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Abstract

Background

The Objective Structured Clinical Examination (OSCE) is a widely used assessment
method often associated with high levels of student anxiety and significant logisti-
cal demands, including time and professional resources. This study evaluated the
impact of a peer-led mock OSCE intervention—wherein students conceptualized and
administered the mock assessment—on anxiety levels and subsequent performance
in summative OSCE.

Methods

Intervention: At the end of 2023, 28 third-year medical students taking the summative
OSCE for the first time were randomized to participate in a peer-led mock OSCE,
taking on roles as station designers, examiners, and examinees. An additional 39 stu-
dents formed the control group, who did not participate in the intervention. Endpoints:
Primary endpoint was state anxiety levels assessed with the State-Trait Anxiety
Inventory (STAI); summative OSCE performance scores were a secondary endpoint.

Results

Students in the mock OSCE group demonstrated significantly lower state anxiety lev-
els (54.80+ 13.40) than the control group (63.56+12.20, p=0.009, Cohen's d=0.692,
mean difference =8.79 points, 95% ClI [2.25, 15.3]). Summative OSCE scores

were numerically higher in the intervention group (8.60+0.63) compared to control
(8.30+0.85, p=0.055, r=0.271, 95% CI [-0.000019, 0.600]), showing a favorable
directional trend.
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Conclusion

Participation in a peer-led mock OSCE significantly reduced state anxiety levels and
may improve summative OSCE scores. This intervention may represent a valuable
strategy to enhance both academic outcomes and student well-being in high-stakes
medical assessments.

Introduction

The Objective Structured Clinical Examination (OSCE), introduced by Harden et al. in
1975 [1], has become one of the most effective methods for assessing clinical skills
in medicine [2], residency programs, and other health science fields such as nursing,
pharmacy, and physiotherapy [3—4].

While OSCE is often used for summative assessments, it is also a powerful tool for
formative purposes [5—6], providing immediate feedback [7]. However, its use in for-
mative assessments is often limited by the high costs associated with its implementa-
tion [8-9]. Administering an OSCE requires significant time and personnel, including
both examiners and simulated patients [10]. These logistical and financial constraints
hinder the routine use of OSCE as a formative tool throughout the semesters.

An alternative to these limitations is engaging volunteer students as simulated
patients and even as examiners [11]. Young et al. described an initiative in which
senior medical students organized an OSCE for their junior peers, an approach that
was well received by participants [12]. Since then, many other authors have pub-
lished similar experiences.

Another widely recognized challenge of OSCE is its potential to induce stress
and anxiety in students [13]. To address this, various strategies have been proposed
[14—15], including student-led initiatives in organizing mock OSCEs, which have
shown promise in reducing anxiety and improving preparedness [16—17]. However,
this strategy does not appear to improve performance in exams [18].

Despite numerous studies involving students in the organization of both sum-
mative and mock OSCEs, few have specifically evaluated students from the same
cohort, focusing on outcomes such as performance and anxiety levels.

Therefore, this study aimed to investigate the impact of a peer-led mock OSCE on
students’ anxiety and their performance in the summative OSCE.

Methods
Ethical approval

Prior to volunteer recruitment, the Municipal University of Sdo Caetano do Sul ethics com-
mittee approved the study (CAAE: 63711722.6.0000.5510). Every student gave written
consent to their participation, data collection and anonymous publication of the results.

OSCE

In Brazil, medical school lasts six years, and many universities have incorporated the
OSCE as a clinical skills assessment tool in both clinical and pre-clinical courses. At
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the Municipal University of Sdo Caetano do Sul, medical students take the OSCE for the first time at the end of the fifth
semester in a course called Medical Skills. The exam consists of five stations, each lasting six minutes and comprising
one to three tasks. Each station has a professor as an examiner and, depending on the scenario, may include a simulated
patient or a mannequin for procedural tasks.

Students receive a list of ten possible themes four weeks before the summative OSCE. All themes are covered during
the semester through lectures, problem-based learning (PBL) activities, and realistic simulation or activities with standard-
ized patients. PBL and simulation sessions are facilitated by experienced tutors responsible for the creation, organization,
and administration of the OSCE, under the supervision of the Medical Skills course coordinator.

Study design

A prospective, randomized, controlled, and non-blinded study was conducted to evaluate whether participation in a
student-led mock OSCE reduces anxiety and enhances performance in the summative OSCE. Two study groups were
formed after randomization: intervention and control.

All 5th-semester medical students were invited to participate via institutional email and a messaging platform. The
recruitment period lasted from October 16 to November 16, 2023. After compiling the final list of volunteers, simple
randomization was performed using Microsoft Excel (version 2507). Each student was assigned a random number, and
participants were then ordered accordingly and allocated alternately into the intervention or control group. No stratification
was used to balance demographic or academic characteristics.

A total of 35 students were assigned to the intervention group, with 15 designated as station creators and examiners,
and 20 as examinees. The remaining students were allocated to the control group.

Endpoints

Anxiety levels, measured using the State-Trait Anxiety Inventory (STAI) state subscale, were defined as the primary end-
point of the study.
The secondary endpoint was performance on the summative OSCE, assessed by the final exam score.

Intervention

The intervention group was divided into two subgroups: examiners and examinees. One week before the summative
OSCE, a preliminary meeting was held with the examiners’ subgroup to develop five OSCE stations under the supervision
of a professor. The supervising faculty member served to provide foundational exam guidance, allocate station topics ran-
domly, and rectify content-specific inaccuracies. However, the professor did not modify the station structure—only inaccu-
racies in medical knowledge. Participants were free to use their own knowledge, books, journals, and online resources to
design their stations.

A few days later, the examiners’ subgroup assessed the examinees’ subgroup in the mock OSCE. The control group
consisted of students randomized to this group and those unable to participate in the mock OSCE due to academic sched-
uling conflicts. Finally, all students took part in the summative OSCE.

An online course was provided to all students and professors, covering key aspects of OSCE, including historical back-
ground, clinical skills assessment methods, station and checklist design, and exam organization.

Summative OSCE and data collection

One week after the intervention, the summative OSCE was conducted. It consisted of five stations, each lasting six min-
utes, covering the topics described in Table 1. Each station had a checklist scored from 0 to 10, completed by a faculty
member. None of the faculty members involved in the summative OSCE had participated in or had prior knowledge of the
stations from the simulated OSCE. The final OSCE score was calculated as the arithmetic mean of all station scores.
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Table 1. Themes and clinical skills assessed in the mock and summative OSCE.

OSCE Theme Skills

Summative

Station 1 Abdominal pain History taking, physical examination, clinical reasoning
Station 2 Low back pain History taking, physical examination

Station 3 Ascites History taking, physical examination

Station 4 Pleural Effusion Physical examination, imaging interpretation
Station 5 LGBTQIA+ health History taking, communication

Mock

Station 1 Low back pain History taking, physical examination

Station 2 Heart Failure History taking, physical examination

Station 3 Trigeminal Neuralgia History taking, physical examination

Station 4 Pleural Effusion Physical examination, communication
Station 5 LGBTQIA+ health History taking, communication

OSCE =0Objective Structured Clinical Exam. LGBTQIA+=lesbian, gay, bisexual, transgender, queer/ques-
tioning, intersex, asexual, and other identities not included in the acronym.

https://doi.org/10.1371/journal.pone.0340407.t001

During the official OSCE, all students included in the study completed the state anxiety questionnaire from the STAI
immediately after finishing the last station.

The State-Trait Anxiety Inventory, developed by Spielberger in 1970 [19], is a validated tool for assessing anxiety and
consists of two subscales: state anxiety (STAI-S) and trait anxiety (STAI-T), each comprising 20 items. State anxiety is
a transient emotional response directly related to a specific stressor, such as an examination [20]. In this study, only the
state anxiety subscale was used. Each item is scored on a four-point Likert scale (“Not at all,” “Sometimes,” “Usually,” and
“Very much so0”), generating a total score ranging from 20 to 80, with higher scores indicating greater anxiety levels.

Finally, to assess whether potential differences in performance on the summative exam could reflect selection bias, the
grades from all other courses taken during the same semester as the intervention were collected, and a global average was
calculated, referred to as “academic score” in this study. For this calculation, data from the Medical Skills course were excluded.

Statistics

For statistical analysis, BioEstat 5.3 and Jamovi 2.6.44 software were used, with a significance level of p<0.05. Normality
was assessed using the Shapiro-Wilk and D’Agostino tests. The Student’s t-test was used to compare means, while the
Mann-Whitney U test was applied for non-parametric data. Correlations were analyzed using Pearson or Spearman tests,
depending on data distribution.

The sample size calculation was based on state anxiety as the primary endpoint, considering a 10-point difference in
STAI scores as clinically relevant. A pilot study conducted with a previous cohort of 65 fifth-semester students revealed a
mean STAIl score of 59.8 and a standard deviation of 12.83. Using these values, and assuming a two-tailed test, a signif-
icance level (a) of 0.05, and 80% power (1—3), the required sample size was determined to be 27 participants per group.
To account for an estimated 10% dropout rate, we increased the target sample size to 30 students per group.

All relevant data are within the paper and its Supporting Information files.

Results
Mock OSCE (peer-led)

The participants randomized to design the mock OSCE (n=12) devoted four hours to developing the exam. First, pairs or
small groups (two to three students) were assigned a station theme and developed the scenario and checklist based on

PLOS One | https://doi.org/10.1371/journal.pone.0340407 February 12, 2026 4/ 11



https://doi.org/10.1371/journal.pone.0340407.t001

PLO\Sﬁ\\.- One

objectives determined by themselves. Once all stations were created, the students reconvened to review and refine the
scenarios and checklists. The professor ensured time management and corrected conceptual errors without altering the
structure of the stations.
Two days later, the students who designed the mock OSCE acted as examiners for their peers (examinees, n=16).
Each station lasted six minutes, followed by one additional minute for immediate feedback. Table 1 summarizes the sta-
tion themes, and the clinical skills assessed.

Population

All 67 fifth-semester students volunteered and were eligible for this study. After randomization, 35 volunteers were

assigned to the intervention group. However, 7 students were unable to participate in the mock OSCE due to academic

scheduling conflicts and were subsequently incorporated into the control group (Fig 1).
For OSCE performance analysis, data from all students was available. However, for state anxiety analysis, 5 students

were excluded due to incomplete STAI form submissions.

Table 2 presents the demographic characteristics of the study population. The mean age was 26.46 years, and females

predominated in the cohort (80.6%), comprising 89% of the intervention group and 74% of the control group.

67 eligible
students

35 students
randomized to
intervention group

28 studentsin the
intervention group

7 students

excluded due to

scheduling
conflicts

Fig 1. Flow chart. Distribution of students after randomization.

39 studentsinthe
control group

https://doi.org/10.1371/journal.pone.0340407.9001

Table 2. Characteristics of study participants.

Group n Age gender academic score
(years) (%) (mean*SD)
Control 39 23.36 female, 74% 7.78+0.63
Intervention 28 23.60 female, 89% 7.86+0.56
Examinator 12 24.25 female, 100% 7.99+0.60
Examinee 16 23.13 female, 81% 7.77+0.52

Demographic characteristics of study participants. The control group included 39 students, while the intervention group included 28 students, subdivided
into 12 examiners and 16 examinees. Variables presented are age (years), gender (percentage of females), and academic score (mean+SD). SD =stan-

dard deviation.

https://doi.org/10.1371/journal.pone.0340407.t002
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State anxiety

The primary endpoint of the study was state anxiety. As shown in Fig 2, students in the intervention group had signifi-
cantly lower state anxiety levels (54.8+13.40, mean = standard deviation) compared to the control group (63.56 £ 12.20,
p=0.009; mean difference=8.79, 95% CI [2.25, 15.3], Cohen's d =0.692). Subgroup analysis further confirmed this differ-
ence, with both examiners (55.55+13.49, p=0.035) and examinees (54.20+13.70, p=0.01) exhibiting lower state anxiety
levels than the control group. However, no significant differences were found between examiners and examinees within
the intervention group. Additionally, as illustrated in Fig 3, there was no significant correlation between state anxiety and
OSCE performance (Spearman’s correlation, rs=-0.18, p=0.17).

OSCE performance

Regarding student performance in the summative OSCE (Fig 4), the intervention group achieved higher scores
(8.60+0.80, median £ IQR) compared to the control group (8.30 +0.90). Although the Mann-Whitney U test did not reach
conventional statistical significance under a two-tailed assumption (U=395, p=0.055), there was a non-significant trend
favoring the intervention group. The median difference was 0.30 points (95% CI [-0.000019, 0.600]), and a small effect
size was observed (Rosenthal’'s r=0.277). Subgroup analysis revealed no differences between examiners and examin-
ees; however, examiners (8.65+0.48) performed significantly better than the control group (p=0.006).

Table 3 provides detailed subgroup analysis and the performance of each group across individual OSCE stations. In
Station 1, the examiner subgroup outperformed the control group (9.25+0.63 vs. 9.00+ 1.25; p=0.01). For Station 5, the
intervention group (10+1.00) scored higher than the control group (9.00+2.00; p=0.033). No significant differences were
observed in Stations 2, 3, and 4. The stations themes and clinical skills assessed are summarized in Table 1.

p=0.006
)
" [ )
T
(0] 1
| .
3
) 60—
()
)
©
n
40 €L
<
-
()]
20—+
0 I I
Intervention Control

Fig 2. State anxiety score. The intervention group had significantly lower state anxiety levels (54.8 £ 13.40, mean = standard deviation) compared to
the control group (63.56 +12.20, p=0.009; Cohen's d=0.692, 95% CI [0.154, 1.19]), indicating a moderate effect size. Student’s t test. STAI: state-trait
anxiety inventory.

https://doi.org/10.1371/journal.pone.0340407.9002
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Fig 3. Correlation between OSCE scores and state anxiety. Correlation between Objective Structured Clinical Examination (OSCE) scores and
State-Trait Anxiety Inventory (STAI) state anxiety scores in medical students (n=62). A weak, non-significant negative correlation was found between

OSCE performance and state anxiety (rs=-0.18; p=0.17).
https://doi.org/10.137 1/journal.pone.0340407.9003

p =0.055

10— s

OSCE Score

|
Intervention Control

Fig 4. OSCE Performance. Objective Structured Clinical Examination (OSCE) scores for the Intervention and Control groups. The intervention group
achieved significantly higher OSCE scores (median=8.60, IQR=0.80) compared to the control group (median=8.30, IQR=0.90; p=0.055, Mann-
Whitney U test), with a small effect size (Rosenthal’s r=0.277; 95% CI [-0.000019, 0.600]). IQR=interquartile range. Cl=confidence interval.

https://doi.org/10.1371/journal.pone.0340407.9004
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Table 3. Performance of each group and subgroup across OSCE stations.

Examinator Examinee Intervention Control p
n=12 n=16 n=28 n=39
Station 1 mean+SD 9.29+0.54 8.59+1.14 8.89+0.98 8.54+0.98 *0.01
median tigr *9.25+0.63 8.50+2.5 9.00+1.63 *9.00+1.25
Station 2 mean+SD 7.63+1.30 7.31£1.30 7.45+1.23 7.36+0.87 ns
median igr 7.75+1.25 7.50+£1.25 7.50+1.63 7.50+1.50
Station 3 mean+SD 7.63+1.65 7.25+1.51 7.41+1.55 7.36+0.87 ns
median igr 8.00+1.50 7.75+1.63 8.00+1.75 7.50+2.00
Station 4 mean+SD 9.00+0.74 8.53+1.44 8.73+1.20 7.26+1.91 ns
median tigr 8.50+1.50 8.50+2.00 8.50+1.50 8.50+2.00
Station 5 mean+SD 9.50+0.80 9.25+1.24 9.36+1.06 8.77+1.37 *0.054 1 0.033
median tiqr *10+1.00 10+1.00 110+1.00 *+9.00+2.00
OSCE mean+SD 8.61+0.53 8.19+0.75 8.37+0.60 8.06+0.84 *0.006 t 0.055
median tiqr *8.65+0.48 8.35+1.30 18.60+0.80 *+8.30+£0.90

Performance scores across Objective Structured Clinical Examination (OSCE) stations. Data are presented as mean * standard deviation and medi-

an tinterquartile range for the Examinator, Examinee, Intervention, and Control groups. The Intervention group is the combination of the Examinator and
Examinee subgroups. Significant p-values (p<0.05, Mann-Whitney U test) for the comparison between the entire Intervention group and the Control
group are indicated in the respective row for the total OSCE score. The symbols denote specific pairwise comparisons: (*) Examinator vs. Control sub-
group; () Intervention vs. Control group. SD =standard deviation. ns =non-significant.

https://doi.org/10.1371/journal.pone.0340407.t003

Finally, this study did not find any difference in the academic score between intervention (7.86 +0.55) and control group
(7.77+- 0.63, p=0.35, Mann-Whitney U Test).

Discussion

In the present study, participation in a peer-led-mock OSCE was associated with lower anxiety levels during the summa-
tive OSCE among fifth-semester medical students. Similar findings have been reported, particularly in studies based on
subjective assessments and self-reported measures [12,13,16]. Nonetheless, none of these studies have investigated the
effects of students from the same cohort organizing their own mock OSCE on anxiety. Most works proposed faculty-led-
mock OSCE or near-peer-led OSCE.

Evidence suggests that participating in a mock OSCE can enhance students’ confidence [16], which may contribute
to lower anxiety scores. Familiarity with the exam’s structure and overall functioning can help mitigate the uncertainty
associated with the official assessment. Additionally, the mock OSCE serves as a formative experience, offering valuable
feedback that allows students to refine their knowledge and further build their confidence.

Although OSCE is associated with higher levels of anxiety [21-23], it does not necessarily mean that higher anxi-
ety leads to lower performance. Consistent with previous data [24], the study findings showed no significant correlation
between anxiety levels and OSCE performance. One possible explanation is that as students progress, their cognitive
maturity and ability to tolerate high cognitive load may weaken the association between test anxiety and performance [24].

While the intervention group’s performance on the summative OSCE was only modestly higher, the observed trend
suggests that peer-led mock OSCEs may contribute to improved preparedness and performance. Although the difference
was not statistically significant, the direction and consistency of the data across stations indicate a potentially meaningful
educational effect that warrants further investigation. The literature on their efficacy for improving summative exam perfor-
mance, however, is conflicting. For instance, Madrazo [18] found no improvement in final exam scores after a mock OSCE
where students participated solely as examinees. In contrast, Heinke [25] demonstrated objective benefits in summative
evaluations when students were engaged in the entire process, including station creation and exam organization.
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Heinke [25] argues that the observed results may be attributed to the time students spent engaging with the theoreti-
cal and practical content of the medical skills course. This aligns with the so-called generation effect, in which individuals
better remember materials they have generated themselves [26]. This is consistent with the subgroup analysis, which
showed differences in the first OSCE station—a topic not covered in the formative activity. Furthermore, although not
statistically significant, there was a trend toward better performance in all stations of the official exam among the experi-
mental groups. Station 5 (LGBTQIA+ health), however, closely resembled one of the stations created in the mock OSCE,
which could suggest that content familiarity, in addition to format familiarity, may have contributed to the improved perfor-
mance on that specific station.

When students design and participate in mock exams, they actively practice the required skills, which can be applied
across different scenarios. For instance, practicing history-taking and physical examination for a patient with pneumonia
can develop skills that are also useful for a station on pleural effusion. Similarly, communication skills training can be ben-
eficial across multiple scenarios that assess doctor-patient interaction.

When participating as an examiner, the student can identify and reflect on strengths and fragilities of other students
during the OSCE stations, which may help improve their own performance during a summative assessment [27].

Student performance in OSCEs is influenced by multiple factors [28], with anxiety representing only one of them.
Knowledge acquisition, familiarity with exam structure, self-efficacy [29], and test-taking skills are also key determinants of
performance [28]. In this study, no clear correlation was observed between state anxiety and OSCE scores, reinforcing the
notion that performance outcomes result from a complex interplay of cognitive, emotional, and contextual variables rather
than from anxiety levels alone.

Although not a primary research question in this study, a peer-led mock OSCE appears to be a cost-effective strategy
for helping students manage stress and anxiety. Additionally, it may contribute to improved performance in summative
skills assessments.

The study lacked sufficient power to confirm whether the intervention improves performance and was unable to deter-
mine the specific impact of different roles in a mock OSCE, such as station creation, examiner participation, and being an
examinee. Additionally, the control group consisted of students who could not participate in the mock OSCE due to logisti-
cal reasons, which may have introduced variability in baseline characteristics.

Selection bias is a potential concern, since participation was voluntary. Nevertheless, all 5th-semester students agreed
to participate, and the final sample represents a substantial portion of the cohort. Randomization was performed only after
the volunteer list was complete, ensuring balanced group allocation. Seven students initially assigned to the intervention
group could not attend the mock OSCE and were reassigned to the control group before the intervention, thereby preserv-
ing the integrity of group comparisons.

The generalizability of the study findings should be interpreted with caution. This was a single-center study with a
relatively small sample size and a predominance of female participants (over 70%). As such, the results may not be fully
representative of broader medical student populations with different demographic or institutional profiles. Future multi-
center studies with more diverse and larger samples are needed to confirm these findings.

However, this study has several strengths. First, it was randomized and controlled. Second, to the authors’ knowledge, this
is the first study to objectively assess the impact of a peer-led mock OSCE on anxiety levels in students from the same cohort,
all enrolled in the same semester of medical school. Third, although the study was not fully blinded, OSCE evaluators were
unaware of the participants’ group assignments, reducing the risk of assessment bias. Finally, engaging students in creating
OSCE stations and acting as examiners promotes active learning, which is a key educational strength of the study design.

Conclusion

This investigation demonstrates that among students undertaking a summative OSCE for the first time, participation
in a peer-led mock OSCE is associated with lower anxiety levels and may possibly enhance test performance. This
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intervention may represent a valuable strategy to enhance both academic outcomes and student well-being in high-stakes
medical assessments.

Supporting information

S1 Dataset. Minimal dataset containing anonymized information on student group allocation, state anxiety
scores, and OSCE performance used in the analyses presented in this study.
(XLSX)

Acknowledgments

The authors are sincerely grateful to the faculty and staff of Municipal University of Sdo Caetano do Sul for their valuable
support in conducting this study. They also extend their appreciation to the students, who are the very reason for studies
such as this to exist.

Author contributions

Conceptualization: Leonardo Mateus de Lima, Maria Helena Favarato, lolanda Fatima Lopes Calvo Tibério.

Data curation: Leonardo Mateus de Lima.

Formal analysis: Leonardo Mateus de Lima.

Investigation: Leonardo Mateus de Lima.

Methodology: Leonardo Mateus de Lima, Maria Helena Favarato.

Supervision: Maria Helena Favarato, lolanda Fatima Lopes Calvo Tibério.

Visualization: Maria Helena Favarato.

Writing — original draft: Leonardo Mateus de Lima.

Writing — review & editing: Leonardo Mateus de Lima, Maria Helena Favarato, lolanda Fatima Lopes Calvo Tibério.

References

1. Harden RM, Stevenson M, Downie WW, Wilson GM. Assessment of clinical competence using objective structured examination. Br Med J.
1975;1(5955):447-51. https://doi.org/10.1136/bmj.1.5955.447 PMID: 1115966

2. Patricio MF, Julido M, Fareleira F, Carneiro AV. Is the OSCE a feasible tool to assess competencies in undergraduate medical education?. Med
Teach. 2013;35(6):503—-14. https://doi.org/10.3109/0142159X.2013.774330 PMID: 23521582

3. Barnes KN, Hardinger KL, Graham MR. Review of objective structured clinical examination practices within pharmacy programs throughout the
United States. Am J Pharm Educ. 2024;88(4):100686. https://doi.org/10.1016/j.ajpe.2024.100686 PMID: 38492854

4. Sandoval-Cuellar C, Alfonso-Mora ML, Castellanos-Garrido AL, Del Pilar Villarraga-Nieto A, Goyeneche-Ortegén RL, Acosta-Otalora ML, et al. Cor-
rection to: Simulation in physiotherapy students for clinical decisions during interaction with people with low back pain: Randomized controlled trial.
BMC Med Educ. 2021;21(1):423. https://doi.org/10.1186/s12909-021-02859-6 PMID: 34372827

5. Brazeau C, Boyd L, Crosson J. Changing an existing OSCE to a teaching tool: The making of a teaching OSCE. Acad Med. 2002;77(9):932. https://
doi.org/10.1097/00001888-200209000-00036 PMID: 12228103

6. Townsend AH, McLIvenny S, Miller CJ, Dunn EV. The use of an objective structured clinical examination (OSCE) for formative and summa-
tive assessment in a general practice clinical attachment and its relationship to final medical school examination performance. Med Educ.
2001;35(9):841-6. https://doi.org/10.1046/j.1365-2923.2001.00957.x PMID: 11555221

7. Alsahafi A, Ling DLX, Newell M, Kropmans T. A systematic review of effective quality feedback measurement tools used in clinical skills assessment.
MedEdPublish (2016). 2023;12:11. https://doi.org/10.12688/mep.18940.2 PMID: 37435429

8. Jiang Z, Ouyang J, LiL, HanY, Xu L, Liu R, et al. Cost-effectiveness analysis in performance assessments: A case study of the objective structured
clinical examination. Med Educ Online. 2022;27(1):2136559. https://doi.org/10.1080/10872981.2022.2136559 PMID: 36250891

9. Brown C, Ross S, Cleland J, Walsh K. Money makes the (medical assessment) world go round: The cost of components of a summative final
year Objective Structured Clinical Examination (OSCE). Med Teach. 2015;37(7):653-9. https://doi.org/10.3109/0142159X.2015.1033389 PMID:
25923233

PLOS One | https://doi.org/10.1371/journal.pone.0340407 February 12, 2026 10/ 11



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0340407.s001
https://doi.org/10.1136/bmj.1.5955.447
http://www.ncbi.nlm.nih.gov/pubmed/1115966
https://doi.org/10.3109/0142159X.2013.774330
http://www.ncbi.nlm.nih.gov/pubmed/23521582
https://doi.org/10.1016/j.ajpe.2024.100686
http://www.ncbi.nlm.nih.gov/pubmed/38492854
https://doi.org/10.1186/s12909-021-02859-6
http://www.ncbi.nlm.nih.gov/pubmed/34372827
https://doi.org/10.1097/00001888-200209000-00036
https://doi.org/10.1097/00001888-200209000-00036
http://www.ncbi.nlm.nih.gov/pubmed/12228103
https://doi.org/10.1046/j.1365-2923.2001.00957.x
http://www.ncbi.nlm.nih.gov/pubmed/11555221
https://doi.org/10.12688/mep.18940.2
http://www.ncbi.nlm.nih.gov/pubmed/37435429
https://doi.org/10.1080/10872981.2022.2136559
http://www.ncbi.nlm.nih.gov/pubmed/36250891
https://doi.org/10.3109/0142159X.2015.1033389
http://www.ncbi.nlm.nih.gov/pubmed/25923233

PLO\Sﬁ\\.- One

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24,

25.

26.

27.

28.

29.

Miri K, Hoseinabadi TS, Yaghobi A, Kholosi S, Miri M. Cost management analysis of Objective Structured Clinical Examination (OSCE): Guide to
the universities of medical sciences. BMC Med Educ. 2024;24(1):1241. https://doi.org/10.1186/s12909-024-06264-7 PMID: 39482696

Lee CB, Madrazo L, Khan U, Thangarasa T, McConnell M, Khamisa K. A student-initiated objective structured clinical examination as a sustainable
cost-effective learning experience. Med Educ Online. 2018;23(1):1440111. https://doi.org/10.1080/10872981.2018.1440111 PMID: 29480155

Young |, Montgomery K, Kearns P, Hayward S, Mellanby E. The benefits of a peer-assisted mock OSCE. Clin Teach. 2014;11(3):214-8. https://doi.
org/10.1111/tct.12112 PMID: 24802924

Ferreira E de MR, Pinto RZ, Arantes PMM, Vieira ELM, Teixeira AL, Ferreira FR, et al. Stress, anxiety, self-efficacy, and the meanings that phys-
ical therapy students attribute to their experience with an objective structured clinical examination. BMC Med Educ. 2020;20(1):296. https://doi.
org/10.1186/s12909-020-02202-5 PMID: 32912221

Forbes KL, Mian Q, Foulds JL. Give me a break! Addressing observed structured clinical exam anxiety. Med Teach. 2024;46(7):889-91. https://doi.
0rg/10.1080/0142159X.2024.2313577 PMID: 38346424

Abbasi A, Bazghaleh M, Fadaee Aghdam N, Basirinezhad MH, Tanhan A, Montazeri R, et al. Efficacy of simulated video on test anxiety in objective
structured clinical examination among nursing and midwifery students: A quasi-experimental study. Nurs Open. 2023;10(1):165-71. https://doi.
org/10.1002/nop2.1291 PMID: 35856875

Braier-Lorimer DA, Warren-Miell H. A peer-led mock OSCE improves student confidence for summative OSCE assessments in a traditional medi-
cal course. Med Teach. 2022;44(5):535—40. https://doi.org/10.1080/0142159X.2021.2004306 PMID: 34822315

Robinson P, Morton L, Haran H, Manton R. Mock OSCEs Improve medical students’ confidence and reduce anxiety related to summative examina-
tions. EIMJ. 2017;9(2):41-5. https://doi.org/10.21315/eimj2017.9.2.4

Madrazo L, Lee CB, McConnell M, Khamisa K, Pugh D. No observed effect from a student-led mock objective structured clinical examination on
subsequent performance scores in medical students in Canada. J Educ Eval Health Prof. 2019;16:14. hitps://doi.org/10.3352/jeehp.2019.16.14
PMID: 31129947

Spielberger CD, Gorsuch RL, Lushene RE. Manual for the State-Trait Anxiety Inventory (self-evaluation questionnaire). Palo Alto, CA: Consulting
Psychologists Press. 1970.

Cattell RB, Scheier IH. The meaning and measurement of neuroticism and anxiety. Ronald Press, New York 1961.

Brand HS, Schoonheim-Klein M. Is the OSCE more stressful? Examination anxiety and its consequences in different assessment methods in den-
tal education. Eur J Dent Educ. 2009;13(3):147-53. https://doi.org/10.1111/j.1600-0579.2008.00554.x PMID: 19630933

Kalantari M, Zadeh NL, Agahi RH, Navabi N, Hashemipour MA, Nassab AHG. Measurement of the levels anxiety, self-perception of preparation
and expectations for success using an objective structured clinical examination, a written examination, and a preclinical preparation test in Kerman
dental students. J Educ Health Promot. 2017;6:28. https://doi.org/10.4103/jehp.jehp_97_15 PMID: 28584828

Alhawari H, Alshelleh S, Alzoubi O, Khanfar AN, Akiely R, Abdallah B, et al. Comparison of baseline and test day cardiovascular parameters,
anxiety scores and coffee consumption among medical students undergoing objective structured clinical examinations in Jordan. Int J Gen Med.
2023;16:4249-56. https://doi.org/10.2147/IJGM.S432157 PMID: 37745136

Martin RD, Naziruddin Z. Systematic review of student anxiety and performance during objective structured clinical examinations. Curr Pharm
Teach Learn. 2020;12(12):1491-7. https://doi.org/10.1016/j.cptl.2020.07.007 PMID: 33092780

Heinke W, Rotzoll D, Hempel G, Zupanic M, Stumpp P, Kaisers UX, et al. Students benefit from developing their own emergency medicine OSCE
stations: A comparative study using the matched-pair method. BMC Med Educ. 2013;13:138. https://doi.org/10.1186/1472-6920-13-138 PMID:
24098996

Foos PW, Mora JJ, Tkacz S. Student study techniques and the generation effect. J Educational Psychology. 1994;86(4):567—76. https://doi.
org/10.1037/0022-0663.86.4.567

Emery AW, Rose-Innes E. Benefits of a peer-led mock-OSCE. Med Teach. 2018;40(3):321-2. https://doi.org/10.1080/0142159X.2017.1392496
PMID: 29069971

Khan KZ, Ramachandran S, Gaunt K, Pushkar P. The Objective Structured Clinical Examination (OSCE): AMEE Guide No. 81. Part I: an historical
and theoretical perspective. Med Teach. 2013;35(9):e1437-46. https://doi.org/10.3109/0142159X.2013.818634 PMID: 23968323

Mavis B. Self-efficacy and OSCE performance among second year medical students. Adv Health Sci Educ Theory Pract. 2001;6(2):93-102. https://
doi.org/10.1023/a:1011404132508 PMID: 11435761

PLOS One | https:/doi.org/10.1371/journal.pone.0340407 February 12, 2026 11/11



https://doi.org/10.1186/s12909-024-06264-7
http://www.ncbi.nlm.nih.gov/pubmed/39482696
https://doi.org/10.1080/10872981.2018.1440111
http://www.ncbi.nlm.nih.gov/pubmed/29480155
https://doi.org/10.1111/tct.12112
https://doi.org/10.1111/tct.12112
http://www.ncbi.nlm.nih.gov/pubmed/24802924
https://doi.org/10.1186/s12909-020-02202-5
https://doi.org/10.1186/s12909-020-02202-5
http://www.ncbi.nlm.nih.gov/pubmed/32912221
https://doi.org/10.1080/0142159X.2024.2313577
https://doi.org/10.1080/0142159X.2024.2313577
http://www.ncbi.nlm.nih.gov/pubmed/38346424
https://doi.org/10.1002/nop2.1291
https://doi.org/10.1002/nop2.1291
http://www.ncbi.nlm.nih.gov/pubmed/35856875
https://doi.org/10.1080/0142159X.2021.2004306
http://www.ncbi.nlm.nih.gov/pubmed/34822315
https://doi.org/10.21315/eimj2017.9.2.4
https://doi.org/10.3352/jeehp.2019.16.14
http://www.ncbi.nlm.nih.gov/pubmed/31129947
https://doi.org/10.1111/j.1600-0579.2008.00554.x
http://www.ncbi.nlm.nih.gov/pubmed/19630933
https://doi.org/10.4103/jehp.jehp_97_15
http://www.ncbi.nlm.nih.gov/pubmed/28584828
https://doi.org/10.2147/IJGM.S432157
http://www.ncbi.nlm.nih.gov/pubmed/37745136
https://doi.org/10.1016/j.cptl.2020.07.007
http://www.ncbi.nlm.nih.gov/pubmed/33092780
https://doi.org/10.1186/1472-6920-13-138
http://www.ncbi.nlm.nih.gov/pubmed/24098996
https://doi.org/10.1037/0022-0663.86.4.567
https://doi.org/10.1037/0022-0663.86.4.567
https://doi.org/10.1080/0142159X.2017.1392496
http://www.ncbi.nlm.nih.gov/pubmed/29069971
https://doi.org/10.3109/0142159X.2013.818634
http://www.ncbi.nlm.nih.gov/pubmed/23968323
https://doi.org/10.1023/a:1011404132508
https://doi.org/10.1023/a:1011404132508
http://www.ncbi.nlm.nih.gov/pubmed/11435761

