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Abstract

The present study aimed to assess the autonomic stress response of Exercise and Sport
Science degree students during their 12-scenario Objective Structured Clinical Evalua-
tion (OSCE). Eighty-eight students, randomly assigned to an initial OSCE scenario, had
their heart rate variability (HRV) monitored during the 12 OSCE scenarios. HRV in its
temporal, frequency, and non-linear domains was analysed. Results showed a significant
autonomic stress response that persisted throughout the entire evaluation without notable
changes between scenarios. The heart rate response significantly differed in two scenarios

compared to a break station and a written scenario (p < .05). However, the sympathetic
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and parasympathetic modulation remained stable across all scenarios. The OSCE method
proves to be a practical tool for assessing the competencies and skills of Exercise and
Sport Sciences students. Additionally, HRV analysis allows teachers to evaluate students'

autonomic stress responses and modify OSCE scenarios to enhance student performance.

Keywords: autonomic stress response; heart rate variability, objective structured clinical

evaluation, university studies, Exercise and Sport Sciences.

Resposta autondmica ao stress em estudantes do curso de Educagao Fisica e Cién-

cias do Desporto nos cenarios de um Exame Clinico Estruturado Objetivo

Resumo

O objetivo do presente estudo foi avaliar a resposta autonémica ao stress de estudantes
do curso de Ciéncias do Desporto e da Actividade Fisica durante a sua Avaliagao Clinica
Estruturada Objetiva (OSCE) de 12 cendrios. Oitenta e oito estudantes, designados alea-
toriamente para um cendrio inicial da OSCE, tiveram a sua variabilidade da frequéncia
cardiaca (VFC) monitorizada durante os 12 cendrios da OSCE. Os dominios temporais,
de frequéncia e nao-lineares da VFC foram analisados. Os dados mostraram uma forte
resposta autondémica ao stress dos estudantes, mantida ao longo de toda a avaliagao,
sem alteragdes significativas entre os cendrios. A resposta da frequéncia cardiaca variou
significativamente em dois dos cenarios, em comparagdao com uma estagdo de intervalo
e um cendrio escrito (p < .05). No entanto, a modulagdo simpdtica e parassimpatica
ndo se alterou ao longo dos cenarios da OSCE. A metodologia OSCE ¢ uma ferramenta
adequada para avaliar as competéncias e aptidoes dos estudantes de Educagio Fisica e
Ciéncias do Desporto. Além disso, a analise da VFC permite que os docentes avaliem a
modulagio autondmica do stress dos estudantes e adaptem os cendrios da OSCE para

melhorar o desempenho académico.

Palavras-chave: resposta autonomica ao stress; variabilidade da frequéncia cardiaca;
avaliacdo clinica estruturada objetiva; estudos universitarios; Educagao Fisica e Ciéncias

do Desporto
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INTRODUCTION

Regarding University studies, since the Bologna Declaration, there has been an
important modification in the learning and evaluation methods in higher educa-
tion that emphasizes the active training of students evaluated by the acquired
competencies (Cano Garcia, 2008). For this reason, new evaluation processes have
been developed to assess whether students acquire the abilities and skills required
for their careers. One of these methodologies is the Objective Structured Clinical
Examination (OSCE), which was first described by Harden in 1975 (Harden et al,,
1975) to improve the validity and reliability of the assessment of performance. The
OSCE has been proven to be a valid and reliable tool that can assess the three learn-
ing domains (cognitive, affective, psychomotor) and the highest level described in
the Miller pyramid: the “shows how” (Carraccio & Englander, 2000; Miller, 1990;
Newble, 2004; Sloan et al., 1995).

In the last thirty years, the OSCE has grown exponentially worldwide in under-
graduate and postgraduate examinations (Khan et al., 2013). So far, the OSCE has
been mainly used in health sciences fields such as medicine, nursing, psychol-
ogy, midwifery, dentistry, and physiotherapy. However, other areas of knowledge
have begun to adapt the OSCE, as it serves as a model for social work students
(Bogo et al., 2011); however, the presence of OSCE in social sciences appears to
be scarce. Previous research has proven that some challenging academic events,
such as OSCEs (Bellido-Esteban et al., 2021; Martinez-Pascual et al., 2022), final
project oral defence (Ramirez-Adrados et al., 2020), chemical laboratory practices
(Redondo-Flérez & Clemente-Suarez, 2022), or simulation lab practices (Espejo-
Antunez et al., 2022; Starcke et al., 2016) produce a large anxiogenic response in
students. OSCEs are a source of novelty and uncertainty that confront students
with a simulated situation they are not familiar with, increasing self-confidence
in their practice but provoking stress due to their complexity and limited time to
work it out (Bagheri et al., 2012). When a stimulus is interpreted as threatening by
the organism, a complex autonomous nervous system response is activated, activat-
ing the sympathetic autonomous nervous system and the hypothalamic-pituitary-
adrenal axis, increasing the production of cortisol, adrenaline, and noradrenaline
(Hood, 2015; Morgan et al., 2006). These responses, even unconscious, could induce
structural and functional changes in the nervous system, altering the executive
function’s performance (Clemente-Suarez & Robles-Perez, 2013) and memory
(Delgado-Moreno et al., 2017; Delgado-Moreno et al., 2019), factors that empha-
sise the importance of control and monitoring of the stress response in academic
environments (Beltran-Velasco et al., 2020; Mendoza-Castejon & Clemente-Suarez,
2020). In this line, monitoring autonomic modulation through heart rate variability
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(HRV) to analyse stress response represents a novel methodology applied across
various environments, including health, education, sports, and the military. The
use of portable devices to monitor heart rate is nowadays widely used, providing us
with real-time information on autonomous modulation by the analysis of the HRV
(Beltran-Velasco et al., 2018; Tornero-Aguilera & Clemente-Suarez, 2018). This is
essential to analyse the effect of psychophysiological stress response on academic
achievement and could help to develop intervention programs to improve students'
coping with these challenging situations. These could include mindfulness training,
biofeedback, emotional regulation workshops, or simulation-based coping strate-
gies, aiming to reduce academic stress and enhance performance.

To the best of our knowledge, there is no previous research that analyses the
autonomic stress response in Sport Sciences undergraduate degree students, despite
the importance that this has in these very practical studies and where the inter-
personal relationship is so important. For this reason, we conducted the present
research with the aim of studying the autonomic stress response of Exercise and
Sport Sciences Degree students in the scenarios of an objective structured clinical
examination. We hypothesized that (i) students’ autonomic stress response would
be high during the OSCE and (ii) students’ sympathetic and parasympathetic
responses would differ according to the competencies demands of each scenario.
This relevance is due to the constant interaction of sport professionals with clients,
athletes, and colleagues, which requires emotional intelligence and communication
skills, especially under stress.

METHOD

Participants

The students who participated in the present study were in their final year
of the Exercise and Sport Sciences degree and were enrolled in a course named
Practicum and the OSCE as part of their evaluation. Hence, a convenience sample
of 88 students (72 men and 16 women) was enrolled. All the students who par-
ticipated in the study had the same previous experience and knowledge before the
beginning of the OSCE; thus, a shared starting point in the competencies of all of
them was assumed. Also, as inclusion criteria, all the students were in their last
year (approving the OSCE means the end of Degree studies) and none of them
had cardiovascular conditions. All the participants were fully informed and gave
their written consent.
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Procedure

The present study was an observational research of the autonomic response in
Exercise and Sport Sciences degree students throughout their OSCE. The evaluation
event was performed in the Faculty of Exercise and Sport Sciences of the University.
The OSCE consisted of 12 scenarios, where students were randomly assigned by
the OSCE coordinator in alphabetical order by last name. From their assigned
scenario, students then rotated among the remaining scenarios in ascending order.
The procedure was approved by the University Ethics Committee (CIPI1/22.288) and
followed the Declaration of Helsinki. All participants gave written informed consent.

Before the beginning of the OSCE, a heart rate monitor (V800, Polar, Kempele,
Finland) was placed on every student’s chest. Once the OSCE began, students had
10 minutes to resolve the situation, using only the information they had read previ-
ously to each scenario for 2 minutes, and the skills and knowledge they acquired
during their degree. Scenarios were separated by 3 minutes (1 to rest and 2 to read
the information of the following scenario).

The OSCE analysed consisted of the following scenarios (scenarios are named
as S and the subsequent number, e.g. Scenario 1 is S1): S1: conflict management in
team sport; S2: educational adaptation of a physical education class for low skills
children (non-interactive written scenario); S3: resting time; S4: physical education
class design (non-interactive written scenario); S5: exercise training planning and
design; S6: sport facility management; S7: management of underperforming athlete;
S8: resting time; S9: facing student’s parents’ conflict; S10: physical exercise design
in wellness context; S11: sport center human resources management; S12: physical
condition assessment. This OSCE was designed to simulate authentic professional
challenges in sports and exercise sciences, from interpersonal conflicts to technical
planning. The scenarios were created as examples in different professional areas
such as teaching, sports training, and sports management.

Measurements and instruments

Heart rate variability was registered to evaluate the autonomic stress response
of the students using a validated (Giles et al., 2016) Polar V800 heart rate monitor
(Polar, Kempele, Finland). Subsequently, the R-R intervals were examined with
the Kubios HRV software (v3.0, Biosignal Analysis and Medical Imaging Group,
University of Kuopio, Finland). We assessed HRV through the time-domain,
frequency-domain, and nonlinear spectrum variables. Time-domain metrics reflect
overall variability, frequency-domain metrics assess sympathetic-parasympathetic
balance, and non-linear parameters indicate system complexity and unpredictability.
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Time-domain variables:

- HRmin: minimum heart rate

- HRmax: maximum heart rate

- HRmean: mean heart rate

- RMSSD: the square root of the average of the sum of the differences squared
between normal adjacent R-R intervals

- PNNG50: the percentage of differences between normal adjacent R-R intervals

greater than 50 ms

Frequency-domain variables:

- LF: the low-frequency band in normalized units

- HF: the high-frequency band in normalized units

— LF/HF: the ratio between low and high frequency band.
Nonlinear spectrum variables:

- SD1: the sensitivity of the short-term variability

- SD2: the sensitivity of the long-term variability

Statistical analysis

Data are presented as mean + standard deviation (SD). Normal distribution of
data was revealed through the Kolmogorov-Smirnov test. Thus, data were analysed
using one-way analysis of variance with repeated measures (ANOVA). After a sig-
nificant F-value (Greenhouse—-Geisser adjustment for sphericity), pairwise differ-
ences between means were identified by using the Bonferroni post hoc procedure.
The effect size was estimated by calculating partial eta squared (n2p). The level
of significance was set at P-value <0.05. All statistical analyses were performed
using the IBM Statistical Package for the Social Sciences (SPSS) software version
24.0 for Windows.

RESULTS

Data results and analysis are shown in Table 1. It stands out that statistical
procedures revealed that HRmin of students was significantly higher in SI com-
pared to S4, and HRmed was higher in S1 compared to S3 and S4; and lower in S4
compared to S12 (all p <.05). No other significant differences were found among
the OSCE scenarios in any of the variables analysed.
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DISCUSSION

The purpose of this study was to analyse the autonomic stress response of last
year’s Exercise and Sport Sciences students during the 12 scenarios of their OSCE.
Our initial hypothesis was confirmed; students’ stress response was high during
their OSCE. However, the second hypothesis was not fulfilled since the students’
sympathetic and parasympathetic responses did not significantly change across
the OSCE scenarios.

Data reported showed that the Exercise and Sport Sciences Degree OSCE was
a stressful event for students. The HRV results indicated that the autonomic stress
response of the students was high in the time domain, frequency domain, and
nonlinear spectrum variables. This led to an increase in sympathetic modulation
and low parasympathetic modulation of the nervous system due to the uncertain
and uncontrollable characteristics of an OSCE. Students perceived the OSCE as a
threatening event where they were observed and their competencies assessed. The
OSCE was part of the evaluation of a course called Practicum in which student
completed a stay in a professional setting (e.g. high school, fitness center, or coa-
ching staff) where they demonstrated their competencies and skills. Additionally,
this was the first time students faced an OSCE. To our knowledge, it was also the
first time an OSCE was used to evaluate Exercise and Sport Sciences students.
Therefore, this academic event was undoubtedly a significant stressor for the stu-
dent. Similar stress responses have been observed by our research group in physi-
otherapy (Martinez-Pascual et al., 2022), psychology (Beltran-Velasco et al., 2018),
and nursing OSCE (Conde & Clemente-Suarez, 2021). Other educational contexts
have also been shown to be stressful environments that trigger high stress responses,
such as clinical placements (Beltran-Velasco et al., 2019), final degree dissertation
(Ramirez-Adrados et al., 2020), and practical exams (Sanchez-Conde et al., 2022).

Regarding the central nervous system modulation during the OSCE, data showed
a maintained response of the sympathetic modulation in all the scenarios. This
maintained anxiogenic response could be explained because it was the first time the
students participated in this type of methodological evaluation, which was a novel,
uncontrollable, and unpredictable environment for them. As we have highlighted,
to our knowledge, this was the first OSCE performed in the Exercise and Sport
Sciences degree. In this line, compared to other OSCEs performed in other degrees,
our students faced a higher number of stations (Bobos et al., 2021), and this fact
could lead our students to a large anxiogenic response. A similar OSCE structure
was carried out in a physiotherapy OSCE analysed by our group (Martinez-Pascual
et al., 2022). Both groups of students exhibited similar sympathetic modulation
during their respective OSCEs. However, Exercise and Sport Science students'
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HRYV data showed slightly more favourable results regarding stress and anxiogenic
responses, with higher HRV values. We could argue that Exercise and Sport Sciences
students presumably have a better physical activity profile, and thus, they could
better assume the stress (Redondo-Florez et al., 2022). However, and we state this
fact as a limitation, we did not evaluate the physical activity profile to ensure this.

Contrary to our second hypothesis, HRV data showed that the autonomic modu-
lation of the students was similar in all the OSCE scenarios, despite there were two
rest stations and two written scenarios. This means that the stress generated by
facing the OSCE was so superior that the differences in difficulty and emotional
impact of the scenarios had no effect. In this regard, it is important to highlight
that the sequence of scenarios is different for each student since they were randomly
assigned to the scenario where each one began the OSCE, and all of them rotated
in ascending order. Also, this design avoided a possible habituation response along
the OSCE would occur in the same scenarios., We expected that the scenarios with
higher emotional load and difficulty (i.e., S1 and S9) would elicit a greater stress
response. Surprisingly, these scenarios reported similar HRV values to the other
scenarios. This difference in difficulty and stress perception between students and
educators facing an OSCE has already been studied in previous research (Conde
& Clemente-Suarez, 2021). Regarding the scenarios, HRV data did not show sig-
nificant differences between them, but the cardiac response did have significant
differences. S1 (conflict management in team sport) provoked a higher HRmin and
HRmean than S4 (physical education class design) and a higher HRmean than S3
(rest). Also, S12 (physical condition assessment) had a greater HRmean response
than S4. SI and S12 shared the commonality that students encountered simulated
athletes (actors) in contexts related to the content of the sport sciences profession,
where reasoning and decision-making skills are crucial. Besides, S4 was a written
scenario, and thus, its demands were akin to a written test, an evaluation process
that students had commonly performed throughout their academic life since basic
school. The fact that the students were in the rest station (S3) and right after faced
the S4, where they did not interact with individuals, could explain this reduction
in the heart rate response.

The analysis of HRV to evaluate the autonomic stress response is an innovative
method to determine how stressful situations affect related abilities, performance,
and skills across various fields such as exercise training, sport, military, health, and
academics (Fernandez-Elias et al., 2022; Ramirez-Adrados et al., 2020; Redondo-
Florez et al., 2022; Tornero-Aguilera et al., 2020; Tornero-Aguilera et al., 2021).
Thus, this tool has demonstrated its sensitivity in order to identify the magnitude
of the autonomic response in very different contexts and situations. However, HRV
parameter sensitivity seems different depending on what kind of stress is evalu-
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ated. In this line, time domain variables have previously been shown to be more
sensitive when analysing stress in an academic context (Beltran-Velasco et al.,
2019; Martinez-Pascual et al., 2022). Therefore, the data reported in this study are
in concordance with these previous reports, since heart rate values belong to this
HRV spectrum. Nevertheless, more research is needed in order to fully understand
the possibilities of HRV to measure stress in different contexts and populations.

The results of this study provide useful information for improving OSCE design
and implementation in Exercise and Sport Sciences. Firstly, the persistent sympa-
thetic activation observed across all scenarios suggests that the current format of
the OSCE generates a sustained stress response, regardless of the specific scenario.
Therefore, educators and course designers could consider gradually introducing
OSCE-like situations throughout the academic curriculum, helping students become
familiar with this type of evaluation and reducing its novelty and uncertainty.

Secondly, the use of HRV as a monitoring tool offers the opportunity to evalu-
ate student stress in real time and adapt the structure or sequence of scenarios
accordingly, for example, by strategically placing rest or lower-demand stations
after high-pressure scenarios. In this sense, autonomic modulation data may serve
not only as a research variable but also as a practical feedback tool to improve
students’ experience and performance.

Lastly, understanding the autonomic stress profile of students during OSCEs
could help design targeted interventions (e.g., mental preparation strategies, breath-
ing, or relaxation techniques) to reduce stress levels and enhance performance
during high-stakes assessments.

CONCLUSIONS

Summarizing, the findings of the present study were that Exercise and Sport
Science degree students had a large stress response and a maintained sympathetic
autonomic modulation during the OSCE. To the best of our knowledge, this was
the first time that Exercise and Sport Science degree students undertook an OSCE
as a competency evaluation method, which could explain the similar HRV response
in all the scenarios, despite the varying content and context, as well as in the break
stations. Therefore, an OSCE is an evaluation methodology that can be implemented
in Exercise and Sport Sciences degrees to assess students’ competencies and practical
skills. Besides, monitoring the autonomic modulation of students allows teachers
to design OSCE scenarios more adapted to the students, restraining the effect of
the stress response to allow a better performance. On the other hand, this study
is not without limitations. The measurement of stress hormones (i.e. cortisol and
alpha amylase) could have provided more information about the students’ stress
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response. Also, there were unmeasured individual traits like prior OSCE experi-

ence or psychological resilience.
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