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The World Economic Forum identified complex problem solving, critical 
thinking skills that facilitate it and creativity as the top skills needed in 
2020 and beyond.[1] Critical thinking broadly consists of three components, 
i.e.  information, processing (thinking) skills and the habit of using the 
processed information to direct behaviour.[2] In the health professions, 
the ability to gather information and evaluate associated assumptions 
and evidence to guide courses of action are key to preventing and solving 
problems.[3] Numerous studies reported that high-fidelity simulations are 
useful to improve critical thinking, decision-making, confidence, all‑round 
communication skills and readiness for practice,[4-6] and in medical and 
nursing education, it is extensively used to link classroom teaching to 
clinical practice.[7-10]

The essence of simulation-based education in healthcare is to expose 
students to real-life situations without the risk of harming patients, while they 
pursue specific learning outcomes.[11,12] The innate authentic nature of high-
fidelity simulations can however profoundly increase students’ cognitive load, 
which may affect their learning experience and clinical performance. The 
incorporation of cognitive load theory (CLT) to facilitate the development of 
simulations that consider the cognitive interplay between working memory 
and long-term memory to optimise learning,[13] is therefore indicated. CLT is 
based on the principle that a person’s working memory – the part concerned 
with learning and problem solving – has a limited capacity when dealing 
with novel information. However, when the working memory can access 

appropriate information stored in the long‑term memory, its capacity seems 
to be limitless.[14] Students’ total working memory load or cognitive load 
consists of the sum of the intrinsic cognitive load and the extraneous cognitive 
load. Intrinsic load (IL) refers to the inherent difficulty of the information 
or simulation, while extraneous load (EL) mostly refers to suboptimal 
instructional design factors that do not enhance learning.[15] Should either 
one or both components exceed working memory capacity, learning will be 
impaired. In developing simulation scenarios, educators should therefore 
consider the inherent difficulty of the scenario and increase students’ working 
memory capacity accordingly by way of populating their long-term memories 
with the necessary information prior to the simulation.[15] Several interacting 
scenario elements that need to be considered simultaneously during the 
simulation, should preferably not be based on skills not yet mastered,[15] and 
a simulation requiring e.g. clinical reasoning, decision-making and complex 
communication, should be written around radiographic procedures that 
students can competently perform without much thinking. It is, however, 
also true that a slightly excessive cognitive load often results in associated 
increased learning,[14] and educators’ challenge is to find the balance between 
an increased cognitive load that stimulates and motivates students and one 
that impairs learning.[15]

This article reports students’ responses in terms of problem solving 
and new insights following the incorporation of CLT into a high-fidelity 
simulation specifically designed to facilitate critical thinking. Prepopulation 
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of students’ long-term memory banks and their working memories’ 
problem-solving abilities during the simulation are described, insights that 
emerged during post-simulation reflection are discussed and shortcomings 
and future research needs are identified. The simulation scenario itself and 
timing of the different interplaying elements are detailed elsewhere.[4] 

Methods 
A qualitative descriptive design[16,17] was used and data were collected by 
means of two video/audio recordings of the simulation and reflection session, 
supported by four critical observers’ notes and the educator’s observation 
notes. Data were analysed through qualitative content analysis.[16] Whereas 
multiple sources verify the data, and descriptive and interpretive validity 
is enhanced by the nature of the qualitative descriptive study design,[18] 
the researcher’s educational involvement and lens are acknowledged to be 
considered by the reader.

Context
The simulation was conducted in an on-campus high-fidelity simulation 
laboratory and involved 80 radiography students in the first month of their 
second year. As part of their educational programme, all 80 students were 
actively involved in the presimulation scaffolding of knowledge, skills and 
attitudes, and all received information regarding the research study and 
what participation would entail. All were told they could withdraw from 
the study at any time and that non-participation would not disadvantage 
them. Ten students volunteered and signed informed consent to participate 
in the simulation and be video/audio recorded. Students were assured that 
all recorded material would be kept safe and confidential as research data.

Preparation
An interprofessional, stress-loaded, multicase simulation scenario was 
designed to target specific learning outcomes, i.e. multilevel communication, 
teamwork and prioritisation. Students did not receive explicit lectures on the 
outcomes – these were at best only implied through the hidden curriculum 
of various modules. As these higher cognitive skills incorporated various 
interacting elements and involved some problem solving, it constituted a 
high IL that required thorough preparation of students’ long-term memory 
banks with basic knowledge, skills and attitudes. This would expand 
students’ working memory capacity to allow optimal consideration of all the 

interacting elements and problem solving required during the simulation. 
Table  1 shows the preparation process that was scaffolded over 3 weeks. 
Offering strategy and content considered the limited capacity of the working 
memory to deal with new information, and both started with the simplest 
information, escalating in complexity over time.[13,14]

Small-group discussions are powerful social learning platforms and groups 
consisted of 5 students who each received clinical training in different settings, 
resulting in discussions that represented rich conglomerations of clinical 
experience, underpinned by the academic content addressed during the 
previous weeks. Considering the broad definition of critical thinking, which 
contains the components of information, thinking about (discussing) the 
information, and allowing the thinking (discussing) to direct decisions and 
actions,[2] students were well prepared for the simulation once they progressed 
through the scaffolding steps.

Simulation
Five days prior to the simulation, the 10 volunteering students were 
briefed. Table 2 shows how prebriefing minimised their EL, which would 
not contribute to learning. Table 2 also indicates the different roles that the 
students fulfilled. Detail about the simulation scenario and the tasks to be 
performed was unknown to the participants until the simulation started.

Primary simulation tasks entailed chest and elbow imaging, but learning 
outcomes involved secondary tasks, such as multilevel communication, 
teamwork and prioritisation. Anchoring the scenario on first-year projections 
considered two CLT facts: (i) working memory capacity is limited unless it 
can draw knowledge and skills from long-term memory;[14] and (ii) primary 
and secondary tasks use working memory as a cognitive resource. Resources 
for secondary tasks therefore depend on resources remaining once primary 
tasks are completed.[19] As preparation, prebriefing and choice of primary tasks 
aimed to avail most of the students’ working memory capacity for secondary 
tasks, the simulation IL was increased to mimic a realistic situation in the 
casualty department of a small hospital in South Africa (SA). A  range of 
events presented the 3 student radiographers with several interacting elements 
and an array of problems that required critical thinking. Table 3 shows the 
elements that increased IL, problems that emerged throughout the simulation 
and critical thinking components that were needed to address each. The 
emotional impact of the simulation on individuals and students’ personal 
coping strategies is not included. 

Table 1. Cognitive load theory and presimulation preparation of 80 students’ long-term memory banks
Scaffolding steps before 
simulation, weeks Learning mode Offering strategy Content Purpose 
4 Synchronous Classroom discussions Chest and elbow imaging Revision of first-year syllabus 

NAT in paediatric patients Introduction of new content 
3 Asynchronous Readings, videos, 

website links posted 
onto university’s learning 
management system 

Additional trauma chest, elbow and 
NAT image appearance information 
and procedural guidelines when 
sensing possible NAT cases 

Preparing students for confident 
and knowledgeable participation in 
forthcoming small-group discussions 

1 Social Small-group discussions 
of worksheets posted onto 
learning management 
system

Trauma chest, elbow and NAT images 
with probing questions 

To clearly indicate to students their 
learning goal, provide an opportunity to 
relate their existing knowledge to new 
information, focus their attention on 
important aspects and stimulate critical 
thinking through challenging questions 

NAT = non-accidental trauma.
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Ethical approval
The educational study obtained ethical clearance from the Research Ethics 
Committee of Faculty of Health Sciences of the host university (ref. no. 
REC-01-71-2016), where the researcher was a radiography educator who 
used simulation to achieve active student involvement that embraces 
thinking about, understanding of, and thus learning of curricular content. 

Results and discussion
Results are presented and discussed in the acceptable qualitative tradition, 
alongside literature references and participant quotations. 

Critical thinking and problem solving during simulation
The 10 radiography student participants represented 3 cultural groups and 
6 clinical training centres. There were 2 males and 8 females – all were 
>18  years old. There were 2 role-play nurses, 1 played the baby’s family 
member, 4 served as critical observers and 3 remained student radiographers. 
Qualitative content analysis of the simulation video/audio recording, 
supported by the educator’s observation notes, focused on a close and low 
inference description of the content.[16] Primary simulation tasks, i.e. low IL 
chest and elbow imaging, were performed well. Performance of secondary 
tasks and progression towards the learning outcomes are described in the 
following paragraphs.

Critical thinking occurs when students are motivated and challenged to 
engage in higher-level thought processes.[20] The simulation was therefore 
developed to spark students’ interest and enthusiasm by incorporating 
high IL secondary tasks, presenting multilevel communication, teamwork 
and prioritisation problems as challenging elements. Competent clinical 
reasoning, decision-making and reflective problem solving are sub-
components of critical thinking,[21,22] and where problems were adequately 
solved, it is accepted that students engaged in critical thinking. 

Multilevel communication
Communication challenges required students to adapt their communication 
styles between patients, a family member, nurses and a doctor. They found 
the non-routine task of communicating their image observations to the 
doctor challenging but necessary, owing to the radiologist’s absence. 
Students’ knowledge regarding chest and non-accidental trauma image 
appearances and complications equipped them to communicate the adult’s 
tension pneumothorax and the baby’s fractures with its implications 
accurately, resulting in prompt, appropriate management. Communication 
with nurses and the family member was professional, but minimal with 

‘patients’. As the patients were manikins, it could have contributed to 
this shortcoming; alternatively, students may have over-focused on other 
scenario elements. 

Teamwork
Intraprofessional team collaboration (among student radiographers) was not 
optimal. Students seemed unsure of who-should-do-what and much time 
was initially wasted by incoherent actions. However, once the second patient’s 
imaging started, workflow improved. The simulation introduced students 
to the concept of interprofessional team collaboration (among all staff) to 
mutually pursue optimal patient care. While they seemed to have fitted into 
this expanded dimension relatively well, the reflection session revealed that 
much learning took place in this regard.

Prioritisation
Students found prioritisation of patients and imaging requests the 
biggest challenge. They ignored several requests for the baby’s chest 
imaging while they were busy with the adult’s elbow and only responded 
after a final urgent call from the nurses, indicating immediate need of 
radiographs. On the positive side, students did consider the benefits and 
risks of imaging the pregnant adult (and fetus) and promptly proceeded 
with chest imaging. 

Regarding all these targeted learning outcomes, students applied 
their existing knowledge, skills and attitudes, made decisions and acted 
accordingly. All three components of critical thinking were thus used to 
address the various problems that arose, even though not all actions were 
optimal at all times. 

Post-simulation reflection and critical thinking
Reflection (debriefing) immediately after a simulation is considered the 
most important component of a simulation, as it consolidates learning 
that (often subconsciously) took place during the simulation.[23] It allows 
students to develop new insights that direct their future performance as 
a result of learning through experiencing.[24] It is a vital cognitive step 
in the critical thinking process, as the identification and evaluation of 
what did/did not work are essential to improve knowledge and problem-
solving skills.[27] 

To limit unintended bias resulting from the educator’s expectations and 
to ascertain whether students can come to new insights by themselves, 
post-simulation reflection was led by the 4 critical observers, and formative 
educator input was minimal. To assist them, observers were each given an 

Table 2. Cognitive load theory and prebriefing of 10 simulation participants
Factors increasing extraneous load Strategy to minimise extraneous load Effect 
Stress and anxiety during simulation Students invited to familiarise themselves with the fictitious 

scenario setting, available equipment and accessories in the 
simulation laboratory 

Students were prepared in terms of venue layout, 
capabilities and limitations of equipment and 
accessories 

Students informed of 10 roles to be filled: 3 student 
radiographers, 2 nurses, 1 patient family member and 
4 critical observers
They decided who would take up which roles 

Students could imagine possible role nuances, and 
a sense of self-determination was introduced 

Students informed of time frames of different components: 
simulation, image interpretation and reflection 

Students knew in advance what their participation 
would entail 

Students received aim and objectives of simulation Students could anticipate possible challenges 
incorporated into the scenario 
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observation guide, as well as the simulation aim and objectives to focus their 
observations during the simulation and to guide the reflective discussion. 
The 10 radiography students contributed to the reflection from their 

personal radiography contexts. Findings are based on content analysis of 
a video/audio recording of the reflection session, supported by the critical 
observers’ notes. 

Table 3. Cognitive load theory, emerging problems and critical thinking
Elements that increased intrinsic load Emerging problems Critical thinking components
Scenario staged on Sunday morning, 
03h00 

Limited staff, qualified radiographer 
elsewhere  
Students expected to function 
autonomously regarding full range of 
imaging responsibilities 

Embedded knowledge, skills, attitudes 
Thinking about it in current context 
Making appropriate decisions 

No radiologist Students expected to comment on X-ray 
images 

Embedded image evaluation and interpretation knowledge 
and skills 
Applying it to displayed images 
Making appropriate judgements about commenting to doctor 

Setting: casualty department with 
1 mobile X-ray unit 

Routine projections may need 
adaptations according to patients’ 
conditions 

Embedded knowledge, skills, attitudes 
Applying it to current context 
Adjusting routine procedures to ensure optimal care 

2 patients needing simultaneous imaging Students to consider urgency of adults’ 
chest and elbow v. baby’s chest 

Embedded knowledge, attitudes 
Applying it to current patients’ clinical history and conditions 
Prioritising to promote optimal care 

1st patient: adult, 38 weeks’ pregnant, 
involved in high-impact motor vehicle 
accident (chest and elbow) 

Students to consider benefits and risks 
of irradiating pregnant patient and fetus 

Embedded knowledge, skills, attitudes 
Relating it to clinical condition of adult and fetal development 
plus benefits and risks to both – in case of imaging and non- 
imaging 
Applying techniques to limit fetal radiation 
Making appropriate decisions to promote optimal adult 
and fetal care 

Adult’s chest image indicates tension 
pneumothorax 

Potentially fatal, needs immediate 
management 

Embedded knowledge regarding recognition and implications 
of tension pneumothorax 
Applying it to current context, realising doctor is occupied 
but needs to be informed urgently 
Communicating imaging outcome appropriately to facilitate 
optimal care 

2nd patient: 18-month-old baby (chest) Baby’s condition serious and 
deteriorating, causing stress to all staff 
Students to continuously act 
professionally 

Embedded knowledge, skills, attitudes 
Applying it to current situation 
Making conscious decisions: demonstrating confidence, 
competence and control 

Baby’s chest image indicates several rib 
and clavicle fractures in various healing 
stages 
Previous lower-extremity images 
indicate metaphyseal fractures 

Injury combination highly suggestive 
of NAT 
Students expected to realise implications 

Embedded knowledge regarding recognition of injuries 
and possible implication of injury combination 
Applying it to current context, realising doctor may not 
immediately realise implications 
Communicating observation and possible implications 
appropriately to facilitate optimal care 

Baby’s family member disrupts 
imaging, challenging students’ patience, 
communication skills and general 
professional demeanour 

Students to continuously act 
professionally 

Embedded skills, attitudes 
Applying it to current situation, realising possible legal 
implications of suspected NAT case 
Acting appropriately and communicating professionally 

Both ‘patients’ were high-fidelity 
manikins, producing realistic verbal 
sounds: adult moaning and baby crying 

‘Patient’ distress sounds can cause stress 
in students 
Students to continuously act 
professionally 

Embedded skills, attitudes 
Applying it to current situation 
Acting professionally 

Real-life, casualty unit, additional 
‘patients’, heart-rate monitors, 
ringing telephones and verbal staff 
communications 

Authentic clinical environment and 
realistic distracting elements challenged 
students’ professionalism 

Embedded skills, attitudes 
Applying it to current situation 
Acting professionally: displaying general team coherence 
aimed at optimal patient management and care 

NAT = non-accidental trauma.
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Observers initiated the discussion by highlighting positives and negatives 
regarding basic radiographic skills, after which they addressed higher-
order skills required during the simulation. Group cohesion seemed strong, 
students appeared to feel safe to reflect honestly and did not try to defend 
their less ideal decisions, but rather explained their thoughts. As they 
were from different clinical settings, a variety of perspectives emerged, 
resulting in widening everyone’s outlook on how to recognise sub-optimal 
decisions and adjust future approaches appropriately. The simulation was 
designed to challenge students in terms of communication, teamwork and 
prioritisation, and most of the dialogue fitted into these targeted learning 
outcome categories, with evidence of a fourth category, i.e. situational and 
mental preparedness. 

Communication
The imaging team spontaneously admitted their lack of patient 
communication and ascribed it to the intenseness of the scenario. This 
suggests that their working memories were slightly under-capacitated to 
cope with all the scenario elements: 

‘… you just think, you don’t explain to the patient …’[4]

Teamwork
The group realised the need for imaging team members to decide beforehand 
on who-should-do-what, to prevent haphazardness:

‘I was confused … I did not know what to do first, if it will be ok.’

The two who role-played nurses provided additional nursing perspectives 
towards the inter-professional team collaboration concept:

‘This scenario made me appreciate other people’s professions …  the 
nurses have a lot on their shoulders …’[4]

It was also realised that optimal patient care requires different teams to assist 
each other: 

‘Next time … when the doctor is busy with the patient, I will think to give 
her the lead apron to carry on with her work – this is something I was 
never thinking of before.’[4]

Prioritisation
Students admitted that the situation that prompted them to interrupt the 
adult’s elbow imaging in favour of the baby’s chest, was new to them:

‘I was not sure if we could, if we could not, as I have never been in that 
situation before.’[4]

Prioritisation with its implied responsibility was much discussed, and 
students started realising the importance of thinking about multiple 
simultaneous imaging requests and the role of imaging in the immediate 
management of different patient conditions:

‘… now I know the importance of decision-making … I will think about 
a decision … what should be done first.’[4]

Situational and mental preparedness
An additional learning outcome echoed by the whole group, was that of 
situational and mental preparedness:

‘These things happen for real. If you are not used to such scenarios, you 
always gonna be chilled …  The reality is we need patients like this to 
prepare you mentally.’[4]

Teaching strategies that allow students to think about learning content 
are vital to understanding it, and active engagement with learning content 
instead of passive listening to a lecture, cultivates critical thinking.[25,26] 

The emergence of the untargeted learning outcome, as well as discussions 
around the three targeted outcomes, indicated the presence of  the 
three basic critical thinking components during the reflection session. 
All students had knowledge of the simulation happenings, thought about 
it, discussed it in relation to their prior knowledge and  expertise, and 
came  to new insights that will affect their future behaviour in similar 
situations:

‘Like now, we kind of learnt what to do. We’ve seen what – like – most 
people [in the team] think about it.’[4]

Conclusion
CLT was applied in the preparation and execution of a high-fidelity simulation 
that aimed to achieve the learning outcomes of multilevel communication, 
teamwork and prioritisation. Several problems related to these outcomes 
were embedded in the scenario and required critical thinking for solving 
strategies. Students’ decisions were not optimal in all cases, but problems 
were mostly managed well, suggesting largely adequate cognitive resources 
and application of three basic critical thinking components. Post-simulation 
reflection allowed students to communicate with each other in seeking and 
finding solutions[27] and indicated that students can come to new insights by 
themselves, without formal instruction. As simulation provides a platform 
where students can learn from their mistakes without harming patients,[11,12] 
the simulation was considered successful, as it exposed students to problem 
solving through critical thinking and sensitised students and educator to 
professional practice components in need of attention. 

Study findings are not optimal, as students’ problem-solving abilities were 
not summatively assessed and formative judgement was based solely on the 
educator’s long-standing expertise in the radiography domain. There was 
also no attempt to measure students’ cognitive loads, as knowledge on the 
precise gauging of IL and EL is lacking.[28] The major shortcoming of the 
simulation, however, was the inclusion of only 10 of 80 students. To provide 
equitable education to all, further research into simulation strategies to hone 
the critical thinking skills of large groups within the constraints of curricula, 
timetables and available venues, is indicated. 
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