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1 

ABSTRACT: 1 

 2 

The implementation of remote simulation predates the current COVID-19 pandemic, yet its 3 

widespread contemporary use can help inform teaching practices of the future. This article 4 

outlines the development of a remote-facilitated mental simulation (RFMS) delivered to 5 

second year paramedic science students within a UK University. The RFMS was created 6 

using Sprick et. al’s (2012) simulation design model: preparation, briefing, simulation 7 

activity, debriefing, reflection, and evaluation. The design process is discussed alongside 8 

theoretical considerations necessary for effective simulation-based education. This article 9 

aims to assist educators to effectively design simulations and may be of particular use to 10 

novice educators. Students may find it useful to consider the associated learning theories.  11 

The RFMS was evaluated positively by respondents (N=8). There are limitations and 12 

challenges to consider when designing remote simulations. However, remote simulation can 13 

join geographically distant learners and educators for effective learning opportunities.  14 

 15 

TITLE : Can remote-facilitated mental simulation bridge the theory-practice divide in 16 

paramedic education? A case study outlining the design and implementation of remote-17 

facilitated mental simulation. 18 

 19 

INTRODUCTION 20 

The context of teaching and learning has changed significantly during recent times. 21 

COVID-19 poses novel problems for educators, such as limitations to in-person 22 

teaching, reduction of clinical placement opportunities, and the shift to online 23 

teaching, learning and assessment (Bao 2020).  24 
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 25 

Undergraduate paramedic science students have encountered changes to their 26 

planned programmes, including suspension of clinical placements (Choi et al. 2020). 27 

This can widen the theory/practice divide - the metaphorical space between 28 

academic learning and applying knowledge in clinical environments (Greenway et 29 

al. 2019). Simulation is widely discussed as a potential solution to bridge these gaps 30 

(e.g. Bearman 2013).  31 

 32 

This article describes an innovative remote-facilitated mental simulation (RFMS) for 33 

students within a UK-based University (see Figure 1: case outline of scenario). It 34 

outlines the process and conceptual considerations when designing and 35 

implementing simulation interventions (McCoy et al. 2017). This is contextualised 36 

in a discussion of underlying education theories. It is intended to assist educators 37 

creating remote (or in-person) simulation activities, and to help students 38 

appreciate how simulations are designed to support their learning.  39 

 40 

SIMULATION DESIGN THEORY 41 

Simulation education allows the replication of clinical environments so participants 42 

can learn, train, rehearse and be assessed (Khan et al. 2011). Benishek et al. (2015) 43 

describe three important aspects of simulation design being ‘who will be trained, 44 

what will they learn, and how will they learn it’(p. 3). Constructive alignment 45 

ensures the intervention is aligned to the programme learning outcomes and the 46 

learner’s needs (Lioce et al. 2015).  47 

 48 
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There are several published models available to guide simulation implementation 49 

and to ensure all the interrelated elements of simulation design are included (e.g. 50 

Motola et al. 2013; Sprick et al. 2012; Khan et al. 2011, INACSL 2021). The 51 

simulation described here used Sprick et al.’s (2012) framework: preparation, 52 

briefing, simulation activity, debriefing, evaluation and reflection (see figure 2 for a 53 

representation of the framework). This framework was chosen ahead of others due 54 

to its ease of use and simple design flow, and because both authors had previously 55 

used the framework when designing simulations. Following a brief discussion of 56 

similar remote simulation studies, each design stage will be addressed in turn and 57 

contextualised with relevant learning theory. As a learning format, remote 58 

simulation is increasing in use, yet it is important to consider how it differs from in-59 

person simulation.  60 

 61 

WHAT IS REMOTE-FACILITATED MENTAL SIMULATION?  62 

Remote simulation, sometimes termed telesimulation, uses 63 

internet/telecommunication technology and simulation resources to connect 64 

distant learners to educators for the purpose of training, education, or assessment 65 

(McCoy et al. 2017). Remote simulation often involves a facilitator remotely 66 

viewing participants interacting with simulated patients in geographically distant 67 

settings (Ikeyama et al. 2021, Duch-Christensen et al. 2021, Reece et al. 2021). 68 

Mental simulation is described as a teaching modality where participants mentally 69 

rehearse the processes involved in a care episode without concentrating on 70 

psychomotor or procedural skills, often with only non-interactive visual cues to 71 

assist (Dogan et al. 2021, Alinier et al. 2021). As mental simulation occurs within 72 
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the mind of the participant, encouraging them to speak aloud their thoughts helps 73 

the participant to reflect on the thought processes and decision making they are 74 

undertaking (Dogan et al. 2021). If this thinking aloud process happens within an 75 

organised group activity, this allows peer-learning, teamworking and 76 

communication skills to be developed concurrently (Alinier et al. 2021).   77 

 78 

 Our RFMS encompassed aspects of both remote and mental simulation modalities. 79 

It involved a facilitator interacting on site with SimMan 3G simulator (SimMan 3G, 80 

Laerdal Medical), with participants interacting remotely from their homes via video 81 

conferencing technology to mentally immerse themselves in the scenario and 82 

verbalise their decision making and thought processes at key points (termed 83 

stop:go points). These mental processes were augmented with real-time 84 

information shared with the participants from the SimMan3G simulator.      85 

 86 

During the COVID-19 pandemic, the challenges of minimising in-person contact 87 

time alongside decreased opportunity for practice-based education means remote 88 

simulation can help minimise scheduling challenges, remove concerns regarding 89 

commuting, and allow students who cannot travel to campus an adjunct to 90 

asynchronous learning (Lang et al. 2021). This simulation approach is not without 91 

challenge, and care must be taken to ensure participants engage effectively and are 92 

able to achieve the learning objectives (Table 1 provides a summary of advantages 93 

and disadvantages of RFMS).  94 

 95 
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Remote simulation has been implemented successfully in other healthcare settings. 96 

Ikeyama et al. (2012) provided a description of remote-simulation implementation 97 

involving anaesthesia and intensive care medical staff. The participants evaluated 98 

the simulation positively. The authors discussed benefits of reduced travel time, an 99 

ability to increase training frequency, and how remote simulation can take learning 100 

to a wider, potentially international, audience. An insightful study by Duch-101 

Christensen et al. (2018) reported a comparison of in-person and remote 102 

simulation involving nursing and medical professionals. The authors framed the 103 

study with a discussion of relevant learning theory, including cognitive load theory 104 

(Young et al. 2014), the technology acceptance model (Davis et al. 1989) and social 105 

presence model (Kilic Cakmak et al. 2014); all of which could be considered when 106 

designing remote simulation. Overall, the participants favoured in-person 107 

facilitation, citing the lack of human interaction, and decreased debriefing 108 

effectiveness as perceived barriers. A contemporary study regarding remote 109 

simulation (termed as virtually-facilitated simulation by the authors), using a cohort 110 

of various Canadian healthcare professionals (including paramedics), was reported 111 

by Reece et al. (2021). This simulation involved facilitators virtually (remotely) 112 

observing participants performing advanced airway procedures to address COVID-113 

19 preparedness. The participants in this study expressed comparable satisfaction 114 

levels with remote and in-person simulation. The authors discussed how 115 

participants may be increasingly accepting of remote simulation because, in part, 116 

learners are becoming more tolerant of various online education approaches due 117 

to COVID-19 changes. 118 

 119 
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All the studies mentioned above implemented a form of remote simulation where 120 

the facilitator was a remote viewer and the participants interacted with the 121 

simulation equipment in a geographically distant setting. Our simulation describes 122 

a technique where the participants were remote observers, and the facilitator was 123 

interacting with the simulation equipment in a simulation centre. Our study could 124 

therefore provide a useful comparison to the previously mentioned studies and 125 

build on the discussion of mental simulation by Dogan et al. (2021). Regardless of 126 

the approach, simulation interventions should be developed with adult education 127 

theory and experiential learning in mind (Motola et al. 2013) 128 

 129 

As Reece et al. (2021) discussed, remote simulation can deliver effective learning 130 

across wide distances. Remote simulation can also be effectively implemented for 131 

international simulation interventions. However, there may be associated 132 

challenges regarding language, cultural or health system differences (Shao et al. 133 

2018). Taking high quality simulation to resource-scarce settings is a potential 134 

benefit of all forms of remote simulation. As discussed below, if you remove the 135 

requirement for simulation equipment and resources from the participant setting 136 

(by using a remote simulation model where the simulation resources are centrally 137 

located with the facilitator), this may allow increased access to simulation for 138 

participants who may not have simulators or simulation facilities nearby.  139 

 140 

Our RFMS was designed to be incorporated into a BSc Paramedic Science 141 

programme and help provide a link between theoretical knowledge and its 142 

practical application. Our RFMS was integrated into an anatomy and physiology 143 
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(A&P) module, where the learning objectives centred around the application of 144 

A&P knowledge to the pathophysiological presentations of pre-hospital patients. 145 

These type of learning objectives are well-suited to mental simulation, as the key 146 

thoughts processes, in this context, are the ones that link the presenting signs and 147 

symptoms to the underlying pathophysiological changes. Asthma was chosen as 148 

the presenting condition as the cohort had recently been introduced to its 149 

pathophysiology and pre-hospital management. Furthermore, asthma is a 150 

condition that can rapidly deteriorate and therefore afforded realism and fidelity to 151 

the proposed simulation flow (see figure 1 for simulation case stem outline). The 152 

model outlined here could readily be adapted to a variety of patient presentations.  153 

 154 

AIMS OF THE ASTHMA RFMS  155 

The Asthma RFMS was designed so that participants (second year BSc Paramedic 156 

Science students) experienced a deteriorating asthmatic patient. With the aim of 157 

helping students link their theoretical knowledge of asthma pathophysiology to a 158 

real-time patient simulation (see figure 1 for a case stem overview). A further aim 159 

was to develop the clinical decision-making skills required to manage a 160 

deteriorating asthma patient, to mentally rehearse the processes involved, discuss 161 

these within a group, and reflect on them during debriefing.  162 

 163 

PREPARATION  164 

 165 

The Asthma Simulation was developed using a purpose-built simulation centre, complete 166 

with an ambulance patient compartment (figure 3). The simulation centre has proprietary 167 
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audio-visual equipment, allowing live video streaming alongside the use of advanced 168 

manikins. The video platform Echo360 (Echo360, Inc.) enabled participants to view both the 169 

facilitator within the ambulance patient compartment and real-time data output from the 170 

SimMan3G manikin.  171 

 172 

The simulation allowed students to participate remotely in a simulated clinical scenario, 173 

facilitated by a faculty member on campus using SimMan3G as the patient. A stop-go format 174 

allowed students to discuss the case at certain points and facilitated student-led formation 175 

of management plans. Zoom (Zoom Video Communications, Inc.) video-conferencing 176 

software enabled small-group discussions and interaction with the facilitator. A simulation 177 

technician, co-located on site with the facilitator, ensured technical support was on hand if 178 

required. 179 

 180 

Effective preparation, pre-briefing and briefing phases can help allay participant’s anxieties 181 

and therefore maximise the likelihood of learning objectives being met (Eppich et al. 2013). 182 

Participants were pre-briefed to familiarise them with the technology, the logistics, and the 183 

content of the session before progressing to the briefing. 184 

 185 

BRIEFING 186 

The briefing phase sets the scene for all participants, providing a platform to all subsequent 187 

phases. It should occur immediately prior to the simulation activity to help develop rapport 188 

and initiate a feeling of safety for the participants (Eppich et al. 2013). This can be achieved, 189 

for example, by inclusive ice-breaker activities; or, if the simulation is in-person, by 190 

arranging the room in a circular fashion (Nestel 2015).  191 



 
 

9 

 192 

The remote briefing followed a similar structure to an in-person briefing. The participants 193 

were given instructions, learning objectives and an outline of what to expect from the 194 

simulation. The participants were encouraged to ask questions, raise concerns, and 195 

troubleshoot any technology issues. The facilitator emphasised the simulation was not an 196 

assessment, that at times there would be time pressure to make decisions, and how it 197 

would be important for all the participants to communicate effectively within the breakout 198 

rooms.  199 

 200 

Lave and Wenger (1991) suggest learning is an inherently social, situated, and 201 

active process and proposed a concept labelled Legitimate Peripheral Participation. 202 

This explores the opportunities participants have to learn through observing others 203 

and gradually taking on responsibility. Peripheral participants are able to view 204 

activities occurring within a learning community, and from their observations they 205 

can learn important aspects of the situation – for example, communication 206 

strategies. The RFMS allowed participants to observe and mentally rehearse a 207 

patient encounter, and participate in active discussions with their peers. In the 208 

RFMS, the students were essentially performing as themselves, allowing 209 

participants to interact in a natural social learning experience and rehearse schema 210 

parsimonious to Kolb’s (1984) concrete experience phase of experiential learning. 211 

Avoiding role-play in unfamiliar roles can prevent the uncomfortableness 212 

associated with this. When the participants do not feel comfortable and safe, the 213 

simulation’s effectiveness can be compromised (Turner and Harder 2018).  214 

 215 
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Creating a safe environment for the participants to explore their own professional identity 216 

and engage in meaningful reflection is described as creating psychological safety (Rudolph 217 

et al. 2014). Whilst learners develop their own professional identity, they are sensitive to 218 

perceived criticism. Creating a safe educational space is an important safeguard against 219 

these negative experiences (Bearman 2013), as participants could otherwise view engaging 220 

with a simulation as risky or intimidatory.  221 

 222 

If participants are able to take psychological risk and engage with the simulation, 223 

whilst accepting they may make mistakes, facilitators can create excellent learning 224 

opportunities. Vygotsky’s (1978) ‘zone of proximal development’ theory outlines 225 

how learners can achieve their potential by testing the limits of their expertise 226 

under guidance from skilled peers and facilitators. This can be achieved by fostering 227 

a safe space in the briefing phase, allowing participants to experiment without fear 228 

of failure; and, importantly, view any mistakes as learning points (Rudolph et al. 229 

2014).   230 

 231 

SIMULATION ACTIVITY  232 

The activity phase of the RFMS revolved around the participants observing a real-233 

time, remote, simulated care episode. The facilitator played the role of a paramedic 234 

assessing a patient. The obvious challenge in planning this phase was elucidating 235 

how students could best meet the learning objectives whilst remotely observing.   236 

 237 
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Structure was added to the group’s discussions by setting key questions to be explored, 238 

relating to patient care-goals and participants understanding, such as: What is happening 239 

now? What drugs are you going to use and why?  This helped to align the learning with the 240 

objectives (Prince 2004) and encouraged students to minimise digression. This form of goal-241 

directed group activity falls within Engestrom’s (1999) Activity Theory, where activity-based 242 

learning is viewed as a transformative learning experience, as it allows division of labour 243 

within a group, thereby facilitating the sharing of, and learning from, multiple voices and 244 

points of view (Engestrom 1999).  245 

 246 

Stopping the scenario at key points (see figure 1 for case overview including the 247 

chosen stop:go points) allowed students to discuss the information received, 248 

verbalise their own thought processes, and formulate action plans in small groups. 249 

For example, ‘what is your working diagnosis and what are the main 250 

pathophysiological causes of the condition?’ This helps to frame the participants as 251 

active observers and stimulate the mental rehearsal of the necessary clinical 252 

decision-making processes. At the end of the stop:go breakout rooms the groups 253 

were asked for their opinion on what is happening with the patient and what the 254 

next actions should be. A consensus was sought from the group and the facilitator 255 

then instigated these.  256 

 257 

A common hurdle in remote teaching is overcoming participants’ reluctance to 258 

engage (Farrell and Brunton 2020). Redinger et al. (2020) suggest that using social, 259 

active engagement through group activities minimises the risk of students being 260 
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distracted and promotes learning. Breaking the activity phase into stop:go 261 

discussions encouraged participants to be active contributors in their own learning; 262 

a key tenant of constructivist education theory (Lave & Wenger 1991).  263 

 264 

Fidelity is another concept to reconcile within the limits of RFMS. Challenges 265 

include creating equipment, environmental and psychological fidelity, so that 266 

participants can suspend any disbelief and engage with the simulation (Tun at al. 267 

2015). In our RFMS a replica ambulance patient compartment provided high 268 

equipment and psychological fidelity. However, remote teaching necessitates 269 

concessions are made regarding environmental fidelity, as the remote participants 270 

lack the non-visual cues such as the feel, sound, and cramped conditions found 271 

within an ambulance patient compartment (Tun et al. 2015). Balmaks et al. (2020) 272 

highlight the challenge of preserving fidelity within remote simulation. They 273 

suggest fidelity can be maintain by using cues from realistic manikin changes and 274 

conceptual prompts at important points.  275 

 276 

Realism and fidelity are interconnected, but the link between fidelity and learning 277 

is nonlinear (Norman et al. 2012). In our RFMS psychological fidelity was 278 

maintained by providing real-time streaming of patient observations. By removing 279 

the psychomotor domain of learning entirely this approach could reduce 280 

extraneous loading and minimise cognitive overload (Reedy 2015).  281 

 282 
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Cognitive overload is a psychological concept outlining how learners have a limit to 283 

the amount of information they can process and store successfully at any one time 284 

(Reedy 2015). Learning occurs when memories are ordered and processed in a 285 

meaningful way. If a task or situation is too complex, this can lead to cognitive 286 

overload, where memories are not stored effectively, which negatively affects 287 

learning (Reedy 2015).  288 

 289 

Mental simulation must make concessions to the inclusion of certain domains of 290 

learning, most commonly the psychomotor domain (Dogan et al. 2021). This may 291 

reduce the likelihood of cognitive overload and allow the learning to focus on 292 

cognitive and affective domains. The RFMS was designed to emphasise decision 293 

making and information interpretation. However, it is equally important to ensure 294 

participants are challenged appropriately within the remaining domains to create 295 

meaningful learning experiences. This concept is described as the germane load of 296 

a learning activity (Reedy 2015). 297 

 298 

DEBRIEFING/FEEDBACK 299 

 300 

The debriefing phase is widely discussed as being the most influential section of simulation 301 

(Jaye et al. 2015). Debriefing encourages learners to reflect on their actions, compare the 302 

outcomes to existing or novel schema, and ultimately use this knowledge to inform their 303 

practice, thereby improving patient outcomes (Cheng et al. 2020).  304 

 305 
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Debriefing remote simulations has advantages and disadvantages, and consideration of 306 

these aspects helped shaped the debriefing in the RFMS. Cheng et al. (2020) provide a 307 

contemporary view of remote simulation, framed by the changes affecting the entire 308 

education sector due to the COVID-19 pandemic. The authors build on the communities of 309 

practice model (Lave and Wenger 1991) to describe three factors influencing successful 310 

online debriefing: cognitive presence, educator presence and social presence.  311 

 312 

Cheng et al. (2020) describe cognitive presence as how students learn and think together 313 

through reflective discourse. In our simulation, the group debriefing sessions were 314 

facilitated and then followed by a whole-group discussion. The participants stayed in the 315 

same groups for the debriefing, allowing the continued development of cognitive presence. 316 

The stop:go breakout rooms started this process and the debriefing phase allowed the 317 

groups to collaboratively identify problems and apply new concepts.   318 

 319 

Educator presence within remote debriefing shares the same goals as in-person debriefing: 320 

a facilitator should provide a supportive, inclusive space (Cheng et al. 2020). The facilitator 321 

should shape discourse, provide structure, and carefully consider the level of intervention, 322 

whilst noting that the level of facilitation will vary according to the levels of participant 323 

engagement and prior experience (Gordon 2017). 324 

 325 

Developing social presence whilst remotely debriefing, may well be the greater challenge; 326 

how students project themselves and their emotions could differ between in-person and 327 

remote simulation (McCoy et al. 2017). The question of how remote debriefing allows the 328 

students time and space to vent, reflect, and share their emotions, remains (Gordon 2017). 329 
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In our intervention the intention was to allow participants time to discuss the simulation 330 

without immediate facilitator presence, to allow space and time for emotional venting. The 331 

disadvantage of remote debriefing in this format is the facilitator would not be present to 332 

provide support for any emotional challenges shared by the participants. Therefore, it was 333 

considered imperative to the RFMS that psychological safety and openness was promoted 334 

within the previous phases. These emotional states are described as crucial to effective 335 

remote debriefing (Cheng et al. 2020). 336 

 337 

REFLECTION 338 

 339 

Reflection is a means of gaining understanding through questioning and investigation 340 

(Loughran 2002). It is vital to reflect on the learning experience with a view to improving 341 

practice (see table 2 for author’s reflections). It is equally important to ensure any reflection 342 

considers problems from an honest, unbiased viewpoint. Reflection can actually be 343 

rationalisation if the true problem is overlooked (Loughran 2002). For example, if students 344 

appeared disinterested, an educator could reflect that this is the reason the learning 345 

objectives were not met, and overlook the issues causing the students to lack engagement – 346 

which could be due, for example, to mistakes made during the planning or execution of the 347 

simulation.  348 

 349 

EVALUATION 350 

 351 

Curran and Fleet (2005) present a modified version (see table 3) of Kirkpatrick’s (1976) level of 352 

hierarchy, where the impact of educational interventions can be viewed as effective on multiple 353 
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levels. Measuring the impact in terms of learner’s reaction and perceived modifications of 354 

skills/knowledge are straightforward. However, these are less impactful when considering the 355 

overall goal of healthcare education – improving patient outcomes (Motola et al. 2013). As 356 

undergraduate students may have limited or no experience of clinical roles, it is challenging to 357 

achieve learning aligned to level 4 of Kirkpatrick’s (1976) model.  358 

 359 

It is important to consider the resources available to the team when planning an evaluation, for 360 

example, what time scales are practical for following up with participants and within what context 361 

was the intervention delivered (Curran and Fleet 2005). The evaluation of the RFMS consisted of a 362 

brief questionnaire, targeted at levels 1 and 2 outcomes of Kirkpatrick’s (1976) model. In general, 363 

the respondents evaluated the simulation positively (see table 4 for evaluation summary). They 364 

indicated the intervention helped them to apply their knowledge of pathophysiology in a manner 365 

they would expect to encounter in clinical practice settings. Furthermore, they could envisage how 366 

their own practice could be positively affected by RFMS. A more detailed, ethically approved, 367 

evaluation was unable to be realised given the time constraints and speed of implementation 368 

needed in this context. However, the concept, feasibility, and participant perception of RFMS was 369 

demonstrated successfully. 370 

 371 

CONCLUSIONS 372 

RFMS allows participants to engage in the simulation of various mental processes involved in 373 

healthcare, within an accessible context and safe setting. RFMS could be used in the future as part of 374 

a suite of simulation-based education approaches.  375 

 376 

All educational interventions should be planned carefully to ensure learning objectives and the 377 

needs of the students are simultaneously met. Simulation interventions should be developed using 378 

recognised frameworks (e.g. Sprick et al. 2012) in order to understand the many variables and 379 
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protect the learning objectives. Further evaluative studies are needed to provide a contemporary 380 

insight into the benefits of RFMS and secure its place in the future of simulation education.  381 

 382 

KEYWORDS  383 

MENTAL SIMULATION, PARAMEDIC, REMOTE SIMULATION, EDUCATION, SIMULATION DESIGN 384 

 385 

KEY POINTS 386 

- Simulation is an adaptable education modality that can be used to bring remote learners and 387 

educators together. 388 

- Designing simulation should take into account pedagogical considerations to improve the 389 

learning experience for participants. 390 

- There are several published simulation design models that can aid the design process for in-391 

person, or remote, simulations. 392 

- Remote-facilitated mental simulation can bring learning to students and is an effective tool 393 

to help bridge theory/practice divides. 394 

 395 

REFLECTIVE QUESTIONS 396 

For Learners: 397 

- Online-education has increased since the beginning of the COVID-19 pandemic. Which of the 398 

theories discussed here could you use to improve your next online learning experience? 399 

- Psychological safety is discussed in this article. What factors could make you reticent to 400 

engage with simulation and what steps could you, or your facilitator, take to overcome this? 401 

- Mental simulation removes procedural aspects of clinical education and focusses on the 402 

thought processes behind healthcare decisions. Which topics in your programmes would be 403 

best suited to mental simulation? 404 
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 405 

For Educators: 406 

- How do you plan for an effective simulation intervention? Could you use a simple design tool 407 

to improve the learning experience? 408 

- What technology do you have in place within your setting that could be harnessed to deliver 409 

RFMS? 410 

- Which of the simulation theories discussed here, from either remote or in-person simulation, are 411 

relevant to your teaching context?  412 

 413 
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