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Abstract— The ABCDE method, used internationally to 
treat seriously ill patients, is a complex skill that is 
commonly trained in face-to-face-courses. In the 
abcdeSIM game, used as a preparation for these courses, 
players treat patients in a virtual emergency 
department. We applied the Four Component 
Instructional Design theory to redesign the existing 
game. In this article, we describe how the components of 
this instructional design theory can be applied to a 
serious game for medical education.  

Keywords—serious game, instructional design, education, 
emergency medicine  

I. INTRODUCTION 

Caring for acutely ill patients is a demanding task in 
which doctors have to combine medical knowledge with 
procedural, problem solving and communication skills. 
Proficiency in these skills is often directly related to patient 
safety. For the young doctor or medical student, the 
endeavor can be daunting when not sufficiently trained. 
However, this type of skills training is expensive, as it 
usually is done in small groups [1]. Games can be used in 
combination with face-to-face training and have the 
potential to teach complex cognitive skills in an engaging, 
flexible and patient-safe way [2].   

The ABCDE method is used internationally to assess 
and treat acutely ill patients. By applying the principles of 
‘treat first what kills first’ the health practitioner can 
structure the approach to the acutely or seriously ill patient 
using a simple mnemonic: Airway, Breathing, Circulation, 
Disability, Exposure. The ABCDE method is taught to 
medical students, physicians, and nurses in various face-to-
face courses. Although such courses are generally effective, 
costs are high [1].  

By offering part of the training in a serious game, the 
results of training for residents preparing for a rotation on 
the emergency department were improved [3]. However, 
medical students, playing the game did not perform better 
than students who studied the same (low fidelity) text-based 
cases without game elements. The game group showed 
higher motivation and higher cognitive load, but did not 
perform better on assessment of their ABCDE skills [4]. A 
possible explanation for this observation may be that 
students experience too little support and guidance in the 
game, not knowing where to start improving their skills. An 
alternative explanation is that students believe there is no 
additional learning to be gained by completing the same 

case more than once.  
Instructional design theories help to develop effective 

instruction. The Four Component Instructional Design 
approach [5] (4C/ID) provides a framework for developing 
instructional material for complex tasks, such as applying 
the ABCDE method. 4C/ID has been used in designing 
games for learning in several fields, including marketing 
and communication [6], mechatronics [7], and research 
methods and statistics [8]. For medical education, the 4C/ID 
model is suggested to design evidence based medicine 
training programs in classrooms and clinical settings [9]. To 
our knowledge, no serious games for medical education 
have been designed according to 4C/ID. Thus, we seek to 
answer the following research question: 

How can the Four Component Instructional Design 
theory be applied to redesign an existing serious game 
for training complex skills in emergency care?  

We hypothesize that to apply the 4C/ID model to an existing 
game while preserving the game experience, we will require 
input from various perspectives including game designers. 
Not all elements may be as easily translated to the game 
context.  

II. MATERIALS  

A. Four-component instructional design 

The four components of instructional design as described 
by van Merrienboer et al. [5] consist of learning tasks, 
supportive information, procedural information and part-task 
practice (Fig. 1). Learning tasks engage the learner in 
activities that require them to work with the skills that make 
up the complex skill. The learning tasks stimulate learners to 
construct cognitive schemata, specifically mental models that 
allow for reasoning within the domain, and cognitive 
strategies that guide problem solving in the domain. 
However, if a task presented at the start of training is too 

This work is part of the research programme “Using real-time 
cognitive and non-cognitive indicators for regulation and self-regulation in 
game-based learning” with project number 055.16.117, which is partly 
financed by the Netherlands Organization for Scientific Research (NWO).  

 
Fig. 1. A schematic blueprint of the Four Component Instructional 
Design. Adapted from [5] with permission.  
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complex, it results in cognitive overload for the learner, 
which impairs learning and performance. By grouping 
learning tasks into task class levels, the learner starts with 
less complex tasks and progresses toward more complex 
tasks. Within a task class, support and guidance is offered at 
a high level initially, and decreased in subsequent tasks. 
After mastering one task class, the learner moves to the next 
task class, again starting with a high level of support and 
guidance. Procedural information is information that 
supports the learner in performing recurrent aspects of a 
skill, that is, aspects that are always performed in the same 
way and that can become routines. This information, 
intended to support automation, should be presented in a 
just-in-time (JIT) manner. Supportive information is domain-
general information and is not task-specific, but task-class 
specific. It supports the learner in developing general 
schemas and problem-solving approaches. Finally, part-task 
practice can be necessary for recurrent aspects of a task 
where a high level of automaticity is required. These four 
components are the building blocks for training programs 
designed according to the 4C/ID model.  

B. The abcdeSIM game 

The abcdeSIM game (Erasmus University Medical 
Center/VirtualMedSchool, 2012; more detailed description at 
http://virtualmedschool.com/abcdesim) was developed in a 
close collaboration between medical practitioners, game 
designers and educationalists. In the game, the player is 
presented with an acutely ill patient in a virtual emergency 
department. The virtual nurse provides brief information on 
the patients’ condition. All the tools and information 
available in a real-life emergency department are available to 
the player. The player can perform a physical examination, 
start treatments (e.g. insert an IV cannula, start high flow 
oxygen), administer medication and order additional 
diagnostic tests (e.g.  laboratory testing or a chest X-ray). In 
fifteen minutes, the player must complete a full ABCDE 
assessment of the patient and start the necessary treatments. 
Several patient cases are available with different medical 
conditions and levels of sickness. Vital parameters and the 
condition of the patient are generated by a complex 
physiological model that is influenced by the players’ 
actions. This results in a realistic feel of the scenario. After 
completing the assessment and starting treatment, the player 
can decide to move on to ‘secondary survey’. They are then 
provided with feedback on their actions and a game score, as 
well as a narrative on how the patient fared after their care. 
The game score depends on the number of acceptable 
decisions made according to the ABCDE approach. 
Completing a case faster than 15 minutes rewards additional 
points. For more details on the original game design, please 
refer to [3].  

III. INTERVENTION 

To improve the instructional value in abcdeSIM using 
the 4C/ID model, we investigated and redesigned the game, 
looking closely at each component in turn. To improve the 
learning tasks, a content expert classified the available 
patient cases into three complexity levels based on the level 
of physiological disturbance and the number of 
interventions required to successfully complete the case. 
Three additional cases were added to ensure adequate 
distribution of cases across complexity levels.  

While solving unfamiliar problems, experts use 
Systematic Approaches to Problem Solving (SAPs), that is, 
a general prescriptive plan that specifies the goals and 
subgoals that must be reached when solving problems in a 
particular domain. The ABCDE approach is an example of a 
SAP used to solve the problem of assessing and stabilizing a 
critically ill patient. We created time-based reminders on 
essential case-specific interventions to help the player stay 
on track and follow the ABCDE approach.  

Supportive information is offered in two ways. An e-
module explaining detailed information on the ABCDE 
method was already provided alongside the game tutorial 
and could be accessed in between cases. To provide the 
opportunity to use the supportive information available in 
the e-module during play, we created a pause button, in 
order to prevent the patient from deteriorating (as would 
normally happen in the absence of game interventions). This 
button may also serve as a way for the player to deal with 
cognitive overload, or use other types of help, such as peer 
or faculty support, depending on the setting in which the 
game is embedded in the curriculum. As additional support 
for schema construction, we added a transfer form to the 
cases, prompting the player to describe the patients’ 
condition according to the ABCDE structure (fig. 2).   

Some procedural information was already embedded in 
the game; for example, the virtual nurse would provide 
corrective feedback if the player supplied to little oxygen for 
the chosen oxygenation device, or when they would select 
inappropriate invasive treatments such as a chest tube or 
neck brace. We designed three additional procedural 
supports. First, when selecting a tool, just-in-time 
information about using the tool appears, to enable 
automation of routine aspects of the task. Second, to 
facilitate tool use, we enabled hit areas to be shown when 
selecting an instrument. Finally, on-demand feedback during 
the case from a virtual supervisor enables the player to see 
where they can improve their performance.  

We did not identify opportunities for part-task practice 
within the game. However, the ABCDE approach as a 
whole contains several skills that would benefit from part-
task practice, such as placing an IV cannula or intraosseous 
needle. This practice could be implemented as addition to 
the game, in a blended (online and offline) design 
curriculum.  

All support options were designed in a collaborative 
effort between game developers, content experts, and 
educationalists. We implemented all support to allow any 
combination of support options at a time. This way, the 
support a player receives can decrease in the course of his or 

 
 
Fig. 2. Supportive information in abcdeSIM: a transfer form prompts the 
player to describe the patients’ condition according to the ABCDE 
structure.  

Authorized licensed use limited to: Radboud University Nijmegen. Downloaded on April 26,2022 at 07:46:08 UTC from IEEE Xplore.  Restrictions apply. 



her gameplay. We designed a standard game flow according 
to 4C/ID principles, where players start with the low 
complexity tasks and high levels of support, working 
towards low complexity without support, then continuing 
with moderate complexity levels and high support, et cetera.  

To assess the effect of the various support options and 
the viability of the chosen game flow, medical students will 
be invited to test the redesigned game in a mixed-method 
study. We will combine cued retrospective interviewing 
with observational data and cognitive load measurements. 
Findings will be consolidated into points for further 
improvement. This will be the first assessment phase in a 
process of iterative improvements.  

IV. CONCLUSION 

The Four Component Instructional Design model 
provides a structured approach for design choices in a 
serious game. Working in an existing game, we encountered 
some challenges, such as scarce available visual space to 
display the reminders and tool information Still, by 
following the 4C/ID principles and closely collaborating in a 
team of educationalists, content experts and game designers, 
we were able to create several theoretically sound support 
options.  

V. DISCUSSION AND LESSONS LEARNED 

In this project, we developed several support options for 
a serious game for emergency care skills in harmony with 
the 4C/ID model. Potential issues remain regarding the 
impact of these changes on the learning and especially the 
gaming experience. First, lowering complexity for the initial 
levels may result in decreasing challenge. Motivation for 
playing often arises from experiencing a state of flow, when 
an optimal balance exists between challenge and required 
skill [10]. For optimal gameplay, a delicate balance must be 
sought between challenge and support. 

A second concern is the added cognitive load resulting 
from the support mechanisms themselves. The increased 
load may be considered germane to the learning task, but if 
the support does not match the players’ needs it may instead 
increase extraneous load, that is, load caused by processes 
that do not contribute to learning but instead burden 
available working memory.  

Finally, the need for support can be different for each 
player. Very specific supports, such as the time- and 
interventions-based reminders, may not align with the 
players’ needs. They may arrive too soon or too late, 
causing cognitive overload or frustration. By adapting the 
support to the actions and achievements in previous cases, it 
may be possible to tailor the support to the level of the 

player. This adaptivity could further increase effective 
learning in the game context.  

In summary, this study demonstrates applying the Four 
Component Instructional Design Model to a serious game 
for emergency care. Input from various perspectives, 
including educationalists, game designers and content 
experts was essential in implementing additional support 
and improving the learning tasks. The Four Component 
Instructional Design model provided a structured approach 
for improving the instructional design of a serious game for 
emergency care medicine.  
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