge, clinical reasoning, judgment, and
communication skills [23, 27-31, 36, 39, 42, 43, 45, 52,
56-58, 60, 64, 65]. The necessity of striking a balance
between the evaluation of competencies and specialized
skills and the inherent limitations of simulators and
assessment formats is highlighted by Alsulimani's study
on high-fidelity SBA in emergency medicine. According
to the study's findings, SBA shouldn't be the only
evaluation technique used [65]. In a similar vein, other
researchers also advise combining SBA with additional
assessment methods, especially in formative and
summative settings [39, 43, 86—88].

Creating tests that are appropriate for staff and specialist
levels is another prerequisite for successful simulation-
based assessment [25, 37, 61, 65]. According to Ennen et
al. [44], teamwork scenarios should be more complex
than those created for individual assessments, and they
support the creation of simulation-based curricula that
take into account the learner's field and skill level. In
addition to suggesting that learners be assessed in a
clinical setting using SBA in conjunction with other
assessment techniques, Rizzolo et al. [52] suggest
updating the curriculum to guarantee contextual and
conceptual alignment with simulation activities.
Particularly in the areas of realism, validity, reliability,
and feasibility, this review highlights significant
obstacles and constraints in the application of SBAs in
health professions education. These difficulties draw
attention to the intricacy and unpredictability of SBAs as
an evaluation technique, highlighting the necessity for
more study and improvement. They also offer chances
and practical suggestions for furthering SBA practice
and research in the future.

Future efforts should focus on three key areas: (1)
adopting more sophisticated simulators to enhance

fidelity [65], (2) implementing rigorous design and
evaluation frameworks to strengthen wvalidity and
reliability [66], and (3) utilizing resources more
effectively to improve cost-efficiency [67].

The benefits of SBAs are numerous, including those
related to quality [23, 26, 27, 29, 30, 38, 42, 47, 52-55,
63], learning [21, 23, 24, 35, 43, 49, 50, 54], realism [24,
25, 27, 28, 31, 56, 57, 59], and equity [58]. These
advantages show how useful SBAs are for assessing
medical professionals. The effectiveness of SBAs,
however, is moderated by several key variables. These
include factors such as scenario quality, staff training, the
quality of evaluation tools, and the alignment of the
simulation with curriculum and practice [65]. Other
influencing factors include the expectations of
instructors and learners, the degree of realism achieved,
the effectiveness of communication, and consideration of
relevant ethical and legal issues [66]. Additionally, Ryall
and colleagues [2] and Kononowicz and colleagues [67]
discovered that SBAs and virtual patient simulations can
enhance health professionals' learning outcomes.

As identified in our results, SBA methods face a range of
disadvantages, from major limitations to more contextual
challenges. These drawbacks present significant
challenges to the optimal implementation and scalability
of SBA. They do, however, also present opportunities for
further study and application. Using inexpensive
simulators and internet resources is one way to cut
expenses [65]. To reduce anxiety and increase
confidence, it is also advised to use formative and
supportive SBA techniques, such as feedback, peer
evaluation, and self-assessment [66]. A  third
recommendation is to use advanced and realistic
simulators, such as virtual reality, augmented reality, and
artificial intelligence, to improve the realism and validity
of SBA methods [67]. In their discussion of the benefits
and drawbacks of simulation education, Maloney and
Haines emphasized the necessity of conducting
economic analyses [68]. Simulation-based evaluation
requires a lot of resources and works best with
personalized formative feedback, according to Sinz et al.
[69]. The SBA assessment method is costly and demands
investor attention, according to Boulet et al. [63], and
Rizzolo et al. also stress the importance of taking the
method's cost-effectiveness into account [52].

In HPE, four primary facets of SBA were found to
establish its prerequisites. In HPE, the planning and
preparation of the SBA methods is referred to as the
design aspect of SBA. The implementation facet
involves the execution of the assessment, including
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administration, logistics, and data collection (e.g., video
recording, timing). The terms input and output,
respectively, refer to various simulation approaches and
strategies as well as the use of the SBA technique. These
elements are necessary to guarantee the SBA methods'
quality and legitimacy as well as to match them with the
desired learning objectives and proficiencies of medical
professionals. A critical part of the design is establishing
well-defined test objectives, which should be evidence-
based and peer-evaluated to ensure they reflect necessary
competencies and skills. This result is consistent with the
body of research suggesting that test objectives should be
based on the curriculum's educational goals and
objectives and should cover the important and relevant
knowledge, abilities, and attitudes of the health
profession [65].

To ensure consistency and accuracy, evaluators must
establish and agree upon performance standards and use
checklists. Henrico & Makkink found that using
checklists improved the validity and reliability of a
simulation-based test for anesthesia residents and helped
students get feedback and corrective actions [66].

Key strategies to improve reliability include increasing
the number of cases, using blind assessors, allowing
adequate time for assessment, and standardizing and
training assessors [52]. Additionally, according to Boulet
et al., proper time management can improve assessment
reliability [63]. Synthesize these into a coherent
argument.

"To ensure and enhance validity, the literature
emphasizes the development of high-quality scenarios
through expert consensus and peer review [25, 44, 59,
60]. The involvement of well-trained standardized
patients (SPs) and a focus on strong content validity are
also critical factors [30, 34, 62, 64—67]. Peer review and
the establishment of standards are necessary to preserve
validity.

Scenario expert opinions are required [25, 44]. The role
of simulator fidelity in validity is complex. While some
experts advocate for high-fidelity simulators as a
prerequisite for valid assessment [53, 68], other evidence
suggests that low-fidelity simulations can effectively
assess certain competencies, particularly for experts or
when specific skills are targeted [29, 32]. This indicates
that the required level of fidelity is context-dependent
and should be matched to the specific learning or
assessment objective.

The field of simulation-based assessment is changing as
a result of the quick development of technologies like
machine learning, augmented reality, and artificial

intelligence. =~ Beyond  conventional  simulation
modalities, these tools allow for data-rich, customized,
and adaptive assessments. Promising approaches for
enhancing formative and summative evaluations in real-
time clinical settings include Al-driven feedback
systems, AR-enhanced procedure trainers, and predictive
analytics dashboards.

Significant gaps still exist in the application of SBA
across a range of disciplines, despite its widespread
recognition as a useful strategy in health professions
education. Notably, there aren't many studies that
concentrate on medical physicists, radiologists, radiation
therapists, and operating room assistants. A significant
research gap was highlighted by the SBA's failure to
identify any studies specifically for healthcare
professionals in Iran.

Additionally, this scoping review ran into a number of
issues. Furthermore, research published in languages
other than English and Persian, inaccessible, or
incomplete was not included.

In addition, research published in languages other than
English and Persian, inaccessible, or incomplete was not
included.

Future studies ought to focus on topics like the validity
and dependability of SBA tools, the function of
remediation and feedback, and the wider effects and
ramifications of  simulation-based  assessments.
According to models like Miller's Pyramid, competency-
based education frameworks place a strong emphasis on
evaluating clinical performance at increasingly higher
levels of expertise. These priorities are in line with these
frameworks.

Innovation in assessment frameworks and simulation
technologies will be crucial as the field develops. Future
research should use strict methodological designs and
concentrate on creating, assessing, and sharing efficient
SBA techniques suited to various health professions in
order to make significant strides.

Conclusion

In health professions education, SBAs have the potential
to revolutionize the way clinical competency, technical
proficiency, and patient safety are evaluated. Their
special ability to offer safe, controlled, and authentic
settings for evaluating complex competencies—like
crisis management and diagnostic reasoning—that
frequently elude conventional evaluation techniques is
highlighted by this scoping review.

Significant obstacles still stand in the way of their
widespread adoption, despite this promise.
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High implementation costs, inconsistent realism among
simulation modalities, and unanswered questions about
their validity and dependability in high-stakes situations
are a few of these. A strategic approach is necessary to
fully utilize SBAs. To guarantee uniformity and equity,
educators and organizations must create standardized
standards for scenario design, scoring criteria, and rater
training. Accessibility can also be increased by giving
priority to affordable solutions like virtual reality
platforms or blended simulations.

Importantly, SBAs ought to be incorporated into
comprehensive assessment frameworks as
supplementary instruments rather than as substitutes.
Future studies should concentrate on verifying SBA
metrics in a variety of medical specialties, investigating
how Al can improve simulations, and assessing how
these evaluations affect real clinical outcomes over the
long run.
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