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Virtual trauma patient simulation design using 
the McGill Simulation Complexity Score (MSCS): 
a breakthrough in trauma education

Background: Virtual patient simulations are interactive, computer-based cases. 
We designed scenarios based on the McGill Simulation Complexity Score 
(MSCS), a previously described objective complexity score. We aimed to establish 
validity of the MSCS and introduce a novel learning tool in trauma education at 
our institution.

Methods: After design of an easy and difficult patient scenario, we randomized 
medical students and residents to each perform 1 of the 2 scenarios. We conducted 
a 2-way analysis of variance of training level (medical student, resident) and scenario 
complexity (easy, difficult) to assess their effects on virtual time, the number of steps 
taken in the scenario, beneficial and harmful actions, and the ratio of beneficial over 
harmful actions.

Results: Virtual patient scenarios were successfully designed using the MSCS. 
Twenty-four medical students and 12 residents participated in the easy scenario 
(MSCS = 3), and 27 medical students and 12 residents did the difficult scenario 
(MSCS = 18). Though beneficial actions were similar between students and resi-
dents, sudents performed more harmful actions, particularly when the scenario 
was difficult. One virtual patient died in the easy scenario and 3 died in the diffi-
cult one (all medical students). Performance varied with level of complexity and 
there was significant interaction between level of training and number of steps, as 
well as with number of harmful actions. Decreasing performance with increasing 
level of complexity, as defined by the MSCS, suggests this score can accurately 
quantify difficulty.

Conclusion: We established validity of the MSCS and showed its successful applica-
tion on virtual patient scenario design.

Contexte : Les simulations médicales virtuelles sont des cas interactifs informatisés. 
Nous avons conçu des scénarios en utilisant le score de complexité des simulations 
McGill (SCSM), un score de complexité objectif décrit précédemment. Nous avons 
voulu confirmer la validité du SCSM et présenter un nouvel outil d’apprentissage en 
traumatologie pour notre établissement. 

Méthodes : Après avoir conçu le scénario d’un cas facile et d’un cas difficile, nous 
avons assigné aléatoirement des étudiants en médecine et des résidents à 1 des 
2 scénarios pour qu’ils y travaillent. Nous avons procédé à une analyse de la vari-
ance à 2 facteurs, formation (étudiant en médecine, résident) et complexité des cas 
(facile, difficile,) pour mesurer leurs effets sur le temps virtuel, le nombre d’étapes 
franchies dans le scénario, les interventions bénéfiques et nuisibles et le rapport 
entre les deux. 

Résultats  : Les scénarios de cas virtuels ont été conçus avec succès à l’aide du 
SCSM. Vingt-quatre étudiants en médecine et 12 résidents ont travaillé au scé-
nario facile (SCSM = 3), et 27 étudiants en médecine et 12 résidents ont travaillé 
au scénario difficile (SCSM = 18). Même si les interventions bénéfiques étaient 
similaires entre les étudiants et les résidents, les étudiants ont appliqué plus 
d’interventions nuisibles que les résidents, particulièrement lorsque le scénario 
était difficile. Un patient virtuel du scénario facile et 3 du scénario difficile sont 
décédés (étudiants dans tous les cas). Le rendement a varié selon le degré de com-
plexité et on a noté un lien significatif entre le niveau de formation et le nombre 
d’étapes et de mesures nuisibles. Le fait que le rendement ait été inversement pro-
portionnel à la complexité définie par le SCSM, suggère que ce dernier mesure 
avec exactitude le degré de complexité. 

Conclusion : Nous avons confirmé la validité du score SCSM et montré son utilité 
dans la conception de scénarios de cas virtuels. 
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V irtual patient simulations are interactive, 
computer -based cases through which trainees can 
navigate by selecting various management options 

offered to them. As Cook and colleagues illustrated,1 in a 
world where trainees are expected to learn more with less 
time and financial resources, virtual patients provide an 
interesting alternative teaching method. The Association 
of American Medical Colleges defines a virtual patient as a 
“specific type of computer program that simulates real-life 
clinical scenarios; learners emulate the roles of health care 
providers to obtain a history, conduct a physical exam, and 
make diagnostic and therapeutic decisions.”2 In trauma, 
virtual patients provide an opportunity for learning in a 
stress-free interactive environment, using a widely avail-
able platform.

In a separate study, we elaborated on and showed the 
inter-rater reliability of a trauma complexity simulation 
score, the McGill Simulation Complexity Score 
(MSCS).3 The MSCS rates the difficulty of simulation 
scenarios objectively on a scale from 0 to 20 by evaluat-
ing each component of the scenario according to the 
framework provided by the Advanced Trauma Life Sup-
port course, namely airway, breathing, circulation, dis-
ability and exposure (rated from 0–4). A cardiovascular 
arrest planned at any point in the scenario leads to an 
automatic maximal score of 20. In this study, we 
designed our simulated scenarios based on the MSCS. 
Using virtual patients, we aimed to establish the validity 
of our score, as well as introduce a novel learning 
method in trauma at our institution.

We first hypothesized that training level would influ-
ence performance outcomes (i.e., residents would perform 
better than students) and, second, that difficulty, as defined 
by the MSCS, would also have an impact on these out-
comes (i.e., trainees would perform better in the easy scen-
ario than the difficult scenario).

Methods

Based on the MSCS, we designed 2 virtual simulation 
scenarios on a web-based platform (DecisionSim). They 
were designed using characteristics of different levels of 
the MSCS. For example, if we wanted to create a simu-
lated patient with a breathing difficulty of 3, correspond-
ing to B3 in the MSCS grid (Figure 1), we would incor-
porate a tension pneumothorax in the case. We created 
an easy patient scenario, with a low predetermined total 
MSCS (MSCS = 3), and a difficult patient scenario, with 
a high predetermined total MSCS (MSCS = 18) 
(Table 1). Both scenarios were reviewed by experts in vir-
tual patient simulation. 

Figure 2 shows the case map of a scenario. Each box 
represents a question; learners navigate through the case 
according to the branching pattern that we designed. 
Figure 3 shows the learner’s view of each question.

Participants

We recruited medical students and general surgery 
residents by email (with the faculty’s approval). We 
randomized participants to perform 1 of the 2 scenar-
ios. Participation was on a voluntary basis and all data 
were deidentified.

Statistical analysis

We assessed the validity of the MSCS based on the 
expected influence of level of complexity on performance. 
Performance assessment was objective; specific scores 
were preassigned to management options and trainee 
performance was calculated by the DecisionSim platform. 
We collected data on the following outcomes: number of 
steps, virtual time, beneficial actions, harmful actions, 
ratio of beneficial to harmful actions and virtual patient 
deaths. The values were accessed on the website through 
password-protected case administration privileges. 

A step was defined as any question the trainee had to 
answer before reaching the conclusion. The branching 
pattern of the scenario allowed some trainees to reach the 
conclusion with fewer steps than others. The virtual time 
referred to the sum of the predetermined time allotted to 
each action, were it to happen in reality. We deemed vir-
tual time to be superior to real time, considering that real 
time may have been influenced by many factors outside the 
author’s control, such as the trainee taking a break without 
closing the browser tab.

We regarded any action leading to benefit to the patient 
as a beneficial action, and any invasive procedure having a 
negative impact on the patient’s care as a harmful action. 
We also calculated the ratio of beneficial to harmful 
actions. This outcome allowed accurate performance com-
parison between the easy and the hard virtual patient scen-
arios, in particular because the difficult scenario was, by 
definition, longer than the easy scenario.

Virtual patient death was defined as a series of 3 con-
secutive harmful actions in the scenario, after which the 
virtual patient died and the case ended.

We used 2-way analysis of variance (ANOVA) of train-
ing level (medical student, resident) and scenario complex-
ity (easy, difficult) to assess their effects on virtual time, 
the number of steps taken in the scenario, beneficial and 
harmful actions and the ratio of beneficial to harmful 
actions. Each of the 4 groups (medical students who did 
the easy scenario, medical students who did the difficult 
scenario, residents who did the easy scenario and residents 
who did the difficult scenario) was analyzed in a 2-way 
mixed factorial ANOVA, with training level manipulated 
as a within-subjects variable and scenario difficulty as a 
between-subjects variable. We also reported the interac-
tion between level of complexity and level of training. We 
conducted analyses using SAS 9.3 version software.
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Ethics approval

This study was reviewed by the Institutional Review 
Board of McGill University and granted ethics approval. 

Results

The total number of participants was 75. Twenty-four 
medical students and 12 general surgery residents (first 
year to fifth year) did the easy scenario, and 27 medical 
students and 12 residents did the difficult scenario. 

The main effect of training level on steps taken was 
statistically significant (F1,71 = 8.08, p = 0.0058). Medical 
students took more steps (mean 120.0) than residents 
(mean 106.9). We observed a significant interaction 
between training level and scenario complexity 
(p  =  0.0064) (Table 2). When the scenario was difficult, 
students took more steps than residents, but when the 
scenario was easy, the students took a similar number of 
steps as the residents.

The main effect of training level on beneficial steps was not 
statistically significant. However, the main effect of training 

Table 1: Virtual patient scenarios

Component

Scenario

Easy (MSCS = 3) Difficult (MSCS = 18)

Airway A0: Patient comes in talking. A4: Surgical airway has to be done, intubation impossible. Facial fractures, 
swelled tongue, blood in oropharynx, edema

Breathing B1: RR 30 breaths/min, accessory muscle used for breathing. 
No evident hypoxia. O2 saturation 94%

B3: tension pneumothorax/hemothorax, no respiratory effort, chest 
expands left > right when bagged, O2 saturation 88%.

Circulation C0: HR 85 beats/min, BP 110/60 mm Hg. No hemorrhage. C3: HR 130 beats/min, BP 80/40 mm Hg. Unstable pelvic ring. Should have 
transient response to fluid and blood products.

Deficits D1: Confused, keeps asking the same question. Swelling to 
forehead and nose, moderate epistaxis, GCS 14.

D4: Right pupil dilated. GCS 3.

Extremities or 
exposure

E1: Closed leg or arm fracture, no vascular compromise. E4: Degloving injury in right leg, heavily bleeding on arrival, no pulse in right 
leg, open fracture of tibia and fibula.

BP = blood pressure; GCS = Glasgow Coma Scale; HR = heart rate; MSCS = McGill Simulation Complexity Score; RR = respiratory rate.

Fig. 1. Determination of the McGill Simulation Complexity Score. BSA = body surface area, GCS = Glasgow Coma Scale, HR = heart 
rate, RBC = red blood cells, RR = respiratory rate, SPB = systolic blood pressure, TRALI = transfusion-related acute lung injury.

Evaluator (name, level): SIMULATION SCORE 
Scenario: 

Simulation Score AIRWAY BREATHING CIRCULATION DEFICITS EXTREMITIES/EXPOSURE
0 A0:

Normal and patent airway  
B0:
Normal breathing  

C0:
Normal circulation  

D0: 
No neurologic deficits 

E0:
Normal extremities  

1 A1:
Airway patent
• Jaw thrust 
• Bag mask ventilation or
• Easy intubation (grade 1)
   º Altering mental status
• Intubation before transfer 

A2:
Moderate difficult airway
• Laryngoscopy possible 
   (grade 2-3), e.g.:
   º Blood in oral–pharynx
   º Subcutaneous emphysema
   º Deviated trachea
   º Neck hematoma 

B1:
Mild deficits in breathing
• Tachypnea (RR ≥ 25)
• Accessory muscle use
• No evidence of hypoxia
   (compensated)     

C1: 
Mild deficit in circulation
• HR > 110
• SPB > 100
• Response to < 2 L crystalloid
   infusion      

D1: 
Mild head injuries
• GCS 14-15
Brachial plexus injury
• Neuro deficits    

E1:
Closed extremity fractures
• Without vascular compromise
   1st degree burn    

2 B2: 
Moderate deficits 
• Hypoxia
• Resolution with simple 
   procedures,  (i.e., chest tube)
• Simple pneumothorax
• Flail chest
• Subcutaneous emphysema       

C2:  
Moderate evidence of circulatory 
shock
• Hypotension responding to
   blood product transfusion 
   (< 10 units RBC)
• Major external bleeding
   amenable to direct pressure

D2: 
Moderate Head injuries
• GCS 9–13
Thoracic or lumbar spine
injury 
• Neuro deficits   

E2:
Open extremity fractures or any
extremity injury
• With vascular compromise
   2nd degree burn
• < 9% of BSA      

3 A3:
Difficult airway
• Expert oral–endotracheal 
   intubation (with fiberoptic or 
   glidescope)
• Surgical airway, e.g.:
   º Major facial fractures
   º Blood in airway
   º Enlarged tongue
   º Obese
   º Short neck 

B3: 
• Hemodynamically unstable 
   (obstructive shock)
• Tension pneumothorax (with 
   or without hypoxia)
• Significant subcutaneous
   emphysema
• Fluctuations in hypoxia       

C3:
Significant circulatory shock
• Transient response
• Massive transfusion
• Necessitating angio/operative
   source control      

D3:
Severe head injury
• GCS < 8
High cervical spine 
injuries
• Neuro deficits
• Spinal shock
• With or without 
   respiratory failure         

E3:
Major extremity injury
• With amputation 
   2nd degree burn
• 9%–18% of BSA
3rd degree burn
• < 9% of BSA

4 A4:
Major airway obstruction
• Necessitating immediate 
   surgical airway, e.g.:
   º Unable to intubate orally
   º Penetrating airway injury 
   º Blunt laryngeal fracture

B4: 
• Persistent significant hypoxia 
• Major pulmonary contusions
• Air embolism
• TRALI   

C4:
Profound sustained circulatory 
shock
• Despite appropriate
   resuscitation and maneuvers
   (nonresponder)
• Necessitating operative source
   control     

D4: 
Severe head injury
• Pupil dilation
Severe spine injury
• Neuro deficits
• Spinal shock
• Hypotension and 
   bradycardia

E4:
Mangled extremity
• With or without vascular 
   compromise
• Significant degloving injury
   2nd degree burn
• > 18% of BSA
   3rd degree burn
• > 9% of BSA        

SCORE     

TOTAL SCORE  

NB: bolded criteria should mainly determine level of complexity.
Any scenario that is designed to proceed to a cardiac arrest with or without the ability to reanimate or death should receive a score of 20   
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level on harmful steps did show statistical significance (F1,71 = 
6.71, p < 0.0001). Medical students took more harmful steps 
(mean 13.2) than residents (mean 8). A significant interaction 
between training level and scenario difficulty was found 

(p < 0.0001) (Table 2). Though the number of beneficial 
actions was similar between students and residents, the for-
mer always performed more harmful actions and significantly 
more so when the scenario was difficult.

Fig. 2. Case map of the easy virtual patient scenario.

Fig. 3. Example of a question asked of a trainee in a virtual patient scenario.
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When we explored the ratio of beneficial to harmful 
steps, the main effect of training level on the ratio was 
not statistically significant (F1,71 = 2.53, p = 0.1162), but 
the main effect of scenario complexity was statistically 
significant (F1,71 = 24.3, p < 0.0001). The ratio was lower 
among participants who completed the complex scenario 
than those who completed the easy scenario. No interac-
tion was detected (p = 0.9138) (Table 2). For each harm-
ful action performed, the number of beneficial actions did 
not vary significantly by training level, but the number 
did decrease significantly when the scenario was difficult.

Interestingly, there was a statistically significant associa-
tion between level of training and virtual time (F1,71 = 8.40, 
p = 0.0050). Medical students took more time to navigate 
through the scenario than residents (median 6410 v. 
4780 s). The scenario complexity was also significantly 
associated with virtual time (F1,71 = 5.8, p  = 0.0187), with 
the difficult scenario taking more time (6930 v. 4602.5 s). 
There was no interaction between the scenario difficulty 
and training level.

Death as a scenario outcome occurred only in the medi-
cal student group, including 1 death in the easy scenario 
and 3 deaths in the difficult one. There were no virtual 
patient deaths for residents.

discussion

We chose virtual patient simulation to determine the 
validity of the MSCS by illustrating the influence of level 
of complexity on performance.

Training level did not significantly affect beneficial 
actions, the ratio of beneficial to harmful actions or the 
number of steps. Notably, medical students performed 
similarly to general surgery residents in the easy scenario, 
which may reflect the fact that medical students were 
concurrently studying for clerkship examinations. They 
were most likely doing so at a level appropriate for the 
performance of the easy scenario, explaining why out-
comes were similar between residents and students who 
completed the easy scenario. We noted a significant dif-
ference in harmful actions between students and resi-
dents. In the difficult scenario, students did almost twice 
the number of harmful actions as residents. Therefore, 

although the difference in favour of the residents was not 
significant in terms of beneficial actions, there was a sig-
nificant reduction in the number of harmful actions with 
increasing level of training.

When analyzing the effect of scenario complexity, we 
observed significant differences in beneficial actions, 
harmful actions and the ratio of beneficial to harmful 
actions. This ratio, the outcome best suited for comparing 
the scenarios, was remarkably higher for the easier scen-
ario. The residents nearly doubled the number of harmful 
actions posed when faced with the more complex virtual 
patient, and the students tripled them. Our results showed 
that, as expected, performance declines with increasing 
complexity as measured by the MSCS.

These findings support the use of the MSCS as a scor-
ing tool. Performance declined with increasing MSCS, as 
anticipated. We have therefore established the validity of 
the MSCS using virtual patient scenarios.

Skills learned in the simulation setting are better 
acquired and retained, compared with didactic teaching. 
This was illustrated in a study of 216 Swedish medical stu-
dents that explored hematology and cardiology topics 
either using a standardized patient, a traditional method 
or both. Standardized patients were a superior approach 
to traditional teaching in both learning and evaluation.4 
The same group also showed that exercises involving vir-
tual patients resulted in better knowledge retention.5 
Simi larly, Cherry and colleagues7 showed improved med-
ical student performance with human patient simulators in 
trauma. They reported that the students subjectively pre-
ferred the simulator to traditional training.6 Virtual 
patient learning has been successfully implemented in 
American and Canadian medical schools.7

The use of virtual patients as an educational tool has 
some drawbacks, such as the lack of human contact and the 
reality of in-hospital patients. However, according to Cook 
and colleagues,1 the place of virtual patients lies in enfor-
cing clinical reasoning, defined as “the application of 
know ledge to collect and integrate information from vari-
ous sources to arrive at a diagnosis and management plan.” 
The development of clinical reasoning relies on numerous 
and various case examples provided in the form of virtual 
patients. On the continuum of competency, virtual 

Table 2: Two-way analysis of variance of training level and scenario difficulty

Variable

Easy scenario, mean ± SD Difficult scenario, mean ± SD p value

Medical student Resident Medical student Resident Complexity Training level Interaction*

No. of steps 107.5 (20.2) 107.3 (20.0) 129.7 (12.9) 106.4 (20.2) 0.0116 0.0058 0.0064

Virtual time 5854 (3673) 4433 (2012) 8323 (3023) 5494 (1646) 0.0187 0.0050 0.3407

Beneficial actions 41.5 (6.9) 41.5 (5.8) 50.1 (7.0) 45.7 (9.9) 0.0007 0.2223 0.2139

Harmful actions 6.1 (3.5) 5.6 (3.3) 19.7 (4.9) 10.4 (2.8) < 0.0001 < 0.0001 < 0.0001

Ratio of beneficial to 
harmful actions

9.3 (5.8) 11.6 (10.9) 2.7 (0.9) 4.8 (1.8) < 0.0001 0.1162 0.9138

SD = standard deviation.

*The interaction between complexity and level of training.
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patients come after the consolidation of core knowledge 
through small groups and lecture, and right before the 
standardized patient aimed at teaching how to take a 
patient history and conduct examination.8

To facilitate building of clinical reasoning, care should 
be given to the format of design of the virtual patient. 
Cook and colleagues1 provide examples of features to be 
considered when creating a scenario, including interactiv-
ity, case progression, knowledge of diagnosis and feedback 
and instruction, among others. However, even when 
 taking these into account, a problem remains: trainees at 
varying levels are at different stages of learning in terms of 
their knowledge base or number of cases retained.9 This is 
where we believe that case design based on the MSCS can 
be very useful. It can personalize the complexity of a 
trauma scenario to a given level of training so that the 
acquisition of clinical reasoning is optimized.

The MSCS can also address gaps in knowledge.1 The 
MSCS framework can be used to identify precisely 
which component is troublesome to the trainee. For 
example, if trainees have difficulty with an A0, B1, C1, 
D0, E3 case, we can tailor the trauma curriculum to 
include more discussion on major extremity injuries. By 
structuring scenario design, the MSCS can be used to 
identify which learning points should be emphasized. 
Morever, the virtual patient scenarios constructed with 
the MSCS are well-reviewed by learners in terms of 
location and time flexibility, interactivity, stress-free 
context, goal-directedness and ease of use.

Our scoring system of virtual patient scenarios, 
using beneficial and harmful action, is of interest 
namely for assessment of competency in medicine. The 
ratio of beneficial to harmful actions provides a rela-
tively simple measurement of overall quality of a train-
ee’s decision-making ability. This could be used in 
training programs and other learning environments for 
evaluation purposes, but also to highlight areas of pos-
sible improvement.

We believe that our novel score can be applied to the 
design of virtual patient scenarios, a promising adjunct to 
current learning strategies employed in medical educa-
tion.8–10 Together with high-fidelity simulation, interac-
tive computer-based learning can become a new method 
of optimizing knowledge retention in trauma education. 

Future directions include the determination of the 
MSCS difficulty of trauma simulations that is appropri-
ate for junior or senior residents to demonstrate their 
competency. This would aid in tailoring their trauma 
education and performance evaluation, and could even 
be incorporated into competency-based learning. Fur-
thermore, the MSCS framework could be used in the 
creation of high-fidelity mannequin simulation scenarios, 
as well as live mass casualty simulation. Further work in 
the validation of the MSCS in these scenarios needs to 
be conducted.

Limitations

The complex nature of the difficult scenario made it lon-
ger, meaning there was more potential for beneficial and 
harmful actions to be done. We addressed this issue by 
using a ratio of beneficial to harmful actions as an out-
come. Other than level of training, factors influencing a 
higher number of harmful actions include comfort, anx-
iety, presence of higher executive functional abilities and 
fatigue. Our study did not account for these factors. 
Lastly, it is unclear at this stage how many virtual trauma 
simulations should be performed to translate into clinical 
improvement in bedside experiences.

conclusion

The MSCS framework can be used to design and assess 
trauma simulation on various platforms and is a break-
through in trauma education. In the virtual patient 
scen arios designed with the MSCS, performance varied 
with level of complexity, as expected, and there was sig-
nificant interaction with level of training for 2 perform-
ance outcomes, namely number of steps and number of 
harmful actions. Moreover, decreasing performance 
with increasing level of complexity, as defined by the 
MSCS, suggests our score can accurately quantify diffi-
culty. As such, we were able to establish the validity of 
our score and demonstrate that the MSCS truly reflects 
varying levels of complexity.
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