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Health simulation: history and 
applied cognitive concepts

Simulação em saúde: história e 
conceitos cognitivos aplicados

Editorial

Introduction 

Simulation has been used as an educational tool 
for a long time. However, despite the increased 
use in different fields, such as aviation and 
healthcare, its use is often intuitive. In this article, 
we will discuss the concept of simulation with a 
brief historical review and introduce evidence-
based concepts that have been shown to improve 
learning. As the use of simulation is extensive, 
including different fields, we will mainly focus on 
the healthcare literature.

In this article, we will use the concept of simulation 
proposed by Gaba: "Simulation is a technique, 
not a technology, to replace or amplify real 
experiences with guided experiences that evoke or 
replicate substantial aspects of the real world in a 
fully interactive manner."1 Gaba's1 concept brings 
two relevant aspects of simulation: 1) the lack of 
necessity to have a technology associated; and 
2) the importance of an immersing environment, 
allowing an experience closer to reality.

Training in a real clinical environment lacks 
equal opportunity for all students to practice 

the proposed skills and repeat as many times as 
necessary to acquire the trained skills2 since it 
depends on the patients and places they are. In the 
simulation environment, however, it is possible to 
practice a specific skill as many times as necessary 
to reach proficiency without worrying about 
disturbing patient care. Also, different situations 
with different levels of complexity can be offered, 
according to the learning objectives and stage of 
the student's education. Complexity refers to the 
difficulty and depth required in the clinical case 
addressed3, depending on the learners' level. For 
example, a cardiac arrest scenario is considered 
highly complex for a sixth-year medical student 
because it requires integrating knowledge, skills, 
and attitudes than, for example, a scenario 
of administration of drugs via subcutaneous, 
considered of low complexity. For an emergency 
physician, however, a scenario of cardiac arrest is 
considered with low complexity. 

The ethical aspects and risks of teaching in the 
real environment have also been questioned 
without any training. Simulation allows students 
to experience authentic problems in a safe and 
pedagogical environment, having the opportunity 
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to practice their skills in a simulated way before 
performing them on real patients.4,5 That is, during 
the simulation, students experience challenging 
situations in a safe and psychologically adequate 
environment, where mistakes are allowed, as one of 
the purposes is to learn from mistakes, since there is 
no harm to patients and professionals.6

Through simulation, it is possible to carry out health 
education and training, both in technical skills and 
patient management and in skills related to patient 
safety and teamwork.7 In other words, the use of 
simulation allows the creation of activities according 
to the needs of the participants, through experiences, 
followed by a moment of guided reflection on the 
participant's performance in the activity, known 
as debriefing, which has a direct impact on the 
theoretical knowledge of the student and their 
professional practice.8-10

History of simulation training

The use of simulation in healthcare training is old, with 
reports of anatomical models dated by ancient times 
and the use of animals in surgical skills training.11 
The use of mannequins had existed only for half a 
century when they began to be used for resuscitation 
training.12,13 Modern simulation was initiated by a 
toy manufacturer, the Norwegian Asmund Laerdal, 
creator of the first resuscitation mannequin, "Resusci 
Annie"14 and by Denson and Abrahamson, creators of 
"SimOne," which despite being a pioneer, could not 
be disseminated, among other factors, due to its high 
cost at the time of its creation.15,16 

Two major areas positively influenced simulation in 
healthcare as we know it today: the military and the 
aviation industry. From the military, we borrowed the 
concept of debriefing used during World War II in the 
work of S.L.A. Marshall.17 Marshall noted that when 
a person describes what happened to him or her 
during a distressing experience, it allows colleagues 
to correct misperceptions and provide social support, 
decreasing the development of post-traumatic 
reactions, restoring unit cohesion, and enabling a 
return to combat. From the aviation industry came 
the influence of realism: how similar the simulation 
is compared to real life. Such realism was achieved 
through the flight simulators that have emerged 

starting in 1929, the "Blue Box" or "Link Trainer," and 
the healthcare field incorporated the concept.18

The publication in 1999 of the book "To err is human: 
building a safer health system" by the U.S. Institute 
of Medicine is landmark of simulation in healthcare. 
This book presented human error as the main cause 
of adverse events that lead to unfavorable outcomes 
for patients. Many of the errors could be avoided, and 
therefore, it is important to design safety measurements 
into the patient care processes systematically. The 
book also presents a series of recommendations to 
achieve a threshold change in quality, and among 
others, recommends the adoption of simulation as a 
method for multidisciplinary training.19 

In the last decade, there has been an exponential 
growth in the use of simulation in healthcare, in all 
levels of educational training, for students, residents, 
and continued education.20 The use of this and other 
innovative teaching methods has become a necessity 
due to the poor performance of most graduates, 
mainly in the practice of clinical skills, application 
of knowledge, and problem-solving.21 Also, the lack 
of critical events that are a source of learning and 
acquisition of different skills and the difficulty in 
teaching using real patients guarantee their ethical 
and legal rights.22 These are other factors that have 
favored the growth of the use of simulation-based 
education in healthcare.

Simulation as a teaching tool

Simulation-based education is characterized by 
pedagogical strategies, technology, complexity, 
and breadth of tasks that prepare students for 
professional life.23 There are numerous advantages 
of using simulation as a teaching tool, such as the 
possibility of repetition, experiencing authentic 
clinical situations, practice in a safe environment, 
learning from error, living standardized experiences, 
and feedback on the practice. Before explaining each 
of these concepts, we will provide an overview of 
learning from a cognitive perspective. 

Simulation enhances skill acquisition, but studies have 
shown that these skills will decay over time when 
not used. For example, a surgical skill will decay over 
time after periods of non-use24, and the lack of the 
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required skill will be a threat to patient safety. Studies 
have found that students were unable to perform the 
required skill 125, 626,27, or 1226 months after completion 
of training proficiently. McKenna and Glendon28 (1985) 
also found that only one-quarter of 120 professional 
rescuers were still proficient 6 months after receiving 
training in cardiopulmonary resuscitation. 
 

Learning from a cognitive perspective

To better understand the reason for the lack of 
proficiency after training, it is necessary to understand 
how the process of skill acquisition works. Cognitive 
psychology distinguishes between declarative and 
procedural knowledge. Declarative knowledge refers 
to "knowing what," that is, knowledge about facts 
and events. Procedural knowledge refers to "knowing 
how."29 While declarative memory decays over time; 
procedural memory is not affected by time.30 

All learning starts with declarative knowledge, for 
example, through instructions or observations. In 
this first moment, where most of the knowledge 
is declarative, performance is slow and subject to 
error since declarative knowledge is forgettable and 
difficult to retrieve. The knowledge in declarative 
memory degrades with lack of use, leading to 
an inability to perform the task. With practice, 
however, knowledge is represented using a mixture 
of declarative and procedural memory, so training 
is required to keep declarative knowledge active. 
Subsequently, declarative knowledge is transformed 
in procedural format; procedural memory is immune 
to deterioration.30

Thus, the fact that medical knowledge is often forgotten 
refers to integrating the two types of knowledge, 
declarative and procedural. That raises an important 
question that in addition to the use of simulation 
for learning, it is necessary to reflect on how the 
educational process itself can be adapted to change 
learning from short-term to long-term memory.31 
Consider two common scenarios in teaching: blood 
pressure measurement and cardiac arrest care, the 
first is a skill that students will use more frequently 
throughout the course and in professional practice, 
while the second will be used less often. Therefore, it is 
not recommended that the same simulation strategy 
is used during their teaching. Before presenting 
the recommendations for the two scenarios, some 

important concepts that promote long-term retention 
will be discussed, such as the spacing effect, interleaved 
practice, testing effect, and feedback.

Spacing effect

The spacing effect or spaced practice refers to the 
finding that educational encounters and/or training 
sessions spaced and repeated over time result in 
better learning retention than teaching in a single 
encounter.31 The benefits of spacing practice sessions 
have long been confirmed in the literature, including 
studies on skill retention in health care.24 For example, 
Spruit and colleagues32 (2015) demonstrated that 
spaced practice in laparoscopic skills facilitates skill 
acquisition and short- and long-term retention and is, 
therefore, more effective for students. 

Why spaced practice is more effective than intensive 
practice can be explained by the fact that to incorporate 
the new learning into long-term memory requires a 
consolidation process; that is, the representations of 
the new learning gain meaning by being strengthened 
and connected to prior knowledge. This process 
can take several hours or several days. Therefore, 
retention requires time for mental repetitions and 
the other consolidation processes. When intensive 
practice is done in a single encounter, learning relies 
on short-term memory.33

Testing effect

The testing effect refers to the retention advantage 
of tested material over the material presented for 
further study.34,35 Several studies point out that self-
testing improves learning and long-term retention, 
with retesting more efficient than studying 
again.36,37 Retrieving information from one's own 
memory favors modifying one's own memory trait, 
consequently increasing the possibility of future 
success in retrieving learned information.38 Several 
studies elucidate that the test improves learning 
and long-term retention in the form of quizzes, 
games, flashcards, among others, and that testing 
several times in spaced sessions is more efficient 
than studying again.37-39 Studies performed by the 
same group and using the skill (CPR) found that 
students had better retention of knowledge when 
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they were tested instead of practicing the same skill 
again.35,39

Interleaved practice

The concept of interleaved practice refers to learning 
two or more related skills, topics, concepts, or 
principles in an interleaved manner, as they are 
mixed rather than separated into blocks, practicing 
more randomly and less predictably.40 The benefit of 
interleaved practice in acquiring and retaining motor 
skills is also well documented in the literature.41-44 

However, health-related studies are still scarce.

One explanation of why interleaved practice is 
more effective than single-concept practice is that 
interleaving improves the brain's ability to distinguish 
or discriminate concepts. That is, each practice attempt 
is different from the last, so mechanical responses do 
not work. Instead, the brain must continually focus on 
finding different solutions. This process may improve 
its ability to learn essential features of skills and 
concepts, which allows it to better select and execute 
the correct response.45 Another possible explanation 
is that interleaving allows for a more varied training 
context than practicing a single concept, and this 
variability introduces interference and is beneficial 
for long-term retention.46

Reflection

Another form of information retrieval practice is 
reflection. Reflection helps us analyze what was 
learned in an experience and is considered essential 
as quizzes and tests, and can accomplish simple 
questions such as: What happened? What did I do? 
How did it work? What would I do differently next 
time?33 By answering these simple questions, which 
are usually present in the final stage of simulation 
scenarios, the debriefing, students learn from the 
experience and obtain better results.

Feedback

Feedback should always be present in learning 
sessions. According to Hattie47 and Timperley, 
feedback is one of the most powerful influences on 
learning and can be described as information provided 
by an agent about aspects of their performance 
or understanding. Feedback is critical to support 
cognitive, technical, and professional development.48 

To be effective, feedback must be clear, objective, 
meaningful, compatible with the student's prior 
knowledge, and provide logical connections, 
promoting positive and desirable development.47,48  It 
is possible to find several types, structures, and the 
optimal timing of providing feedback to the student 
described in the literature.48 -52 

As for type, feedback can be directive or facilitative; 
the former informs the student what requires 
correction, the latter involves providing comments 
and suggestions to facilitate recipients in their 
own revision. Whether directive or facilitative, the 
feedback can also vary in its structure: verification or 
elaboration. Verification feedback indicates whether 
the answer is right or wrong, and elaboration 
feedback facilitates the recipient in arriving at the 
correct answer. Besides being of various types, 
feedback can be structured differently: written, 
verbal or numerical. Its format is probably related 
to the context in which it is generated. For example, 
specific response facilitation of written feedback 
generated from a written exam can increase its 
effectiveness.

The timing of feedback may independently influence 
its effectiveness. The evidence suggests that 
effectiveness and timing are related to the focus and 
difficulty of the task.24 Feedback after the simulation 
(terminal) may be better for supporting knowledge 
transfer, whereas feedback during the simulation 
(concurrent) may be more effective in the short term 
and for supporting the development of procedural 
skills.24 In motor learning, which is often trained in 
simulation, the literature recommends using terminal 
feedback, which despite being more uncomfortable 
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for the learner, proves to be more effective in 
acquiring a motor skill when compared to concurrent 
feedback. That is because, in motor learning, one 
theory holds that when feedback is concurrent, it 
becomes part of the task, and later, in a real-world 
context, its absence becomes a gap in the established 
automaticity, hindering long-term performance. For 
complex skills, terminal feedback may not be feasible. 
Thus, the gradual removal of feedback is suggested. It 
is also worth mentioning that terminal feedback has 
better results for knowledge retention.

Regardless of the model, we advocate that feedback 
should be applied objectively, allowing students to 
align what he knows and does not know, eliminating 
illusions.33 In the simulation, feedback moments are 
extremely important, as they allow the student to 
reflect on his own performance. Reflecting on what 
went right, what went wrong, and how it can be 
done differently next time helps us isolate key ideas, 
organize them into mental models, and apply them 
again in the future, to improve and evolve on what we 
have already learned.53 

Simulation-based education is already incorporated 
in healthcare education, with evidence proving it is 
valuable.21,22 However, it is crucial to align the use of 
simulation with the strategies described above since 
it increases skill acquisition and retention. Finally, we 
would like to reinforce that despite all the benefits 
of learning using simulation, achieving expertise 
requires clinical experiences with practice in a real 
environment, always accompanied by a supervisor 
and receiving feedback.

Recommendations

Before the recommendations, we need to see 
the difference between acquisition and retention. 
Whereas skill acquisition means "gaining a new" skill 
that was not previously understood or exists, skill 
retention refers to the process of performance after 
a period of non-use. The difference between skill 
acquisition and retention will help us optimize the 
simulation training design using cognitive psychology 
concepts. Below are two practical examples of how 
to apply each of these concepts according to their 
purpose.

1. Blood pressure measurement: In this case, the 
focus should be on skill acquisition because students 
will frequently practice during their training. For 
situations where the focus is on skill acquisition, it is 
recommended to have a single session, ideally one 
or two days before the practice starts, with terminal 
feedback, after the performance (testing effect). 

2. Cardiopulmonary arrest care: In this case, the 
focus is on skill retention because students have 
few opportunities to practice during training. For 
situations in which the focus is on skill retention, it 
is recommended to perform spaced and interleaved 
sessions using the testing effect. The amount of 
feedback should decrease over time until students 
can perform without assistance. 

Regarding feedback, if the skill is complex, we 
recommend that the concurrent feedback is removed 
gradually. On the other hand, when the skill is simple, 
we recommend terminal feedback.

Conclusion

In this article, we discussed the key concepts that 
improve skill acquisition and retention. In addition, 
we reinforce that both acquisition and retention are 
active processes. That is, learning will occur only if the 
student takes an active role in the process. Therefore, 
using simulation combined with the key concepts 
may provide even better results for skill acquisition 
and retention.
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