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Abstract

Background: Cognitive load is the mental effort required to perform a task due to demands on working
memory storage and information processing. In clinical training, the cognitive load can be high due to
the task complexity. Applying cognitive load management strategies may help educators support
trainees’ well-being, retention, and performance. Limited research exists on the translating cognitive load
management strategies with practical recommendations for enhancing clinical trainees' retention, well-
being, and performance.

Objectives: This scoping review aims to identify cognitive load factors and management strategies that
can be used to improve trainees’ well-being, retention, and performance in clinical training and practice.

Methods: We investigated the impacts of different cognitive load factors and management strategies on
trainees’ well-being, retention, and performance, through a scoping review with narrative synthesis. No
meta-analysis was planned. We followed PRISMA-ScR for search and screening. Databases (Embase,
MEDLINE, Web of Science, CINAHL) searched 18-19 February 2025; Google Scholar and hand-searches
updated 27 February 2026.

Results: We identified 8,395 records (Embase 110; Medline 124; Web of Science 188; CINAHL 66; Google
Scholar and hand searches 7,907). After deduplication, screening and full-text review, 125 studies were
included. Cognitive load management strategies were clustered here as (i) optimising intrinsic load via
task segmentation and part-task/step-up sequencing; (ii) minimising extraneous load via de-cluttering,
supportive environments and clear and concise instructions; (iii) optimising germane load via structured
feedback, worked examples, and appropriately staged simulation.

Conclusions: Cognitive load management strategies and institutional support may be important for
trainee retention, well-being, and performance in clinical training. By using evidence-based strategies,
healthcare systems may help trainees better manage cognitive load and improve learning and
performance.

Summary

Healthcare workers face substantial cognitive load, with limited research on practical strategies to
manage it and support clinical trainees' retention, well-being, and performance. Across diverse designs,
higher perceived workload is often associated with poorer well-being and intent to leave; effects on
performance vary by task complexity and expertise. Managing intrinsic, extraneous, and germane load
may be associated with better learning efficiency; links to well-being and retention are suggested but
heterogeneous across studies. Promising, but heterogeneously evaluated, strategies include deliberate
practice, structured instructional supports (worked examples, schemas, mnemonics), situational
awareness, reflection, and simulation. Organisational supports (e.g., protected time, leadership support,
workload redesign) are associated with well-being and, in turn, support performance.
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Introduction

Clinical training requires rapid information processing, multi-tasking, and high-stakes decision-making
conditions that can impose substantial cognitive demands on healthcare workers (HCWs). The elevated
stakes inherent in healthcare settings are often associated with emotional, cognitive and physical

k%3 in some cohorts. Estimates of

stresses, contributing to elevated burnout' and suicide ideation/ris
burnout vary widely by cohort, instrument, and period; for example, a meta-analysis reports ~ 37%
among medical students® while other cohorts show substantial heterogeneity (10-77%)>"2. Prevalences
varies by cohort, instrument, and period; putative contributors include workload, responsibility, and

exposure to morbidity and mortality on a regular basis.

HCW training has changed dramatically due to the coronavirus disease (COVID-19) pandemic, which
unfortunately leads to even higher risks of physical isolation, burnout, and suicidal thoughts for medical

trainees’®. In a cross-sectional study, personal protective equipment (PPE) availability, staff training pre-
redeployment, and provision of mental health support, were significantly associated with mental health
in 41 countries'®. This is likely related to higher risk for HCWs of being infected with respiratory

viruses'"12. Moreover, a 2022 paper'3 reported that intense increase in burnout (63% in 2021 vs. 38% in
2020, p < 0.001) and decrease in satisfaction with work-life balance (46% in 2020 vs. 30% in 2021, p <

0.001) occurred in US physicians. In the US'#, 1 in 5 physicians and 2 in 5 nurses who worked in the
COVID-19 response intend to leave their practice altogether in 2020. Burnout, fear of exposure, COVID-
19-related anxiety/depression, and workload were all independently related to intent to reduce work

hours or leave one’s practice within 1 year (all p<0.01)'4. Additionally, redeployment to new roles without
adequate training and lack of mental health support may increase the risk of burnout and suicidal

ideation in HCWs10.

Cognitive load refers to the amount of intellectual effort required to process information or stressors due
to demands on working memory storage and information processing'®. Cognitive load theory
distinguishing intrinsic (linked to the task itself), extraneous (external to the task or unnecessary for

completing the task such as environment) and germane (to facilitate learning) loads'®~"°. New
information is processed by bounded working memory capacity and duration, with learning supported by

schema formation in long-term memory for future use'”. Allostatic load is the cumulative burden of
chronic stress and life events. Practical stress-management approached are often advocated for normal

allostatic response?’~22 (Fig. 1); however, our review focuses on training design and system factors
linked to cognitive load. Competence is the inherent state of possessing knowledge and cognitive skills

to successfully perform a specific or range of tasks?3. It is often difficult to determine, and different
medical specialities have their specific criteria for evaluation. Certification (or licensing) is the method by
which external organisations formally recognise a provider and provide them appropriate authorisation

to manage patients, and tasks based the competence of the provider?3.
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Cognitive overload occurs when the overall cognitive load surpasses the working memory capacity of
trainees?*. During training, cognitive load of HCWs can be high due to the complexity of the procedures,
the amount of information that needs to be processed, and the stress of working in a high-pressure
environment. Cognitive overload and low perceived value are associated with poorer well-being and
training outcomes, with potential implications for patient safety'31416.2526 Cognitive load management
is described here as the proactive management of cognitive stressors to facilitate trainees’ wellness and
performance across the training period. Tokuno et al.?® implied that cognitive overload is more likely in
trainees performing more complex tasks and in high-fidelity environments and is more common among
less experienced trainees.

While cognitive load theory offers valuable insights into learning design, existing research has primarily
focused on specific educational settings or professions. This review aims to bridge this gap by
examining the cognitive load factors and management strategies associated with outcomes in HCW
training and practice. By exploring the interplay between cognitive load, well-being, retention, and
performance in this under-researched domain, this review contributes to approaches for supporting
HCWs. To reduce the likelihood of medical and surgical trainees leaving their profession and enhance
their well-being and performance, it is crucial to develop strategies to help these trainees manage their
cognitive load more efficiently. This review discusses cognitive overload and explores strategies for
cognitive load management during HCW training and practice.

Methods

A comprehensive plan for participant inclusion and exclusion, data screening, and collection was
established. This plan, outlined in Table 1, used a population, concept and context (PCC), and population,
intervention or exposure, comparison or control, and outcome (PICO) frameworks. Inclusion or exclusion
of studies focused on relevant population (HCWs), intervention (cognitive load management strategies)
and outcomes such as well-being (e.g., stress, burnout, anxiety), retention (e.g., job satisfaction and
likelihood of continued working as a HCW), and performance (e.g., clinical skills, clinical reasoning,
diagnostic accuracy, procedural competence, long-term application of learning, patient outcomes and
error rates).
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Table 1
Eligibility frameworks (PCC and PICO)

Framework Description

PCC: Healthcare workers/trainees (students, residents, fellows, nurses, allied
health)

Population

Cognitive load factors and management strategies strategies)
Concept
Clinical pedagogy. We included empirical studies (experimental,
Context quasi-experimental, observational, qualitative) and, a priori for scopin
breadth, select non-empirical sources (protocoIs/consensus/tutoriaIs%
when they explicitly addressed cognitive load therapy-aligned strategies
or measurement. No date or language limits were applied.

PICO: Clinical trainees (e.g., medical students, residents, nursing students, allied
health students, intern, fellow, consultant)
Population

I
(Intervention/Exposure)  Traditional clinical training methods (i.e., clinical training without explicit
cognitive load management strategies)

Cognitive load management strategies

C (Comparison)
Improved clinical skills, reduced errors, enhanced knowledge retention,
O (Outcome) increased confidence, HCW well-being, decreased stress/burnout,
improved patient outcomes, long-term competency and HCW retention
(with validated instruments)

Abbreviations:

PCC population, concept, and context.

PICO population, intervention or exposure, comparison or control, and outcome.

Research question: What cognitive load factors and management strategies are associated with
improved well-being, retention, and performance among trainees in HCWs clinical training and practice?

Review procedure: We conducted a scoping review guided by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for scoping reviews (PRISMA-ScR)?’, followed by
narrative synthesis. A narrative synthesis was selected to provide a broad overview and explore the
conceptual foundations and scope of cognitive load management in clinical training, rather than to
produce a narrowly focused, quantifiable estimates.

Rayyan-a web and mobile app for systematic reviews?® was used for this review. A medical librarian

refined the strategy and database selection (Embase, MEDLINE, Web of Science, and Cumulative Index
to Nursing and Allied Health, CINAHL). Full strategies for each database are in Additional file 1, including
Google Scholar and hand-searches. Two authors independently performed screening and full-text review
of the databases, with conflicts resolved by discussion, based on: a) Records published up until 27
February 2026; b) population: clinical trainees or HCWs; c) focus: cognitive load factors or management
strategies; d) outcomes: well-being, retention, and/or performance (skills, reasoning, errors, patient
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outcomes). Three co-authors charted data, corresponding to the columns in Additional file 2, and
conflicts were resolved through discussions.

Critical appraisal: No formal risk-of-bias appraisal (and meta-analysis) was performed, consistent with
scoping review objectives.

Synthesis: We grouped findings by cognitive load therapy construct (intrinsic/extraneous/germane) and
outcome domain, using inductive thematic mapping.

Registration: The scoping review was made pre-registered through the Open Science Framework
(https://doi.org/10.17605/0SF.10/VW9FN) on 26 November 2023, and last update on 27 February 2026.
No deviations from the protocol occurred beyond updating Google Scholar and a hand-search on

27 February 2026. Search strings, database additions and dates are in Additional file 1.

Results

The search strategy resulted in 8,395 records. Systematic searches were executed in Embase (n =110),
MEDLINE (n = 124), Web of Science (n = 188), and CINAHL (n = 66), on 18-19 February 2025. These were
supplemented by Google Scholar and hand searches (n =7,907) were completed on 27 February 2026
(Fig. 2). Google Scholar and hand-searches was limited to the first 500 records after deduplication. After
deduplication, 813 records underwent title and abstract screening, and 306 records underwent full-text

review. A total of 125 articles were included (Additional file 2; references 2°7°6, 16,5/-8788-110 31314,25111-

129 18,26,130-141 142-146) '\We found studies were predominantly from the USA (45), followed by Canada
(18), Australia (17), the UK (10), Germany (9), the Netherlands (7), and Denmark (4) by corresponding

author institution. Other countries are represented to a lesser extent (see Additional file 2).

In the subsequent sections, we investigate cognitive overload factors (Fig. 3) and strategies for
managing cognitive overload, including chunk-based practice with feedback, metacognition, situation
awareness, reflection practices, digital training: simulation and artificial intelligence (Al)-based
technologies (Table 2, Fig. 4-5).
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Table 2
Cognitive load management strategies in clinical training

Managing intrinsic load Fec‘:jreasing extraneous Optimizing germane load

oa
Gradually proceed from low-to  Provide learners with Introduce variability across tasks;
high- complexity task worked solutions prompt self-explanations
Proceed from low- to high- Part-task preparation Alternate tasks on varying patient
fidelity environments presentations
Chunk or part-task training Goal-free tasks completion ~ Encourage trainees to self-explain
Reduce task element Avoid providing redundant Create links between prior learning
interactivity by task repetition and split information with new knowledge

Adapted based upon work by Atkinson, Howie, van Merrienboer, Sweller and others 16719147

Chunk-based practice and training duration

One important strategy for managing intrinsic load is the use of deliberate practice or repetition with
focused feedback®®103114117 \yhich may impact performance®. Deliberate practice involves breaking
down complex tasks into smaller, manageable chunks and practicing each chunk exclusively (therefore,
managing the intrinsic load) before integrating them into the whole task'®~1%147_ For instance, complex
medical or surgical procedures can be segmented into discrete steps incorporating simplified task
structures, allowing trainees to master each component before progressing to the full operation to
enhance skill acquisition and retention®. Deliberate practice is a promising training method for
procedures such as ultrasound-guided vascular access and thoracentesis®®3%63. This approach helps
manage cognitive load by allowing trainees to focus on one aspect of the procedure at atime in a
flexible manner, rather than trying to process all the information at once. Although exact amount of
training needed to hone core skills is still unknown, multiple studies®%?%110.132148 haye indicated that
concise, focused training sessions ranging from several hours to multiple sessions can efficiently train
HCWs in hands-on tasks. The gradual incorporation of terminally branching schemes?® into training
programmes (i.e., adopting a step-by-step learning approach) may be associated with enhanced
diagnostic accuracy, minimised perceptual errors, and reduced cognitive load; thereby, improving clinical
decision-making. Furthermore, Yeo and Romero'4
sonography skills: extensive training, deliberate practice, and performance evaluation/feedback.

recommend three processes for acquiring expert

Metacognition

Metacognition is described as “thinking about thinking” and is the ability to be aware of one's own

thinking processes and to use this awareness to improve learning’#°~"°7. It involves monitoring one's
understanding of own thought processes, identifying one's strengths and weaknesses, and selecting
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appropriate strategies for learning’#°~1°1. Metacognition is an important skill for both trainees and
experts, and it can be improved with practice. Metacognition is not directly tied to either self-reflection or
a supervised process, although it can be related to both. Self-reflection constitutes a specific form of
metacognition, where individuals actively contemplate their own thoughts, feelings, and behaviours.
Supervised processes, on the other hand, can involve external guidance in shaping one's thinking. For
example, a senior physician might ask questions to help trainee understand their own thought process.
While metacognition can be effectively utilised within supervised settings, it is not inherently dependent
on them. The cognitive errors can be caused by several factors33°6, including personal, workplace, and
patient-related issues, which may impact trainees’ confidence and well-being. The metacognitive
processes could be tailored against factors associated with cognitive errors. Employing metacognitive
strategies, such as structured learning scaffolds and reflective practice on personal experiences, could

potentially promote anxiety management skills within nursing practitioners®.

Situation awareness

Chen et al. suggested that situational awareness is learnable and measurable task. They developed a
surgical adaptation of a validated situational awareness assessment technique®. Situational awareness
was divided into three domains: understanding (i.e., familiarity of operating room and role of different
team members in the operating room), attentional demand (stability, complexity, and demand of
operating room) and attentional supply (alertness, concentration, attention, and spare mental capacity).
Chen et al. found students/clerks have lower baseline situational awareness scores and higher
perceived complexity of a surgical procedure. Trainees’ situational awareness was significantly boosted,
particularly in the understanding domain, after the clerkship period (up to 18 weeks). However,

attentional demand and supply might require longer periods of clerkship training®’.

Reflection practices and leveraging prior knowledge

Morrill et al. studied prevalence and types of operative reflection practices among surgical residents in a
US hospital setting’®®. Three primary methods of post-operative reflection were mental, written, and oral.
Among these, mental reflection was the most common method including step-by-step mental rehearsal,
internal narration, and question series. For example, pre-operative 3D segmentation was reported to
enhance the accuracy of surgical planning and reduced the time required while optimising the cognitive

Ioad1 38,139

The combination of demographic and cognitive load variables produced more sensitive metrics to
predict ultrasound simulator performance in a proof-of-principle study from the University of Toronto®C.
In terms of acquiring ultrasound images, seasoned users fared better than novices. The two groups'
interpretations of the ultrasound images were similar. The degree of training, previous ultrasound

training, and cognitive load all predicted the performance of ultrasound image capture®. A nationwide
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Australian cross-sectional survey revealed five key factors that influence pedagogical approaches to
teaching ultrasound scanning skills, including limited protected teaching time, perceived skill complexity,
learner skill level and credentials, and avoiding overwhelming the learner, and patient well-being and

willingness to be scanned'®.
Digital training: simulation

During a simulation-based resuscitation programme*'-’8, trainees who used preparatory online courses
saw changes in cognitive load that were consistent with cognitive optimisation, which may lead to
subsequent superior performance. Preclinical simulation may be associated with student performance,
reduced clinical staff burden, and improved patient safety during early ultrasound training®®. Similarly,
one month after ultrasound simulation training*?, students showed a notable transfer of acquired
ultrasound skills, attaining an average score of at least 3 out of 5, indicating advanced beginner
proficiency in both complex psychomotor and patient-sonographer communication skills.

Access to robotic platforms during training varies across systems. Robotic surgery began in the US'*? in
the year 2000 and in Australia in 2003"°3. Surgical trainees in Australia’®® and the UK'** spend seven
years training; exposure can be inconsistent in some public settings. Some studies reported that virtual
reality simulation training for mastoidectomy may reduce cognitive load compared to traditional
cadaveric dissection for novices, underscoring the need to align modality, task complexity, and learner

level34-36,

Al-based technologies

Bostrom'°°

et al. identified several shortcomings in current training methods (a consensus from the US
leaders in Orthopaedic training programs). Firstly, training programs are not fully exploiting available
technologies and innovations to enhance the learning experience. Secondly, trainees are often using
electronic resources inappropriately, either without guidance or in the absence of a structured electronic
training program. Examples of potentially inappropriate electronic resources for medical and surgical
trainees include unreliable websites, educational websites authored by medical practitioners but lacking
peer review, and resources of low quality. Thirdly, training programs often fail to provide individualized
instruction to cater to the different learning paces and styles of trainees. Finally, formal electronic

learning programs can make better use of trainees' time and resources compared to informal learning

methods. In essence, Bostrom'®® et al. advocated for a more modern and effective approach to training

that incorporates technological advancements, structured electronic learning programs, and
individualized instruction to optimize the learning experience for all trainees. Interestingly, Turkish
medical students perceived that while Al-based technologies could assist physicians’ access to
information (86%) and reduce errors (71%), many of them (45%) were worried about the possible of
unemployment due to Al-based tools®3. An Al-derived knowledge recommender for radiology education
has the capacity to decrease reporting times, enhance diagnostic accuracy, and alleviate overall
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workload and mental strain for radiology trainees®’. Ambient Al platforms have also been reported to

reduce documentation burdens and self-reported cognitive load among HCWs; trainee-specific effects

require further study'4414%.

Workplace environment and demonstrable outcomes

The evidence suggests that feeling valued by one's organisation may be associated with several positive
outcomes'31426 including reduced burnout, improved job satisfaction, and increased patient

satisfaction. A survey from the US found that feeling valued by one's organisation was associated with

lower odds of reducing hours or intending to leave'*.

Discussion

By synthesising cognitive load factors and management strategies, this review provides a framework for
enhancing trainee well-being and professional performance. Our findings indicate that elevated cognitive
load is implicated in diminished HCW retention and well-being, correlating with heightened stress and
burnout, thereby increasing turnover and reducing job satisfaction '"3°78_ The relationship between
cognitive load and performance is more complex with a marginal positive association, suggesting
optimal cognitive load may enhance performance3%6*78: however, it is plausible that cognitive overload
can impair performance. Trainees should be informed of the risks due to high allostatic load, taking
precautions, and being prepared for the unexpected®2°. Existing evidence shows that some groups may
face additional competing demands that can contribute to cognitive overload. For example, poorly
performing students, who may need personalised and research-led interventions after clinical

examination failure’°®

, or female trainees and physicians who may experience additional competing
demands, such as breastfeeding at work and pregnancy related complications®’~1%°. Cogpnitive load
theory principles provide a coherent lens to interpret mixed performance finding across modalities and
learner levels'’~1%14/ These strategies can help trainees cope with the sudden changes in demands or

cognitive load and enhance their learning and performance.

.t65,‘l 03,114

Deliberate practice is characterised by repetition, feedback, and progressive refinemen and

enables learners to systematically and efficiently develop both technical and cognitive
competencies®®1%3. When combined with the streamlining of procedures from complex to simple,
deliberate practice enhances skill retention, may be associated with reduced cognitive overload, and
improvement of overall performance in clinical tasks®*>103140_Qur results highlight that deliberate
practice, which is goal-oriented, sequential, and tailored to the learner’s level, can help trainees adjust
their approach and improve their performance’®~1%0.147 Knowledge must be set up in your mind in a
flexible, accessible manner that is predicated on a sizable and connected body of clinical cases so that
HCWs can automatically recognise patterns based upon past experiences and commence strategies to
systematically and logically analyse data to solve clinical cases. For example, rash, tiredness, and
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restless legs may seem unrelated at first until a HCW consider gastrointestinal causes, which may imply
coeliac disease with secondary anaemia. Research indicates that learners benefit from a stepwise,
scaffolded approach, transitioning from low-fidelity to high-fidelity simulations and gradually increasing
task complexity as competency improves®%8%193 Streamlining procedures for reduction of extraneous
cognitive load include use of goal-free tasks, worked examples, and completion problems'®. Research
has demonstrated that distributed practice results in superior retention of psychomotor skills compared
to massed practice (all practices performed in 1 day), as regular reinforcement facilitates the gradual
consolidation of both motor and cognitive components2>26. Time-distributed practice consistently
outperforms massed practice, especially for complex psychomotor skills, as it enables learners to refine
their performance over multiple sessions rather than relying on an intensive, single-session
approach3°3

Effective medical education frequently relies on structured instructional frameworks incorporating
mnemonics, case-based learning, and modular, interactive educational designs to enhance skill
development and knowledge retention. Interactive educational designs can integrate simulation-based
learning, spaced learning, and test-enhanced learning methodologies to optimise long-term retention and
cognitive efficiency3'3386141 Early integration of clinical reasoning instruction in medical school can
improve clinical performance by familiarising students with diagnostic frameworks, structured decision-
making, and the real-world application of knowledge®3. This approach not only strengthens clinical
interpretation skills but also enhances confidence and preparedness in patient care settings. However,

increasing instructional authenticity may not consistently improve clinical reasoning performance across

all outcome measures and subject areas®?.

Case-based learning (CBL) is a highly effective instructional method that improves diagnostic accuracy
and medical interpretation skills>®°8126_Research indicates that the use of CBL in combination with
expert-generated schemas significantly enhances clinical interpretation, particularly in complex areas
such as ECG rhythm analysis*®. By engaging with realistic patient scenarios, students can develop a
systematic approach to problem-solving, reinforcing both theoretical knowledge and practical
application.

Situational awareness is important for managing cognitive load via optimising germane load and honing
procedural skills®!1%6160 Team-based learning, by harnessing situational awareness, can support
cognitive load by allowing trainees to share the load of learning new information and skills. Medical and
surgical trainees are usually intrinsically motivated and can monitor their cognitive processes in action
(e.g., self-reflect for biases or errors in their reasoning to amend them) by optimizing their germane
load'®719147_ By reviewing the recorded training sessions (self-assessment), HCWs can address
procedures/techniques where they may have struggled or made errors to become more proficient in the
respective techniques. During reflective training, residents can review their interactions with other team
members and identify areas where they can improve their communication and teamwork skills. Prior
self-directed and experiential learning (such as surgical observership or volunteering) makes the trainee
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comfortable with the operating room environment. Prior knowledge is important in enhancing the
efficiency of learning, alleviating cognitive load, and optimising performance across diverse domains
within medical training?%4%°1:546592117.126 |ndividuals with extensive expertise and prior experience
exhibit superior performance in skill-based tasks, such as the acquisition of ultrasound images and the
management of airways?>2%32_Medical training should be designed to effectively manage cognitive

demand in accordance with learners' levels of expertise®%198. Novices and experts process information
in distinct ways, necessitating tailored instructional strategies to optimise learning, enhance
performance, and mitigate cognitive overload. While novices benefit from structured guidance and
immediate feedback within controlled environments, experts derive greater value from challenging, error-
based learning and opportunities for delayed reflection to refine their decision-making capabilities*>6>2.
Situational learning is a subjective measure, and triangulation with objective techniques may strengthen

inferences.

Simulation training provides a safe environment for trainees to practice history taking, physical
examination, surgical procedures and develop the processes and strategies of clinical reasoning without
the risk of harming patients. By allowing trainees to practice in a controlled setting, simulation training
may reduce the cognitive load associated with patient encounters or when performing surgery for the
first few times, which can eventually help them become more confident and competent in their abilities.
Despite this, the simulated learning environment presents a complex and cognitively demanding
scenario, necessitating careful consideration of the learner's prior experience in managing cognitive
load31:34-36.38,39,41,44,49,54,58,61,62,70 gjmulation and prior clinical observerships may further enhance
trainees’ performance through harnessing situational awareness, along with deliberate practice and
structured micro- or bio-breaks?%°"11°. The use of simulated patient encounters (or cases) and

simulation-based training for procedural skills (e.g., ultrasound®') during the pre-clinical years or in early

specialist training period?

may accelerate early skill acquisition before clinical application; effects on
training duration are unclear'®3. Simulation can help to manage extraneous cognitive load'®2°.
Pedagogical strategies incorporating time-distributed practice and virtual reality simulation demonstrate
potentially fostering the sustained retention and reinforcement of complex psychomotor skills, notably
those essential for the performance of mastoidectomy®>26. Although more cognitively demanding and
time-intensive, students reported gaining a deeper understanding of complex tasks within simulated
clinical immersion compared to simpler tasks. These experiences pose additional challenges to clinical
reasoning, ultimately offering a more enriching and valuable learning experience from the students'
perspective'?’. Moreover, simulation-based deliberate practice in procedures such as airway
management and central venous catheterisation may be associated with lower error rates in some
procedural settings®%®°. By integrating simulator-based training with real-time feedback, trainees can

likely refine their skills in low-risk environments before applying them in clinical settings®%14°.

Digital training (e.g., online medical courses and surgical simulations) may enhance trainees’ situational
awareness and optimise germane load'®2%51.119.133141 gne important benefit of digital learning is the
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opportunity to provide students with immediate feedback and/or adapt the learning content to the
learning ability of students. For example, some students might get exhausted faster than the others and
the same student might also have different learning ability over days. As such customising these
learning processes to make it adaptive and personally relevant would make it less cognitively intense.

Cognitive load may contribute to simulation-based learning failures’® and further research is needed to
determine how this understanding should inform simulation design. Integrating cognitive load measures
into ongoing simulation research could quantify the theory's relevance to our field and provide an

additional framework for interpreting emerging findings’°. Al-based platforms may support physicians

and trainees who are struggling with time management due to documentation requirements®3144145 yj

summarising individual electronic health records. However, large language models encoding clinical
161

a

knowledge could also trigger unwarranted stress of misdiagnoses or unnecessary interventions

External factors such as information retrieval, interruptions, reporting software, and time pressure may
contribute to extraneous load especially in cardiology trainees*’. Shared workspace, access to
attendings, and availability of final reports foster germane load*’. Creating a positive learning
environment may support HCW training, as it helps to enhance learning outcomes and improves the

overall quality’®°1. Physicians and medical students are more likely to make mistakes if they are hungry,

angry, late, or tired*°

. Another key strategy for mitigating this is implementing safety breaks, which
address both physical, cognitive and emotional depletion. Simple strategies such as hydration
reminders, structured rest periods, and workplace policies that prioritise staff well-being can likely
improve performance and job satisfaction?%40.

HCWs who experience emotional exhaustion, detachment from work (depersonalisation), and a

diminished sense of personal accomplishment, may have higher attrition rates and a potentially decline
in the quality of patient care'32%581 Workshops and interventions focusing on workload management,
mindfulness, and structured breaks are important in creating sustainable learning environments and
enhancing resilience among HCWs and students®®. Addressing these challenges through targeted
strategies can potentially mitigate burnout, reduce stress-related errors, and improve overall job

satisfaction'®*. It is important to measure baseline values and monitor the state of HCW well-being to
identify at risk HCWSs, and likely support them with a certified physician assistant, trained peer team and

mental health experts®®. There are several ways to measure HCW well-being. Some common measures

include self-reported surveys and biomarkers to assess the physical and psychological effects of stress.

162

These surveys'®~ ask HCWSs about their levels of stress, anxiety, depression, and other mental health

problems. Likewise, it could be useful to measure cognitive load during procedural skill training '3 to

better manage cognitive load and stresses in training period. It's important to prioritise evidence-based
surveys and technologies tailored to the local training context.

The HCW mental health is complex and requires a comprehensive approach involving stakeholders at all
levels of the healthcare system. At the individual level, junior HCWs can learn adaptive coping skills
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through cognitive behavioural therapy and mindfulness techniques®®''2, and they should be provided
with specialised mental health services®'. Senior HCWs can reinforce adaptive coping skills in their
junior colleagues®’. Retiring HCWs should be given appropriate preparation for retirement and be offered
ongoing roles in teaching and training®. At the institutional level, medical schools can teach students
effective coping skills and normalize help-seeking behaviour®!. Hospitals and health systems can
support administrative burdens, ensure workplace autonomy, and provide job security for HCWs®, by
focusing on interventions such as leadership development, strategic recruitment, and adequate staffing
and resources'%4. Professional colleges and external regulators can consider implementing individually
focused interventions such as offer personnel selection for supervisory roles, mandatory reporting rules,
flexible leave arrangements, and work hours and shifts, where feasible8’. The consensus statement®’
from New Zealand and Australia recommends that medical schools promote student well-being through
peer support, stress management, mental health promotion, physical health promotion, and a safe and
health-promoting learning environment. In addition, implementing policies that aim to increase financial
rewards, offer opportunities for professional growth, promote flexibility, and build employees’ strong ties
to the community may help to enhance HCW retention®®.

Institutional interventions can complement individual coping strategies and help HCWs manage stress
more effectively’%. HCWs may benefit from relaxation techniques (such as mindfulness-based
practices, yoga, meditation, and acupuncture) and having a positive mindset®>6%/3112 Byrnout-
awareness workshops equip HCWs with the tools to recognise early warning signs and adopt preventive
measures, such as maintaining a work-life balance, utilising peer support systems, and adjusting
workloads?6°>104 High levels of stress in students, arising from uncertainties in medical management,
can negatively impact their cognitive processes’®. However, familiarity with the practice setting,
anticipation of challenges, debriefing sessions, the provision of a safe learning environment, and future
training opportunities can help students manage stress effectively, thereby transforming simulations into
positive learning experiences®!880.124123131 consequently, by integrating these approaches into
professional development programmes, healthcare institutions can prevent burnout and improve
workforce retention. Mental rehearsal practice may be associated with improved procedural
performance®, likely reducing stress by enabling individuals to visualise complex procedures or
decision-making scenarios. Mindfulness-based interventions have demonstrated efficacy in reducing
burnout by enhancing attentional control, emotional regulation, and stress resilience26:>560.73.112,
Research indicates that mindfulness training diminishes medical errors, improves decision-making under
pressure, and promotes overall well-being®>'"2. These interventions can be seamlessly incorporated into
daily routines or delivered through structured formats such as workshops, guided reflection sessions,
and stress management programmes, thereby fostering long-term resilience among healthcare
professionals. When trainees and medics use their skills and knowledge to make a positive difference in

the lives of others, they may find happiness and fulfilling life®>>73.
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This review is not without its limitations. The task of interweaving cognitive load, well-being, and
performance into a cohesive review proved challenging. We sought to reduce retrieval bias by including
four databases and Google Scholar/hand-searches; however, publication bias cannot be excluded. There
is a possibility that we may have unintentionally overlooked relevant studies that did not employ specific
keywords associated with cognitive load and well-being. This oversight could result in a less
comprehensive grasp of the existing evidence, potentially skewing our understanding of the relationship
between the factors identified and the success of trainees.

Conclusion

The cognitive load theory inspired strategies may support HCWs to enhance their well-being, learning
and performance, by using deliberate practice, instructional frameworks (structured learning,
mnemonics, and case-based learning), situation awareness, reflection practices and digital training.
Resource levels, staffing models, case-mix, and sociocultural factors likely moderate both cognitive load
and intervention effectiveness, although standardised measurement and trainee-centred outcomes
(well-being/retention) remain under-studied. To ensure a more global perspective and help reduce
avoidable sources of cognitive overload and support well-being, further research on cognitive load
factors and management strategies is necessary, particularly from underrepresented regions such as
Asia, Africa, South America, parts of Eastern Europe, the Middle East, and Oceania beyond Australia.
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Figure 3

Potential cognitive overload factors in healthcare settings.

Created with BioRender.com, 2026. Adapted based upon work by Atkinson, Howie, van Merrienboer,

Sweller and others

€
=

N

Cognitive load management strategies

16-19,55,147,166

Non-digital approaches

(Individual level

e Chunk-based practice

o Situational awareness
Reflexion practices
Part-time status
Prioritising and delegating tasks
Relaxation and positive mindset
\_ training (e.g., meditation, yoga)

J

—>

G SR
Organisation level

¢ Fair targets and duty hour limits

* Support for using electronic
medical records

¢ Flexible employments including
part-time and remote work

¢ Routine trainee physical and
mental health checkups

¢ Provide at-risk individuals with
access to physician assistant,
peer support, and mental health

__ experts

N

P

Sensory signal acquisition and

processing

l Filter
Limited

Working memory
capacity and duration

Storageand |.___. » Loss of
retrieval information

Long-term memory

v

Reinforcement is key

Digital approaches

(Individual level

e Simulation-based cases

« Virtual reality and robotic
surgery

« Artificial intelligence tools (e.g.,
Med-PaLM by Google)

e Training apps or games

\

( Organisation level

¢ Support for adopting telehealth
services

 Prioritise digital capabilities for
care delivery, new models, and
in all clinical training pathways

¢ Increasing the budget for digital
services to provide professional
clinical support and specialist
referrals; thereby, reducing
clinical isolation for rural and

| remote healthcare professionals

5
~

g

Figure 4

Cognitive load management strategies in healthcare settings.

Created with BioRender.com, 2026. Adapted based upon work by Atkinson, Howie, van Merrienboer,

Sweller and others

16-19,55,147,166

Page 29/31



Demonstrable Key actors Impact

outcomes
(G )
Individual f |
Performance
Increased awareness
—> of mental health issues
- A y, and reduced stigma
Well-being and
performance Medical schools and

drive retention

health systems J

,—Lf—'—\rjﬁ

B \ 4 3 A culture of wellness
\— and resilience in the
. medical profession
Well-being Professional colleges
and licensing bodies . J
. J

Call for individual and
organisational changes to Ikigai in medicine
improve workplace health

Burnout is an occupational
hazard, not individual fault.
Assessment is key.

E—

Figure 5

Potential key actors for promoting wellbeing and excellence in healthcare settings.

Created with BioRender.com, 2026.

Supplementary Files

Page 30/31



This is a list of supplementary files associated with this preprint. Click to download.

e 12.03.2026Additionalfile1searchstrategy.xlsx
e 12.03.2026Additionalfile2selectedarticles.xlsx

Page 31/31


https://assets-eu.researchsquare.com/files/rs-9108201/v1/962a03a588e668271b47f4d6.xlsx
https://assets-eu.researchsquare.com/files/rs-9108201/v1/4cbbd3aed9ee8445b069b5b1.xlsx

