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Abstract
Trauma is the leading cause of death in people under 45 years old and one of the leading causes of death in the world. There-
fore, specific trauma training during medical school as well as after it is crucial. Web-based learning is an important tool in 
education, offering the possibility to create realistic trauma scenarios. A web-based simulator has been developed and a pilot 
study has been accomplished to trial the simulator. A pelvic trauma scenario was created and 41 simulations were performed, 
28 by medical students and 13 by doctors. The data analyzed are the actions taken to treat the trauma patient, the evolution 
of the vital signs of the patient, the timing spent on deciding which action to take, when each action was performed and the 
consequence that it had on the patient. Moreover, a post-simulation questionnaire was completed related to the usability of the 
simulator. The clinical treatment performance of doctors is better than the performance of medical students performing more 
actions correctly and in the right sequence as per ATLS recommendations. Moreover, significant differences are obtained in 
the time response provided to the patients which is key in trauma. With respect to the usability of the tool, responses provide 
a positive usability rating. In conclusion, this pilot study has demonstrated that the web-based training developed can be used 
to train and evaluate trauma management. Moreover, this research has highlighted a different approach to trauma treatment 
between medical students and doctors.
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Purpose

Trauma is one of the leading causes of death in the world being 
the main cause of death in people under 45 years old [1]. Trauma 
deaths have followed a classical trimodal distribution [2], but 
the epidemiology of these deaths have changed since the year 
2000 towards a bimodal distribution in which the third peak is 

no longer detected [3–5]. Whereas immediate deaths are still 
quite high, the second and the third peak merge, not showing 
differences, as deaths tend to constantly decline with time [6, 7].

Therefore, as immediate deaths are still an important 
number, trauma training remains to be a necessary task. The 
advanced trauma life support (ATLS) training was created in 
1978 in the United States [8] and since then, it has been dis-
seminated all around the globe being the main trauma standard 
in approximately 44 countries [9]. Nevertheless, this training 
is only available for doctors and not medical students. Due to This article is part of the Topical Collection on Education & 
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this fact, medical students request more trauma specific train-
ing [10, 11] and the American College of Surgeons have cre-
ated an introductory trauma course named Trauma Evaluation 
and Management (TEAM) [9]. Moreover, the ATLS training 
is restricted to a number of students per year and therefore, 
there is a waiting list that depending on the country could vary 
from 6 months to 2½ years. Taking all this into account, other 
trauma training methods are arising [12–15]. Some of these 
trainings focus on prehospital trauma management [16–20], 
some other center on specific technical skills [21] and, addi-
tionally, trauma trainings are incorporating non-technical skills 
to improve the management of the trauma patient [22–24]. 
Technical skills pay attention to training specific techniques 
and treatments whereas non-technical skills put emphasis on 
managing the trauma scenario including communication, lead-
ership and coordination with different clinical specialties.

The role of simulation in clinical training is key [25–28]. 
There are several simulation modalities and each of them has 
advantages and disadvantages [29, 30]. Simulation could be 
classified as low-fidelity, medium-fidelity and high-fidelity. The 
fidelity refers to the degree of accuracy with which a simulator 
represents a real clinical situation. Low-fidelity simulation is 
used to train specific technical skills such as airway manage-
ment whereas high-fidelity simulation is used to train non-tech-
nical skills including a simulated patient in which the simulator 
is able to replicate a real clinical scenario. To do so, different 
simulators are used from high-fidelity mannequins to standard-
ized patients, skill stations or web-based simulation [29, 30].

Web-based simulation allows to provide an authentic learn-
ing environment to train experiences that could happen in the 
clinical practice. Moreover, it allows the possibility to train a 
high number of students simultaneously providing an objective 
training tool that is demanded in medical schools [31]. Web-
based simulators offer several possibilities providing flexibility 
to the trainings, allowing several profiles to access to the dif-
ferent trainings and it is more cost-effective than mannequin-
based simulation. Moreover, it offers the possibility to objec-
tively evaluate the simulation which is an important aspect 
considering that there is a lack of reliable objective evaluation 
tools in emergencies such as a trauma scenario [32].

Thus, the aim of this work is to develop a web-based 
trauma simulator (WBTS) to train trauma management skills 
that will allow different profiles to train these skills, evalu-
ate them and easily implement it in any clinical institution.

Methods

Web‑based simulator

The WBTS developed has as objective to train and support 
clinicians in the trauma management treatment. Therefore, 
this tool emulates a virtual patient who suffers a specific 

traumatic lesion which will be called trauma scenario. This 
trauma scenario is previously created by a trainer who will 
be in charge of defining all the details of the trauma scenario 
to train. Once the trauma scenario is created, it is assigned to 
a trainee who will be in charge of treating and managing the 
virtual patient. The main page of the WBTS is composed by 
three components: the virtual patient, the vital signs of the 
patient and the actions to accomplish to treat the patient as 
shown in Fig. 1. Additionally, along the simulation, all the 
actions accomplished as well as the impact that those actions 
have on the vital signs of the patient and the timing in which 
those actions are done are recorded. This allows to issue a 
report automatically once the simulation is finished in which 
all this information is shown. This will help the trainee to 
analyze the simulation in detail and the trainer to objectively 
evaluate the performance of the trauma scenario. To develop 
this WBTS, the application created has been designed taking 
into account three parts: the backend, the frontend and its 
deployment in Docker [33]. To be able to do so, the follow-
ing computing environments need to be installed: Node.js, 
MySQL, Docker and Visual Studio Code. The source code is 
available at: https://​github.​com/​Robol​abo/​trauma-​simul​ator.

Simulation details

The ATLS separates the assessment of a trauma patient 
care in two parts, a primary and a secondary survey [34]. 
In the primary survey, life-threatening injuries are man-
aged whereas other injuries are diagnosed and treated in the 
secondary survey. Therefore, the pilot study that will prove 
the WBTS will be based on the primary survey of a pelvic 
trauma scenario. The pelvic trauma scenario has been sim-
plified as no other injury is simulated in the patient.

The pilot study was conducted at IdiPAZ—Hospital La 
Paz Institute for Health Research in Madrid, Spain [35]. 
A pelvic trauma scenario was defined in which the trainer 
defined the characteristics of the trauma case that the trainee 
will manage. Therefore the sex of the patient, age, part of the 
body affected together with the vital signs of the patient at 
the time of the trauma scenario will be provided as shown in 
Fig. 2 in which all the details that the trainer sets are shown.

Moreover, the remaining lifetime of the patient if no 
action is taken is provided. This creates a more realistic 
scenario in which a fast and efficient response should be 
provided under stressful circumstances.

Considering the set of actions defined that could be 
accomplished in the pelvic trauma scenario together with 
the ATLS guidelines, 432 different sequences of actions 
could be accomplished to treat the virtual patient and will 
be determined as references. These different sequences, 
scenarios, are defined taking into account the different 
actions to accomplish and the evolution of the virtual 
patient and have the number of actions shown in Table 1. 

https://github.com/Robolabo/trauma-simulator
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Therefore, as an example, 12 different scenarios have eight 
actions which means that, taking into account the actions 
included in the simulator, 12 different possible scenar-
ios could be performed to treat the patient carrying out 
eight different actions. These are the scenarios that were 
possible to accomplish when treating the trauma patient. 
Each of the participants applied a different procedure, 

performing a different sequence of actions from all these 
options. These data were gathered and analyzed.

Participants

Final-year medical students and doctors with an average 
experience of 12.36 ± 7.45 years were invited to participate 

Fig. 1   Web-based simulator in which the virtual patient is shown together with his vital signs and some of the actions that could be accom-
plished

Fig. 2   Trauma scenario definition screen. This section is only available for trainers in which the trauma scenario together with the trainee will be 
defined and selected
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in the pilot study to test the WBTS. An explanation on the 
WBTS was provided together with the instructions they must 
follow during the simulation. All participants received a 
15 min explanation on the WBTS together with a first trial 
to get familiar with the simulation set-up. Once the trauma 
scenario was finished, a post-simulation questionnaire was 
distributed in order to gather information about the user 
experience. In total, 28 simulations from final-year medical 
students and 13 from doctors were analyzed.

Data analysis

The WBTS has a database associated due to the need to 
gather and analyze the data generated during the simulation. 
From one side, this allows the trainee to use this tool as a 
training tool having access to what has happened during 
the simulation. One the other side, this allows the trainer to 
objectively evaluate the performance of a trainee.

The data analyzed are the actions taken to treat the trauma 
patient, the evolution of the vital signs of the patient, the 

timing spent on deciding which action to take, when each 
action was performed and the consequence that it had on 
the patient. This data is studied to obtain information about 
which actions were performed during the simulation, if those 
actions were performed following the ATLS guidelines and 
if the timing in which the actions were done was the right 
one for the patient. Moreover, this analysis is done compar-
ing two different groups of participants: final-year medical 
students and doctors and the Wilcoxon rank-sum test has 
been used to compare the two samples. This test has been 
performed in Python and statistical significance is obtained 
if the p-value is lower than 0.05.

Once the simulation is finished, post-simulation ques-
tionnaires are also analyzed to evaluate the usability of the 
training tool. The questionnaire consists of a set of closed-
questions concerning their attitude and perception of the 
learning experience on a seven-point Likert-type scale rang-
ing from strongly disagree to strongly agree [36]. The ques-
tions addressed are shown in Table 2.

Results

The WBTS was tested with the pelvic trauma case explained. 
All the participants completed successfully the trial and a 
comparison analysis between the performance of the final-
year medical students and doctors was done.

From all the data gathered several parameters were ana-
lyzed as shown in Table 3.

Some of the parameters show no difference between 
the groups. For example, the timing spent on the treatment 
in both groups is around 230 min. Both groups perform a 
mean of seven correct actions along the treatment. Taking 

Table 1   Number of scenarios 
and the number of actions 
included in each scenario

Number of sce-
narios

Number 
of actions

12 8
48 9
96 10
120 11
96 12
48 13
12 14

Table 2   Questions of the 
usability questionnaire

Questions

Q1. In general, the tool is easy to use
Q2. I feel comfortable with the tool
Q3. The simulator is easy to learn
Q4. The tool shows errors and how to solve them
Q5. The information provided in the simulator is clear
Q6. It is easy to find the information
Q7. The information provided is easy to understand
Q8. The information provided is effective to support the simulation
Q9. The organization of the information in the screen is clear
Q10. Do you consider the order of the elements of the screen adequate?
Q11. Do you consider that all the needed parameters/monitoring information to treat a pelvic trauma sce-

nario are shown in the simulator?
Q12. The interface is friendly
Q13. I like the interface of the simulator
Q14. The simulator has all the functionalities that you would like to have in a web-based simulator
Q15. In general, you feel satisfied with the simulator



Journal of Medical Systems           (2021) 45:96 	

1 3

Page 5 of 10     96 

into account the 432 different sequences of treatment, these 
results show that in some cases (14% of them) seven actions 
are close to the number of actions needed to treat the patient 
as shown in Table 1. However, in most of the cases (86%) 
they are not enough. Additionally, the correct sequence of 
actions taken to treat the patient as per ATLS guidelines is 
analyzed. Moreover, the mean of correct sequential actions 
as per ATLS is three actions for students whereas four for 
doctors, showing no significant differences. However, some 
other variables are observed to report important differences 
between the groups. They are explained hereafter.

Airway assessment

The first step to accomplish during the primary survey of a 
trauma patient is the airway assessment. 71% of the students 
takes this first step whereas only 84% of the doctors does it. 
From the students that inspect the airway, they do it from the 
third minute of treatment onward whereas the doctors start 
to inspect the airway during the first two minutes, showing 
significance (p-value = 0.0020) between the two groups ana-
lyzed as shown in Fig. 3.

Breathing

Breathing is the second item to accomplish during the 
primary survey. As in this case there are no pneumotho-
rax, hemothorax or contusions, the clinical problems that 
may arise with respect to assure a correct breathing of the 
patient could be treated with measures such as ventilation 
or intubation. Actually, 96% of the students oxygenate the 
virtual patient and all the doctors also do it. The difference 
between the two groups is the moment in time in which 
they oxygenate the patient but not statistical significance 
is obtained (p-value = 0.5129). Students oxygenate in a 
wider range and in moments in time that are quite late 
such as 150 or 166 min after the arrival of the patient to 

the medical facility. All the doctors do it more or less in a 
similar time range as shown in Fig. 4.

Circulation and hemorrhage control

Circulation is the third priority during the primary sur-
vey. Notice that the main cause of problems in circula-
tion are hemorrhages. Because the virtual patient suffers 
a pelvic trauma, a pelvic binder should be placed as soon 
as possible in order to decrease blood loss. Then, liquids 
should be provided in order to reinstate a normal blood 
volume as soon as possible. 71% of the students place a 
pelvic binder on the patient and 77% of the doctors does 
it. Nevertheless, the response in time of the location of 
this device is done late in both groups as shown in Fig. 5 
and statistical significance is obtained (p-value = 0.0165). 
The median response time of the students is 72  min 
[Q1 = 2.50, Q3 = 116] and for the doctors it is 157 min 
[Q1 = 99, Q3 = 162.75]. Therefore, students perform this 
action better than doctors but, in both cases, a scarcity is 
trauma training is clearly perceived.

Moreover, 86% of the students infuse liquids to regain 
a normal blood volume and 92% of the doctors does it too 
to support the blood circulation restoration.

Disability

Disability should be assessed as the fourth task to accom-
plish during the primary survey. None of the participants 
made this assessment nor the students nor the doctors.

Exposure

The last step of the primary survey considers the exposure of 
the patient such as hypothermia, burns or possible exposure 

Table 3   Parameters analyzed 
during the simulations and 
comparison between medical 
students and doctors

Parameter Medical students Doctors

Treatment time 237 ± 68 (mean ± SD) 228 ± 62 (mean ± SD)
Number of actions performed 10 ± 2 (mean ± SD) 10 ± 2 (mean ± SD)
Number of correct actions performed 7 ± 6 (mean ± SD) 7 ± 4 (mean ± SD)
Number of sequential actions performed 3 ± 2 (mean ± SD) 4 ± 3 (mean ± SD)
Airway inspection 71% (20/28) 85% (11/13)
Patient oxygenation 96% (27/28) 100% (13/13)
Patient intubation 68% (19/28) 54% (7/13)
Pelvic binder placement 71% (20/28) 77% (10/13)
Blood transfusion 86% (24/28) 92% (12/13)
Crystalloids administration 71% (20/28) 85% (11/13)
Thermal blanket 43% (12/28) 15% (2/13)
Hot liquids administration 21% (6/28) 62% (8/13)
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to chemicals. In the cases in which the body temperature of 
the patient is below or equal to 35 °C, 64% of the students 
provides the patient with hot liquids or with a thermal to 
increase the temperature of the patient. The percentage of 
doctors that take those measures in order to increase the 
body temperature of the patients is of 77%. There have been 
no important differences between both groups with respect 
to when the trainees, students or doctors, apply a treatment 
to the virtual patient to avoid hypothermia. The patient of 
this trauma scenario does not suffer any burns or exposure 
to chemicals.

Usability of the web‑based simulator

A post-simulation questionnaire was provided to all the 
participants in order to evaluate the usability of the WBTS 
developed. This questionnaire aims to evaluate the usabil-
ity of the tool in which seven is the highest mark and one 
is the lowest one. In all the questions addressed as shown 
in Fig. 6, the doctors provide a lower score than medical 
students except for question Q4. This question is the one 
that refers to “The tool shows errors and how to solve 
them”.

Fig. 3   Airway inspection 
response and the differences 
between doctors and students

Fig. 4   Oxygenation response time performed by doctors and by medi-
cal students

Fig. 5   Response time in placing a pelvic binder to the patients for 
both doctors and students
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Four questions get the maximum median punctuation in 
total, six questions get the second maximum median punc-
tuation. Three questions get a five and only one question gets 
a lower score which is Q4.

Discussion

The goal of this pilot study was to demonstrate that the 
WBTS can be used to train and evaluate trauma manage-
ment. Taking into account the results presented in the previ-
ous section, this goal is achieved and a clear need for trauma 
management is detected taking into account the results 
obtained. The number of correct actions performed to treat 
the trauma patient were not enough in the majority of the 
cases and as well as the number of correct sequential actions 
accomplished. Both groups, students and doctors, showed 
a need for training being more noticeable in the medical 
students group. There are some trauma trainings to medical 
students but the best practice to teach trauma management 
at an undergraduate level has not yet been determined [30, 

37]. Additionally, with this web-based simulation, it is pos-
sible to gather objective information of all the steps taken 
during the simulated trauma scenario which matches with 
one of the objectives of clinical simulation: to allow a more 
objective evaluation of a simulated scenario [38, 39]. This 
has a positive impact, not only on the evaluation process, but 
also on the learning process of the trainees. They will have 
all the information to analyze what they have done and what 
has happened during the trauma scenario. Moreover, using 
the web-based technology allows the trainees to repeat the 
simulation as many times as needed offering the possibility 
to train several trainees at the same time.

Airway assessment

It is expected that differences appear between the two groups, 
medical students versus doctors. Actually, this is the action in 
which the difference between the two groups is clearer. Moreo-
ver, it is critical for a trauma patient to inspect first of all the 
airway in order to clean it in case it is necessary. If this is not 
done at the very beginning, the life of the patient might be in 

Fig. 6   Usability post-simulation questionnaire. The values shown are the medians of the answers provided by all the participants in blue and by 
the students in orange and the doctors in green (colour figure online)
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serious danger. Therefore, there is a clear need to train students 
on trauma treatment as only half of the students inspect the 
airway along the treatment and all of them do it in a timing 
which is not adequate for a trauma patient.

Breathing

With respect to breathing, there are also important differ-
ences. In this case almost all of the students performed this 
second item to accomplish during the primary survey but 
most of them do it late in time. Oxygenation is key to bring 
oxygen to tissues and organs and if this is not guaranteed 
important consequences on the patient’s life might happen. 
Training students not only on performing this task but also 
on when to do it is necessary to avoid important conse-
quences that might risk the life of a patient with a trauma 
lesion.

Circulation and hemorrhage control

With respect to hemorrhage control and blood volume restora-
tion, it seems that more training is needed with respect to the use 
of a pelvic binder and when to use it. The pelvic binder is key to 
control hemorrhages and should be placed as soon as possible, 
if not, tasks such as providing crystalloids of blood transfusions 
will not be of value as the volume infused will be lost through 
the hemorrhage; therefore, for both students and doctors it is 
important to train pelvic trauma protocols to reinforce the impor-
tance of this task and when to accomplish it.

Disability

Even though the WBTS offers the option to talk to the 
patient to find it how he or she feels, none of the partici-
pants used this option focusing on the rest of actions that 
they may accomplish during the simulated trauma scenario. 
In this case, the patient was confused after the lesion, but 
no dialogue was started, and no specific procedure was to 
evaluate the visual, verbal and motor response of the patient.

Exposure

To pay attention to other important aspects to which the patient 
might be exposed is also important. In this case, the patient 
temperature was below 35 °C in most of the cases taking into 
account the evolution of the patient and the actions taken. 
To increase the body temperature is a must. This pilot study 
showed that both groups, students and doctors have to payed 
more attention to this fact as there is still an important percent-
age of trainees that did not take any measure.

Usability of the web‑based simulator

With respect to the usability of the tool, the responses were 
all quite positive. There are some aspects to improve such as 
the information provided in the tool and how it was shown. 
The actions could be grouped facilitating the treatment of 
the patient and this might be done taking into account the 
profile of the trainee. Also, more functionalities could be 
included providing more options to interact with the virtual 
patient and allowing to explore the patient. Nevertheless, the 
satisfaction of the WBTS was high.

Conclusion

The pilot study accomplished demonstrates that the WBTS 
is suitable to train and evaluate trauma management. The 
simulator allows to interact with a virtual patient as the treat-
ments applied have an impact on the patient. Moreover, all 
the treatments are recorded as well as the impact on the vital 
signs of the patient which allows the trainee to use this simu-
lator as a learning tool and it allows the trainer to objectively 
evaluate the performance of the trainee.

Additionally, this study has highlighted the scarcity 
trauma training specially in the medical students’ 
community as highlighted in [10, 11]; nevertheless, 
also doctors may need trauma management refreshing 
courses [40]. The skills gained from an ATLS training 
need to be reinforced. If they are not maintained, they 
start to decrease after six months [41–44]. Therefore, a 
WBTS could be implemented to further refresh the main 
trauma management skills. Moreover, it has been proved 
that simulation training programs may have an impact 
on decreasing the time for trauma treatment [45–47]. 
Consequently, this WBTS presents an alternative tool to 
continue improving the treatment time.

Nonetheless, further work needs to be done implementing 
more trauma scenarios that would allow to cover more 
lesions as well as polytrauma patients. Also, the pilot study 
should be extended to a larger community performing a 
regular training using this tool and analyzing its impact. 
To do so, the tool should be used for a predefined period 
between the first simulation case and the last one. The 
students evolution should be analyzed in order to assess 
the impact of the WBTS on trauma management learning. 
Additionally, a specific debriefing session should be 
developed to provide a comprehensive analysis of the 
simulations performed.
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