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Abstract 15 

 16 

Background  17 

During the COVID-19 pandemic, physical distancing policies left UK Ambulance organisations 18 

struggling to provide practical placement opportunities for undergraduate paramedic 19 

students. This article explores student feedback to understand whether Virtual Reality (VR) 20 

technology bridged the gap. 21 

 22 

Aim 23 

Can simulated ambulance scenarios, using VR, support paramedic students in meeting 24 

course objectives? 25 

 26 

Methods 27 

A series of VR scenarios mapped to paramedic undergraduate programme learning outcomes 28 

at two universities during April-May 2021, complemented practical ambulance placements in 29 

south west England. Students voluntarily provided free-text feedback and content analysis 30 

was used to code and categorise responses based upon frequency. 31 

 32 
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Findings 33 

Nine themes were systematically generated from feedback provided by fifty-three students. 34 

Themes related to three domains of learning; affective, psychomotor and cognitive. An 35 

overarching theme of ‘enthusiasm for VR learning’ was identified. 36 

 37 

Conclusion 38 

Overall, the utilisation of VR for practical scenarios appears to be a useful and acceptable 39 

adjunct to traditional ambulance shifts.  40 

 41 
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 43 

Background 44 

The COVID-19 pandemic has placed the UK National Health Service (NHS) under 45 

considerable stress (NHS Providers & Association of Ambulance Chief Executives (AACE), 46 

2021). One of the consequences of delivering the frontline response was the reduced 47 

capacity of UK Emergency Medical Service (EMS) ambulance organisations to provide 48 

practical placement opportunities for undergraduate paramedic students (Council of Deans 49 

of Health, 2020). Physical distancing requirements (Sørensen et al. 2021) prevented many 50 

students from undertaking ‘on the road’ ambulance shifts, compromising their learning 51 

experience. To ensure that paramedic students received the training required to meet 52 

course objectives, a large National Health Service EMS organisation in South West England 53 

secured funding from Health Education England (HEE) to explore whether Virtual Reality 54 

(VR) technology could bridge the gap.  55 

 56 

VR has been defined in a number of ways depending upon context, the level of immersion 57 

and the methods used to simulate experiences without the student going through the real 58 

event. This article discusses the use of three-dimensional (3D) VR methods for simulating 59 

prehospital emergency ambulance scenarios. A range of scenarios delivered through a head 60 

mounted display, accompanied by lights, sounds and smells, produced a medium to high 61 

immersive experience for students (Kardong-Edgren et al. 2019). Bradley (2006) and van 62 

Merriënboer and Kirschner (2017) suggest that simulation is a useful adjunct to learning by 63 

providing the learner with a safe environment with more control over their experience. 64 
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Gaba (2004:i2) describes simulation as a technique used to replace or amplify real 65 

experiences with guided experiences, often immersive in nature, that evoke or replicate 66 

substantial aspects of the real world in a fully interactive fashion. Gaba’s vision both 67 

predates and predicts the advent of accessible VR technology. Scenarios using VR have the 68 

benefit of increased opportunity for student support and guidance compared with what 69 

may be available during the emergency demand and time constraints of a traditional 70 

ambulance shift (Radianti et al. 2020). VR also creates the opportunity for students to 71 

undertake tasks and decision-making relating to rare patient illness and injury, that may not 72 

be encountered during traditional placements and would otherwise be impossible to 73 

experience due to limited resources or materials (Fromm et al., 2021). 74 

 75 

Planning 76 

Using the Plan, Do, Study, Act [PDSA] improvement cycle, the Trusts in-house Technology 77 

Enhanced Learning (TEL) team created scenario’s using the XVR ‘on scene’ platform (xvrsim, 78 

2022). Ongoing collaboration and support from in-house Learning and Development (L&D) 79 

and Information and Communication Technology (ICT) teams ensured the scenarios met 80 

course objectives and student needs . Scenarios were created by mapping learning 81 

outcomes from two universities in south west England, relating to year one paramedic 82 

science BSc syllabus objectives, against activities that can be achieved by utilising VR. The 83 

mapping process was undertaken by paramedic course tutors and was underpinned by 84 

learning taxonomies and Biggs’ (2003) model of Constructive Alignment in Curriculum 85 

design (Anderson et al., 2001, see Appendix 1). Given the restrictions placed on EMS estates 86 

by COVID-19 safety guidelines, external venues were sourced that maximised the safety of 87 

students and faculty. The sessions covered the following subjects as mapped out during 88 

planning; 89 

 90 

• Toxidromes 91 

• Safeguarding 92 

• Scene Assessment 93 

• Patient Assessment 94 

• Advanced Life Support – Adult 95 
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• Critically Unwell Child 96 

• Mental capacity assessment and decision making 97 

• Prevention and management of violence and aggression 98 

 99 

Scenarios 100 

During Spring 2021, when COVID-19 physical distancing restrictions prevented students 101 

from undertaking traditional ambulance shifts, undergraduate paramedic students were 102 

invited in groups of up to twelve to undertake classroom-based training where practical 103 

scenarios were completed using simulations played through VR. The students worked in 104 

pairs, one wore a headset and navigated their way through the simulation, whilst the other 105 

could view what their partner was seeing through a headset attached to a laptop screen. 106 

The students could move around the virtual environment at their own pace and decide 107 

whether it was safe to approach and what action to take. For example, during the mass 108 

casualty scenario, students chose in which order to approach patients based upon the visual 109 

and audible information provided in the virtual environment. However, the ability to 110 

manipulate and interact with the scenarios was limited and the simulated patient outcomes 111 

would eventually be the same for each student. 112 

 113 

Psychological safety 114 

To maintain psychological safety and maximise the learning opportunity, each session 115 

included structured one-to-one debriefings between the student and the L&D tutor. This 116 

was followed by a whole group discussion framed by Guirguis and Cox’s (2007) Advocacy-117 

Inquiry method to pre-brief (set the tone), de-brief (react), de-brief (understand) and wrap-118 

up (reflect).  Evidence suggests that psychological distress can occur when participants are 119 

exposed to simulation-based experiences (Fanning and Gaba, 2007; Kolbe et al., 2020). 120 

Factors such as exposure of knowledge gaps and performance anxiety in front of peers, 121 

combined with risk of recall of traumatic memories, can cause distress and result in a 122 

negative impact upon learning (Henricksen et al., 2017). Psychological preparation and 123 

support was vital for minimising any psychological distress and for enabling simulation-124 

based education participants to learn safely (Palaganas et al., 2014). 125 

 126 

Student feedback 127 
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It is usual business for participant/learner feedback to be collected following any learning and 128 

development activity in the Trust. Under the terms of reference of the Trust’s Research and 129 

Development department, ethical approval is not required for when anonymous feedback is 130 

publicly reported. The feedback garnered following education using Virtual Reality was 131 

particularly interesting, as the use of VR was novel under the circumstances. At the end of 132 

each session, students were asked to provide written feedback using internal feedback forms 133 

about how they felt about the learning experience. During April and May 2021, sixty 134 

undergraduate BSc paramedic science students participated in one day of ambulance 135 

scenarios using VR in the Plymouth area of the UK and fifty-three students undertook two half 136 

days ambulance scenarios using VR in the Gloucestershire area. Thirty-six students in 137 

Plymouth and seventeen students in Gloucester provided feedback giving a response rate of 138 

60% and 32% respectively. Students provided freetext comments in response to five 139 

questions about the quality of the content of the learning, the quality of the tutors (such as 140 

their ability to provide clear, inclusive and supportive sessions (van Dijk et al. 2020)), whether 141 

they felt VR was a suitable platform for learning, and whether they felt they had achieved the 142 

learning outcomes as required in their undergraduate course portfolio.  143 

 144 

Feedback summary 145 

Feedback from across the two sites was examined using content analysis. Eighty-eight nodes, 146 

systematically generated from the feedback provided by fifty-three students, were reduced 147 

to fourteen categories, which in turn were condensed into nine themes relating to three 148 

domains of learning. An overarching theme of ‘enthusiasm for VR learning’ was identified. 149 

Three domains of learning; cognitive, affective, and psychomotor formed the conduit into 150 

which nine themes of ‘knowledge’, ‘personal development’, ‘experience’, ‘confidence’, 151 

‘future learning’, ‘tutor interaction’, ‘lost placement hours’, ‘scenario quality’, and ‘road 152 

versus academic learning’ were identified. The nine themes were distilled into the three 153 

domains of learning and quantified by the frequency of comments relating to each domain 154 

(see Figure 1). Simulation-based learning using VR appears to relate more closely to the 155 

affective domain of learning. 156 

 157 

 158 

 159 
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 167 

 168 

 169 

 170 

Figure 1: Frequency of comments by learning domain  171 

 172 

Overall, students reported positive perceptions of the learning content, quality, and suitability 173 

of VR as a learning platform. The majority of students reported that although scenarios  174 

through VR were useful, they were not a substitute for the real-world experience of a 175 

traditional ambulance shift. The opportunity to put classroom-based theory into practice was 176 

welcomed and most reported that the VR experience not only helped to increase their 177 

knowledge but boosted their confidence. However, some reported that the VR approach did 178 

not suit their learning style and the quality of the equipment and simulations at the time 179 

hampered the learning experience. Nonetheless, when compared to practical class-room 180 

based scenarios in university settings, overall students preferred a VR approach. 181 

 182 

Discussion 183 

Simulated scenarios using VR appear to be acceptable to undergraduate paramedic students 184 

as part of their training, although VR is not a substitute for the real experience. This 185 

information is important for COVID-19 pandemic contingency planning, where hours spent 186 

‘on the road’ undertaking practical ambulance placements may be reduced to ensure 187 

student, staff, and patient safety (NHS Providers & AACE, 2021). HEE (2018) published a 188 

national framework for Simulation-Based Education and their recent guidance highlights 189 

that simulation can support key factors such as clinical effectiveness, patient safety, staff 190 

wellbeing, patient experience, quality improvement, and productivity, all of which improve 191 
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outcomes for the workforce, for the wider healthcare system and for patients (HEE, 2020). 192 

The VR approach appears to be particularly useful for supporting the affective domain of 193 

paramedic learning (Bloom, 1956), with several students reporting increased self-194 

confidence, positive interactions with course facilitators, and the opportunity to put 195 

classroom knowledge into practice. Evidence suggests that the paramedic confidence and 196 

mental wellbeing have been worsened by the pandemic, highlighting the importance of 197 

alternative and novel methods of confidence building for paramedics entering the 198 

profession at this time (Hogan et al., 2020). However, a number of research studies have 199 

identified common side effects which may hamper user experience and learning when using 200 

VR technologies (Garrett et al. 2018). Due to the inconsistent sensory inputs, body systems 201 

can become conflicted when immersed in VR, leading to cybersickness (similar to motion 202 

sickness) (Palmisano et al. 2020). Cybersickness is a commonly reported side-effect, with 203 

symptoms such as nausea, vomiting, ataxia, and dizziness (Caserman et al. 2021). Training 204 

plans should include consideration of side-effect management such as dynamic depth-of-205 

field blurring which simulates the blurring of objects located in front or back of the focus 206 

point of the eyes to minimise any negative effects (Carnegie and Rhee 2015). 207 

 208 

The provision of VR ambulance scenarios may enable ambulance organisations to 209 

counterbalance any inability to provide the desired practical placement hours (and the lack 210 

of exposure to patients which can be caused by prolonged handover delays during 211 

placements) for student paramedic programmes. The incorporation of VR learning could 212 

also provide opportunity for confidence building and learning from experience, in a safe 213 

environment. This may be particularly important for infrequently encountered incidents 214 

that could now be replicated VR, enabling students to gain experience where otherwise 215 

none would be had (Bailenson 2018).  216 

 217 

Consistent with paramedic student feedback, McKenna et al. (2015) found that effective use 218 

of VR relies upon appropriate equipment as well as trained faculty. Furthermore, Watts et 219 

al. (2021) emphasise that the design and content of the VR experience are important. VR 220 

equipment and delivery can be expensive, however, Pottle (2019) suggests that VR offers 221 

healthcare organisations a number of benefits and enables the delivery of practical learning 222 

experiences using fewer resources, compared with a traditional shift, at reduced costs. A 223 
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recent study by Halabi et al. (2022) identified that the costs of training ambulance staff in VR 224 

are at least 60% less than when the same activity is performed in a real world setting when 225 

cost factors such as vehicles, equipment and maintenance were taken into consideration.  226 

 227 

Infrequently encountered incidents are a challenge for all paramedics and ambulance staff, 228 

as well as students. VR provides opportunities to engage in scenarios of high stakes, low 229 

frequency incidents, which may increase confidence, enhance patient safety, and reduce the 230 

risk of error (Kiernan 2018; Wheeler and Dippenaar 2020; Wood et al. 2022). 231 

 232 

Conclusion 233 

Overall, the utilisation of VR during scenarios for undergraduate paramedic students 234 

appears to be a useful and acceptable adjunct to traditional ambulance shifts. The VR 235 

approach appears to be particularly useful for supporting the affective domain of learning 236 

with students reporting increased self-confidence, positive interactions with course 237 

facilitators, and the opportunity to put classroom knowledge into practice. VR was a useful 238 

training aid for supporting placement gaps during COVID-19 physical distancing measures. 239 

However, VR would also be a useful addition to ambulance training programmes to 240 

supplement future learning, development, and improve the confidence of paramedic 241 

students in a safe and controlled environment. The next steps for VR paramedic 242 

undergraduate learning should focus on improving the quality of scenarios and the 243 

equipment used. Research is recommended to identify which areas of paramedic training 244 

would most benefit from a VR adjunct and what equipment would optimise student 245 

experience and learning. 246 
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Appendix 1: Mapping of scenario content against learning objectives  

HEI Portfolio Reference Scenario content 

Section 2- Information gathering  History Taking (Learning Objective (LO) 1.0) 
Primary survey (LO 2.1 & 9.0) 
Understanding of life-threatening situations (LO 
2.2, 4.1, 6.0 & 9.0) 

Section 2- Managing people and 
situations 

Human factors (LO 2.3) 
History taking (LO 1.0) 
Team led approach to resus (LO 2.5 & 9.9)  

Section 2- Treating the patient  Understanding and management of various 
simulated conditions (LO 2.5, 4.1, 5.3, 6.1, 7.1 & 
9.2) 

Providing treatment support (skill specific) in all 
scenarios 

Section 2- Communication  LO 1.6  All scenarios 
 

Section 2- Planning and organisation  Simulation management plans and debrief 
discussions (LO 2.2, 5.1, 5.3, 6.2)  

Section 2- Decision making and 
problem solving 

Complex clinical issues 
Seeking support 
(LO 5.0 & 9.2)  

Section 2- Learning through 
experience  

Clinical simulation debriefing 
Virtual Reality experience debriefing 

Section 2- Flexibility and resilience in 
response 

Elements within each scenario 

Section 3- Ambulance/Non 
ambulance placement records 

Completed during ambulance placement 

Section 4- Progress review Completed during ambulance placement 

Section 5- Service User Feedback  Collected by authorised mentor during ambulance 
placement 

Section 6- Communication 
Technologies 

Completed during ambulance placement  

Section 6- Moving and Handling  Use of carry chair (LO 8.0) 

Section 6- Scene safety  (LO 10.0) All scenarios  

Section 6- Infection Control (LO 11.0) All scenarios  
Section 6- Consent  (LO 1.0) All scenarios  

Section 6- Patient records Completed during ambulance placement  

Section 6- Patient assessment and 
management 

Elements within each scenario 

Section 6- Airway and breathing Adult cardiac arrest scenario  (LO 2.4) 
Paediatric Traumatic Brain Injury scenario (LO 9.6) 
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1 Intravenous (IV) / Intraosseous (IO) 
2 Joint Royal Colleges Ambulance Liaison Committee (JRCALC) 

Section 6- Life Support Adult cardiac arrest scenario (LO 2.0) 
Section 6- Medication 
Administration  

Assisting the clinician with IV/IO1 (LO 3.0) 
Oxygen therapy within cardiac arrest and sepsis 
scenario 
Toxidrome scenario  (LO 3.0) 
Debrief: encouragement of referring to and use of 
JRCALC2 guidelines 

Section 6- Spinal splinting and 
immobilisation 

Covered during group classroom-based training 

Section 6- Wound Care Covered during group classroom-based training 

Section 6- Treatment and care Discussion included during debriefing about 
treatment pathways 

Section 6- Ambulance Covered during group classroom-based training 

Section 6- Fundamental Care All simulated scenarios 

Section 6- Safeguarding Toxidrome (LO 9.4 & 9.5) 
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