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Abstract

Clinical simulation offers significant experiences in a controlled environment that favors the development of
cognitive processes, the practice of skills and collaborative work, thus strengthening learning in university contexts.
Considering this, the purpose of this work was to analyze subjectivity and experience in the laboratory, as well as
the meaning of clinical simulation in the working memory of university students. The research was developed from
a qualitative approach, with a phenomenological design. The participants were six teachers from a private university
in Lima, who acted as key informants. A semi-structured interview was used to collect data, guided by a structured
instrument. Among the results, it was evident that clinical simulation, in relation to working memory, is associated
with learning strategies, skills training, the development of cognitive processes and the characteristics of the
simulation scenario. In conclusion, clinical simulation, as a training strategy, contributes to strengthening students’
skills through the repetition of procedures in realistic situations, which favors the retention of information and the
automation of responses. Likewise, the importance of debriefing or subsequent reflection is highlighted, since it
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allows decisions to be reviewed and corrected, thus reinforcing working memory and consolidating significant
learning.

Keywords: clinical simulation, working memory, cognitive development.

Resumen

La simulacién clinica ofrece experiencias significativas en un entorno controlado que favorece el desarrollo de
procesos cognitivos, la practica de habilidades y el trabajo colaborativo, fortaleciendo asi los aprendizajes en
contextos universitarios. Considerando ello, el presente trabajo tuvo como finalidad analizar la subjetividad y la
experiencia en el laboratorio, asi como el significado de la simulacién clinica en la memoria de trabajo de
estudiantes universitarios. La investigacion se desarrollé desde un enfoque cualitativo, con disefio fenomenoldgico.
Los participantes fueron seis docentes de una universidad privada de Lima, quienes actuaron como informantes
clave. Para la recoleccién de datos se empled la entrevista semiestructurada, guiada por un instrumento
estructurado. Entre los resultados, se evidencio que la simulacion clinica, en relacion con la memoria de trabajo,
se asocia con las estrategias de aprendizaje, el entrenamiento de habilidades, el desarrollo de procesos cognitivos
y las caracteristicas del escenario de simulacién. En conclusion, la simulacién clinica, como estrategia formativa,
contribuye al fortalecimiento de las habilidades de los estudiantes mediante la repeticion de procedimientos en
situaciones realistas, lo que favorece la retencion de informacion y la automatizacion de respuestas. Asimismo, se
destaca la importancia del debriefing o reflexion posterior, ya que permite revisar y corregir decisiones, reforzando
asi la memoria de trabajo y consolidando el aprendizaje significativo.

Palabras clave: simulacion clinica, memoria de trabajo, desarrollo cognitivo.

Introduction

Working memory, as it relates to clinical simulation, is a construct drawn from cognitive psychology and
neuroscience that describes how the brain temporarily holds and manipulates information in order to carry out
complex cognitive tasks. When this function operates alongside another cognitive capacity, it can compromise
visual search performance during reading (Redden et al., 2023). Clinical simulation, in this sense, serves not only
to train technical skills but also to surface participants’ learning expectations, build integrity, trust, and mutual respect
among them, and orient them to the simulation environment. The simulation phase itself is the point at which
participants engage with the simulated clinical scenario in pursuit of specific learning objectives (Watts et al., 2021).

Across Latin America, students with dyslexia have been shown to experience working-memory impairments
that translate into slower learning, difficulty forming morphemes, and problems storing and retrieving phonemes
(Quintero et al., 2022). In Chile as well, students between the ages of 10 and 17 display learning difficulties and
working-memory deficits that may stem from altered components in certain subtypes of attention-
deficit/hyperactivity disorder (Milla & Gatica, 2020). Taken together, these findings suggest that working-memory
limitations are not isolated occurrences but part of a broader pattern that undermines academic performance and
the development of professional competencies.

Although simulation is widely used in the education and training of health professionals, pinning down its
degree of realism and educational value remains difficult. Some authors argue that the value of realism varies
across students and that what matters most is offering an accurate representation of the clinical case through cues
and stimuli experienced from the participant’s own perspective (Tun et al., 2015). Even so, greater realism in
simulation tends to enhance student learning: repeated exposure to high-fidelity simulation has been shown to
facilitate mastery and readiness for practice. High fidelity refers to simulation experiences that afford learners a
strong sense of realism, allowing for deeper immersion in the clinical scenario (Guerrero et al., 2021).

Within the Peruvian context, a study conducted in Junin found that 55% of students showed only a
moderate level of working memory (Angulo, 2021). Similarly, 43.3% of university students were reported to
demonstrate a moderate level of virtual clinical simulation, a finding that points to a considerable difficulty (Vargas,
2021). These figures reveal challenges across the study categories at the national level and underscore the need
to strengthen training strategies that bring working-memory development together with simulated practice.

At the local level, difficulties have been identified in working memory, particularly with respect to retained
information, that is, knowledge that was, at some point, needed to meet a specific cognitive or procedural demand.
This information is stored in long-term memory through a process involving repetition and consolidation. Previously
stored information, in turn, can be retrieved by means of short-term memory, which acts as a bridge between

permanent storage and the execution of immediate tasks (Castro, 2019).
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Within the university setting, students have shown problems in the cognitive processes underlying working
memory, which in turn affects their academic performance. Because they struggle to retain information over longer
periods and apply it later, they have trouble filtering out or disregarding irrelevant or distracting information, which
undermines concentration and attention on specific tasks. They also find it difficult to organize sequences of
information or carry out tasks that require planning and the coordination of multiple steps. The causes underlying
working-memory problems include genetic or biological factors, alterations in brain structure or function, mental
health conditions such as attention-deficit/hyperactivity disorder, and environmental factors — life experiences,
exposure to environmental toxins, chronic stress, or a lack of cognitive stimulation — all of which can compromise
cognitive functioning. Faculty, for their part, need training in strategies for developing clinical simulation that help
strengthen students’ working memory.

Several prior studies inform this discussion. Jefferies et al. (2024) found that complex, emotionally charged
tasks set within environments that challenge students’ educational needs reveal memory to be a key feature of how
students process, learn, and adapt to new information in their surroundings, playing a central role in both learning
and teaching. Sobuwa (2023), examining which aspects of clinical simulation assessment can lead to poor
academic performance, concluded that although clinical simulation is a useful pedagogical resource for training
health-profession students in patient management, difficulties remain that can depress student performance,
particularly when reflection and feedback strategies are lacking. Finally, Morocho (2023) investigated the
effectiveness of simulator-based teaching, focusing on how it is applied, how faculty skills are assessed, how much
value students place on it, and which competencies it develops; the study concluded that clinical simulators
represent a valuable tool in obstetrics education provided they are integrated systematically into the curriculum.

The theoretical framework underpinning clinical simulation draws on the experiential learning theory
advanced by Dewey (1933), who stressed the importance of hands-on experience within the educational process.
Learner experience, arising from the activities students carry out and intentionally directing them toward the
proposed learning objectives, thus becomes the central element of education itself. It is worth noting that this
approach draws on a range of tools, including active learning devices, technical language, simulated scenarios,
trained patient actors, and infrastructure and technological equipment designed to mimic reality (Pina & Amador,
2015). Experiential learning theory recognizes and values individual differences: it builds on learners’ prior
knowledge, enabling them to acquire new schemas that, once integrated smoothly, give rise to meaningful learning.
This process, in turn, drives discernment and growth through innovation in teaching and learning (Espinar &
Vigueras, 2020) and functions as an external stimulus that generates experience, guiding skill development through
effort and expert practice (Valdés & Luna, 2017).

Clinical simulation has been defined as a complex educational intervention characterized by several design
features with the potential to shape cognitive load, that is, the mental effort required to take in new information and
learn (Lapierre et al., 2022). It recreates clinical scenarios involving real patients or manikins; performing clinical
skills, however, is not the primary aim of simulation. Rather, students are expected to demonstrate abilities such as
problem-solving, communication with patients and bystanders, coordination with hospital staff, and the technical
skills needed to achieve specific outcomes within a medical or trauma context (Jones et al., 2015). Simulation also
fosters the cognitive and conceptual development of these processes, allowing students to apply knowledge and
skills effectively during actual clinical practice, which in turn helps reduce iatrogenic harm caused by inadequate
techniques or practices (Afanador, 2010). Clinical simulation is, without question, a fundamental technique for
building skills and competencies among health professionals in training. Its success, however, hinges on thoughtful
implementation that weighs both its benefits and its limitations; by balancing technology, pedagogy, and available
resources, institutions can maximize its potential as a key educational tool.

Clinical simulation should be promoted as both a teaching and an assessment methodology, with the
simulator serving as a vehicle for conveying theoretical knowledge to students. Course-workshops that combine
simulated practice with guided reflection offer one way of achieving this (Zuleta, 2023). Bogo et al. (2014), for their
part, documented the pedagogical benefits of simulation-based learning: all of their interviewees agreed that clinical
simulation draws on simulators and audiovisual resources, videos and presentations among them, to recreate
complex clinical scenarios and strengthen students’ visual and kinesthetic memory alike, ultimately improving
knowledge retention and problem-solving.

Working memory also finds theoretical grounding in integrated information theory, put forward by Tononi
and Koch (2016), who argued that consciousness consists in the brain’s capacity to process and integrate
information rapidly, acting as a holistic synthesizer of the individual’s surrounding context. This capacity depends
on a thalamocortical system capable of generating gamma-frequency oscillations. The link between working
memory and consciousness is likewise evident in the multicomponent model of Baddeley (2017), which is directly
relevant to the present study. Working memory has been defined as one of the executive functions responsible for




preparing, executing, regulating, and adjusting behavior, emotion, and cognition (Romero et al., 2017). The optimal
functioning of working memory and other cognitive processes is considerably impaired in crisis situations that affect
people’s subjective and family well-being, as well as their developmental conditions and quality of life (Ramirez et
al., 2020).

Given its importance, working memory warrants targeted intervention, yet few programs are currently
devoted to this function. Within the field of cognitive stimulation of executive functions, fostering working memory
through extracurricular activities not directly tied to the traditional teaching model has been proposed. Such activities
include physical and artistic exercises that act as cognitive reinforcers; incorporating them into the school curriculum
or into daily routines has proven highly beneficial for many students (Riafio et al., 2018). Working memory is an
essential component of cognitive functioning, operating as a temporary “mental workspace” in which symbols and
information are stored and processed before being learned or discarded. Although this concept is widely accepted,
applying it in practice through pedagogical strategies calls for critical analysis that weighs both its impact and the
limitations inherent in the process.

Methodology

This study followed a qualitative approach grounded in the phenomenological-hermeneutic method,
through which the phenomenon under study was analyzed and interpreted. The phenomenological component
centered on grasping the actual meaning of the phenomena examined (experiences, perceptions, and ideals)
through the researcher’s own subjective engagement, while the hermeneutic component enabled an in-depth
analysis of the interviews aimed at uncovering the meanings underlying participants’ discourse. Reporting of the
study adhered to the criteria set out in the STROBE guideline for observational studies, particularly with respect to
the clear description of context, participants, variables, instruments, and data analysis.

The sample consisted of six faculty members from a private university in Lima, who served as key
informants. Data were collected through semi-structured interviews, a technique that entails direct interaction
between researcher and participant and allows relevant information to be exchanged in a manner that is flexible
yet purposefully guided. Consistent with the STROBE guideline, the procedure unfolded in the following stages.
First, informed consent was obtained from each faculty member interviewed, following a sensitization process
covering the study’s objectives and scope. Individual interviews with each participant were then conducted. The
information gathered was organized into a transcription matrix and coded according to the categories and
subcategories previously defined. Finally, the data were processed using Atlas.ti software, which was used to
systematize the information through hermeneutic networks addressing clinical simulation in working memory.
Throughout, the study adhered to the ethical principles of research, ensuring participants’ anonymity, confidentiality,
and respect for autonomy.

Results

The results were processed on the basis of the information provided by the interviewees, who shared their
experiences of clinical simulation in relation to working memory. The interviews were transcribed, coded, and
analyzed with the support of ATLAS.ti software, which facilitated the systematic organization of the qualitative data
and made it possible to identify meaningful patterns, categories, and relationships within participants’ discourse.
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Figure 1
Network of clinical simulation in the working memory of students at a private university
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Figure 1 shows that clinical simulation, as it bears on working memory, is associated with four key
dimensions: working-memory strategies, skills training, the development of cognitive processes, and the simulation
scenario. Interviewees generally agreed that clinical simulation is an effective strategy for improving students’ skills
through the repetition of procedures in realistic situations, which favors information retention and the automation of
responses. They also emphasized the importance of debriefing, or post-simulation reflection, as an opportunity to
review and correct decisions, a process that reinforces both working memory and meaningful learning.

Figure 2
Network of skills training in students’ working memory
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Figure 2 shows that skills training takes place through repeated, structured practice at stations, where
students work in groups to develop sequences that strengthen visual memory, manual memory, and perception.
This approach optimizes learning through constant feedback and allows students to acquire critical clinical skills by
repeating tasks and correcting errors, a process that helps prevent cognitive overload while consolidating what has
been learned. Station-based work, moreover, was highlighted as a way for students to overcome fear, learn from
their mistakes, and improve how they process information through the simulator. Interviewees agreed that clinical
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simulation relies on simulators and audiovisual resources such as videos and presentations to recreate complex
clinical scenarios and strengthen students’ visual and kinesthetic memory alike, with the aim of improving
knowledge retention and problem-solving.

Figure 3

Network of the simulation scenario in students’ working memory
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Figure 3 shows that clinical simulation relies on simulators and audiovisual resources, videos and
presentations among them, to recreate complex clinical scenarios and strengthen students’ visual and kinesthetic
memory alike, with the aim of improving knowledge retention and problem-solving. Interviewees emphasized, on
one hand, the use of advanced technology such as real-time feedback software and virtual-reality tools to simulate
high-pressure clinical environments; on the other, they underscored the value of incorporating actors to portray
patients, alongside videos, audio recordings, and more traditional tools such as presentations and assessments,
all intended to facilitate learning and enrich the training experience.

Figure 4
Network of cognitive processes developed within working memory
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Figure 4 shows that the development of cognitive processes (attention, perception, and memory) is
fundamental to strengthening students’ clinical reasoning. These processes are enhanced through the repetition of
tasks, the use of simulations, and the integration of high-demand cognitive skills such as rapid decision-making and
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real-time problem-solving, all aimed at improving working memory and the capacity for clinical analysis and
judgment. Interviewees stressed, on one hand, the importance of concentration and of reinforcing the ability to
encode and retrieve prior information in the present moment; on the other, they highlighted how working memory

enables physiotherapy students to develop professional competencies and respond assertively when managing
complex clinical cases.

Figure 5
Network of strategies developed within students’ working memory
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Figure 5 shows that training resources include strategies that draw on visual materials, scenario-recreating
presentations, simulators, mnemonic devices, and case analysis, all intended to organize thinking, prioritize
information, and ensure students’ active participation. On one hand, the use of graduated training and interactive
practice, supported by technological resources and simulators of varying complexity, stands out; on the other,
students’ active participation and the analysis of clinical cases emerge as key strategies for skills acquisition, since
they foster direct student involvement in their own learning process.
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The word cloud reflected the most frequent terms: memory, working, simulation, skills, information,
students, learning, processes, scenarios, strategies, clinical, and development. This pattern points to the conclusion
that improving working memory calls for clinical simulation that integrates the development of skills, processes, and
strategies, thereby ensuring meaningful learning. This finding is consistent with the educational context of the
private university studied, confirming clinical simulation as an effective strategy for advancing student learning and
enabling students to face and resolve clinical problems autonomously and reflectively.

Discussion

Clinical simulation, in relation to working memory, is associated with working-memory strategies, skills
training, the development of cognitive processes, and the simulation scenario. As a training strategy, it also
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improves students’ skills through the repetition of procedures in realistic situations, favoring information retention
and the automation of responses. Participants further underscored the importance of debriefing, or post-simulation
reflection, for reviewing and correcting decisions, a process that reinforces both working memory and meaningful
learning. This finding aligns with Sobuwa (2023), who noted that although clinical simulation is a useful educational
tool for training health-profession students in patient management, difficulties remain that can lead to poor student
performance, particularly in the absence of adequate feedback strategies.

Morocho (2023), for her part, established the effectiveness of simulator-based teaching, examining how it
is applied, how faculty skills are assessed, how students perceive its value, and which competencies it develops.
That study also demonstrated the simulators’ effectiveness, highlighting their practical application and functionality,
while noting that some faculty members showed only limited commitment to this educational tool. Even so, practice
with simulators was found to facilitate the assimilation of knowledge and skills, reduce the risk of error, and increase
students’ confidence and security in real-world situations. Vargas (2021), by contrast, found that participation in
virtual clinical simulation has a significant influence on meaningful learning among medical students, concluding
that such participation is an influential factor in meaningful learning for this population.

These results are consistent with Lapierre et al. (2022), who defined clinical simulation as a complex
educational intervention characterized by several design features capable of shaping cognitive load, the mental
effort required to take in new information and learn. Such simulations recreate clinical scenarios with real patients
or manikins. Performing clinical skills is not their primary purpose; students are instead expected to demonstrate
abilities such as problem-solving, communication with patients and bystanders, coordination with hospital staff, and
the technical skills needed to achieve specific outcomes within a medical or trauma context (Jones et al., 2015).
The simulation scenario, in turn, lays out processes and provides guidance for using clinical simulation as a teaching
strategy, serving as a reference point for the faculty teams responsible for running simulations (Zuleta, 2023).

With respect to cognitive functions, the development of learning skills has been shown to encompass
working memory, processing speed, attention, and phonological processing, all of which are closely tied to
difficulties in calculation and problem-solving (Coello et al., 2023). Skills training takes place through repeated,
structured practice at stations, where students work in groups to develop sequences that strengthen visual and
manual memory as well as perception, optimizing their learning through feedback and enabling them to acquire
critical clinical skills by repeating tasks and correcting errors. This finding echoes Jefferies et al. (2024), who
concluded that memory is a defining feature of how students process, learn, and adapt to new information within
their environment, playing a central role in both learning and teaching. Drawing on cognitive load theory, simulation
pedagogy can therefore treat memory as a defining ingredient in the practice of skills development.

On this point, Barragan et al. (2017) noted that skills training consists of teaching that draws on a variety of
pedagogical, technological, and innovative tools to facilitate the acquisition of competencies, clinical simulation
among them, regarded as a strategy for meaningful learning. Clinical simulation relies on simulators and audiovisual
resources such as videos and presentations to recreate complex clinical scenarios and strengthen students’ visual
and kinesthetic memory alike, with the aim of increasing knowledge retention and improving problem-solving.
Similarly, Lapierre et al. (2022) proposed that technology-based instruction delivered before or during a simulation
activity is associated with greater cognitive load. Clinical simulation remains a fundamental technique that facilitates
the acquisition of skills and competencies through the use of materials, objects, and equipment known as
simulators, which are used to bring students closer to real-world situations.

According to Zuleta (2023), the simulation scenario lays out the processes of clinical simulation, involving
the creation of a detailed document that provides guidance for using clinical simulation as a teaching strategy and
serves as a reference for the faculty teams responsible for running simulations. The development of cognitive
processes (attention, perception, and memory) is essential to strengthening students’ clinical reasoning, and these
processes are enhanced through the repetition of tasks, the use of simulations, and the integration of high-demand
cognitive skills such as rapid decision-making and real-time problem-solving, all aimed at improving working
memory and the capacity for clinical analysis and judgment.

Mizare (2022), however, suggested that clinical simulation is closely linked to the development of clinical
competencies, concluding that this teaching methodology can serve as a valuable pedagogical tool during health
emergencies such as a pandemic. Romero et al. (2017), by contrast, defined working memory as one of the
executive functions responsible for preparing, executing, regulating, and adjusting behavior, emotion, and cognition,
noting that its optimal functioning, along with that of other cognitive processes, is considerably impaired in crisis
situations that affect people’s subjective and family well-being, as well as their developmental conditions and quality
of life (Ramirez et al., 2020).

Developing strategies that incorporate challenging tasks, visual materials, simulators, mnemonic devices,
and case analysis, together with formative-assessment tools and assertive feedback, serves to organize thinking,




prioritize information, and secure students’ active participation. The use of such strategies also provides a basis for
understanding how information is processed and stored across the different stages of the memory system. Sensory
memory constitutes the first stage of information processing, receiving and holding sensory input (visual, auditory,
tactile, and so forth) for a very brief period, from milliseconds to a few seconds; only a small fraction of this
information is then transferred to short-term memory (Atkinson & Shiffrin, 1968).

Working memory is important to develop, and intervention targeting this function should therefore be
promoted, given how few programs are currently devoted to this purpose. Within the field of cognitive stimulation
of executive functions, developing working memory through extracurricular activities not directly tied to the
traditional teaching model has been proposed; such activities include physical and artistic exercises that act as
cognitive reinforcers and have proven highly beneficial when incorporated into teaching (Riafio et al., 2018).
Challenging tasks, referred to as authentic tasks, consist of activities grounded in authenticity, reality, and cognitive
domains (Bautista et al., 2023). Visual memory, for its part, is the cognitive activity involving sensory perceptions
that underpins learning (Verzosi et al., 2024). Cognitive ability likewise emerged as a relevant construct, requiring
reflective individuals who understand information, evaluate it, and act accordingly, generating diverse and original
ideas that shape social environments characterized by well-being, justice, and equity (Frias et al., 2017).

Conclusion

Clinical simulation is directly associated with the strengthening of working memory, as it integrates cognitive
strategies, skills training, the development of higher mental processes, and contextualized practice scenarios. As a
pedagogical strategy, it fosters the acquisition and automation of clinical competencies through the repetition of
procedures in realistic settings, which improves information retention and the consolidation of automated
responses. Debriefing, or guided reflection following simulation, further allows decisions to be reviewed, errors to
be corrected, and both working memory and meaningful learning to be reinforced.

Skills training is structured around stations of repeated, sequenced practice, where students work
collaboratively to develop routines that strengthen visual and manual memory as well as spatial perception. This
approach, grounded in continuous feedback and error correction, facilitates the acquisition of critical clinical skills
through the progressive consolidation of behavioral patterns.

Clinical simulation makes use of high-fidelity simulators and audiovisual resources (videos, presentations,
interactive cases) to recreate complex clinical scenarios. This multimodal design engages visual and kinesthetic
memory simultaneously, optimizing knowledge retention and problem-solving capacity under conditions of
uncertainty.

The development of cognitive processes (attention, perception, memory, and reasoning) is essential for
enhancing clinical judgment. These processes are strengthened through the repetition of demanding tasks, the
integration of progressively complex simulations, and the practice of high-level cognitive skills such as rapid
decision-making and real-time problem-solving, all of which help improve analytical capacity and the efficiency of
working memory.

Maximizing these benefits calls for instructional strategies that combine challenging tasks, visual materials,
simulators, mnemonic devices, and clinical case analysis, supported by formative-assessment tools and assertive
feedback. Such an approach helps organize clinical thinking, prioritize relevant information, and ensure students’
active participation in their own learning process.
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