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Using Simulation-Based Training
to Improve Patient Safety:

What Does It Take?

imulations have been used as early as 1910 as a

means to train both persons and teams to reduce

errors and improve safety.! Commercial aviation
and the military have invested heavily in the use of sim-
ulation-based training because it offers a realistic, safe,
cost-effective, and flexible environment in which to learn
the requisite competencies for the job.?® Given its pur-
ported success in these areas, the use and application of
simulations as a training tool has spread to a number of
other domains, such as business, education, and medi-
cine.* The focus of this article is on providing research-
based guidelines extracted from the military and
commercial aviation communities’ experiences in
designing and delivering simulation-based training for
application in the health care community.

Although the popularity of simulation-based training
has grown during the past decade, using simulation as a
part of training is not a panacea. Our review of the team
training literature in health care, which we conducted in
2004,° showed, for example, that simulation-based train-
ing is used to improve team performance (for example,
anesthesia crisis resource management training®).
However, it appeared that simulation-based training pro-
grams early on either focused on the engineering com-
ponent of training (that is, the simulator itself) or took a
more balanced approach in which simulation is studied
in the context of a learning methodology.” For example,
in a study conducted by Howard and colleagues,® the
training program focused more on how trainees use the
simulator rather than on how the team should work
together to respond to the situation.
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Article-at-a-Glance

Background: Through simulations health care work-
ers can learn by practicing skills taught and experienc-
ing mistakes before interacting with an actual patient.
A number of areas within the health care industry are
currently using simulation-based training to help indi-
viduals and teams improve patient safety.

What Is Simulation-Based Training? The key compo-
nents of simulation-based training are as follows: per-
formance history/skill inventory, tasks/competencies,
training objectives, events/exercises, measures/met-
rics, performance diagnosis, and feedback and debrief.

What Does It Take for Simulation-Based Training to Be
Effective? To be effective, simulation-based training must
be implemented appropriately. The guidelines are as fol-
lows: understand the training needs and requirements;
instructional features, such as performance measure-
ment and feedback, must be embedded within the simu-
lation; craft scenarios based on guidance from the
learning outcomes; create opportunities for assessing
and diagnosing individual and/or team performance with-
in the simulation; guide the learning; focus on cogni-
tive/psychological simulation fidelity; form a mutual
partnership between subject matter experts and learning
experts; and ensure that the training program worked.

Conclusion: The health care community can gain
significantly from using simulation-based training to
reduce errors and improve patient safety when it is
designed and delivered appropriately.

363
Volume 31 Number 7



Journal o QUALITY . PATIENT SAFETY

Yet research indicates that simply adding simulation
to training does not make it more effective nor will it
guarantee that trainees learn more, better, or the right
things.” Rather, simulation-based training must be
designed and delivered on the basis of what we know
about the science of training® and learning.”"” This sci-
ence provides a blueprint on how to design, deliver, eval-
uate, and transfer training systematically."

This article’s purposes are as follows:

B To highlight the key features needed so as to promote
standardization of simulation-based training

B To make designers of health care simulation-based
training aware of its possibilities

B To use research-based guidelines to promote dialogue
and collaborations between learning, health care, and
simulation experts

What Is Simulation-Based Training?
Simulation-based training provides opportunities for
trainees to develop requisite competencies through prac-
tice in a simulated environment that is representative of
actual operational conditions; trainees receive feedback
related to specific events that occur during training."
There is a wide array of simulation types that can be
used to train teams (for example, Medical Emergency
Teams™) in health care."* Simulations can range from
low-fidelity role playing exercises (for example, an
event/scenario is reenacted) to part task trainers (for
example, training of endotracheal intubators) to high-
fidelity full-motion simulations (for example, trainees
conduct a realistic surgical procedure including prebrief,
task completion, and debrief).

Figure 1 (page 365) presents the key components or
cycle of simulation-based training.” Seven interrelated
and critical stages make simulation-based training work.
The cycle begins with determining the skills held by
trainees and their previous performance data (circle 1).
This assessment shapes the next step. Step 2 concen-
trates on identifying the tasks and competencies that
will be the focus of training (circle 2). Once these are
determined, training objectives (that is, learning out-
comes) are specified (circle 3). Training objectives can
be either task-specific (for example, trainees will demon-
strate their ability during open-heart surgery) or task-
generic (for example, trainees will make better decisions
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in the operating room). Steps 2 and 3 can be accom-
plished by various task analysis techniques (for example,
cognitive task analysis'’; team task analysis').

The outcomes of steps 2 and 3 serve to drive step 4
with the development of appropriate scenarios (that
is, “trigger” events/exercises, based on critical incidents
data) to be embedded into the training (circle 4).
Scenarios must be designed and scripted to ensure that
the requisite competencies are elicited during the simu-
lation. We submit that in simulation-based training, the
“scenario is the curriculum.” The scenario creates the
environment on which the trainee is guided, informed,
diagnosed, and provided feedback on expected learning
outcomes. Therefore, the scenario (and the “trigger”
events) serves as a critical component (not the only one)
in the cycle. It must be designed with learning outcomes
in mind and with creating opportunities for performance
measurement. So in step 5, performance measures and
standards are developed to diagnose if the trained com-
petencies are learned and applied appropriately.
Performance measures should be designed such that
they are able to collect data pertaining to both outcomes
(for example, did the physician complete the surgery?)
and processes (for example, did the physician make the
diagnosis correctly?). During the next step (circle 6),
actual performance data are collected and compared
against the standards previously stated. Performance
data can be collected in a simulated or real-world envi-
ronment. The performance data form the basis for pro-
viding feedback to trainees (circle 7). Finally, the
information gathered on trainee performance (for exam-
ple, skill inventory, performance history) must build on
previous training programs (circle 1) to modify future
training programs. Taken together, these stages create
the ingredients for effective simulation-based training.

How Is Simulation-Based Training

Being Applied in Health Care?

Although the military and commercial aviation are like-
ly the largest investors in simulation-based training, the
health care community has begun to more frequently
use simulations as a means to train individuals and
teams. Sim One, one of the first computer-based man-
nequins used in the health care community, dates back
as early as the 1960s.® Through simulation, health care
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Figure 1. Seven interrelated and critical stages make simulation-
based training work. Adapted from Oser R.L., et al.: Enhancing
human performance in technology-rich environments: Guidelines
Jfor scenario-based training. In: Salas E. (ed.): Human/Technology
Interaction in Complex Systems, vol. 9. Greenwich, CT: JAI Press,

Computer-based simulators are being used
to improve patient safety in radiology® and to
assess the effectiveness of various critical
incident training strategies.” In a number of
surgical areas (for example, sinus, ortho-
pedic, prostatic), simulators and virtual
reality have been used to train surgeons on
the requisite technical skills as well as dex-
terity in the operating room.** Cardiology
has used simulations for more than 10 years,
with simulations ranging in fidelity from
audiocassettes to full patient simulators.?
Research suggests that these simulations
have improved performance with actual
patients.” Training using virtual reality in
gastroenterology has also demonstrated
improved performance by doctors.” Also,
simulation-based training has been used to

1999, pp. 175-202.

workers can learn by practicing skills taught and expe-
riencing mistakes before ever interacting with an actu-
al patient."”

One of the most widely documented uses of simula-
tion-based training to help persons and teams improve
patient safety is anesthesia crisis resource management
training (a form of team training first developed for avi-
ation*®”). Using crisis management scenarios (with vary-
ing patient diseases and equipment failures) obtained
from a critical incidents database, anesthesia teams per-
form a number of scenarios in a simulated environment
followed by a debriefing of their performance (for exam-
ple, in Salas et al.”).

Less technologically based yet still a form of simula-
tion-based training is the objective structured clinical
examination (OSCE) used for training medical students.
In a typical OSCE, medical students encounter standard-
ized patients (SPs; trained individuals who accurately
simulate various patient illnesses in a standardized man-
ner”). OSCEs and SPs are generally used to teach and
evaluate clinical skills acquisition in medical students
and residents using checklists, global ratings, or both.
Simons and colleagues® reported that 97% of medical
schools in 1997 were using SPs and that 72% were using
SPs in conjunction with an OSCE.
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improve patient safety in neonatal resuscita-
tion.” While widely being used, one of the
biggest concerns cited by the health care community
(and others) using simulation-based training is the lack
of fidelity of some of the simulations (for example,
neonatal mannequin).”* We encourage the reader to see
Cooper and Taqueti® for more information on the histo-
ry and use of simulators in health care.

For all the use of simulation-based training in the
health care community, an account of a deeper under-
standing of how it can most effectively contribute to
patient safety has yet to be provided.”® In addition, two
issues appear to characterize simulation-based training
in health care. First, it appears from much of the litera-
ture that it focuses more on training technical skills
rather than the interpersonal skills as suggested. For
example, our review of the crisis (or crew) resource
management literature® indicated that several training
programs stated that their purpose was to improve team-
work skills. However, the actual training program
focused more on the technical skills needed to operate
the simulation rather than the teamwork skills (exam-
ples appear in the literature®”).

Second, it is worrisome that the literature provides lit-
tle guidance on how to design and deliver simulation-
based training in health care. Several major works cite
the need for more extensive training but do not provide
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in-depth information about how to get there. For exam-
ple, Barach and Small® suggest that An Organisation
with a Memory,” a report on learning from adverse
events in the National Health Service, takes an “ambiva-
lent approach to team research and training”® ¥ in that
it does not discuss the role that the social sciences play
in safety. This implies that although training should be a
focus, it is buried beneath a focus on individual-system
dynamics. In another study of reporting systems, Dineen
and Walsh” reported that fewer than half of the respon-
dents participating in their research had received specif-
ic training on risk management. Although training has
occasionally been designed systematically (examples
appear in the literature®), most of the research within
health care has not adequately addressed the methodol-
ogy needed to effectively implement training.

What Does It Take for Simulation-
Based Training to Be Effective for
Patient Safety?

Although there is some evidence that simulation-based
training works,” it is important to remember (again) that
simulation is just a tool to enhance learning and training.
Like any tool, to be effective it must be implemented
appropriately. Satish and Streufert* highlight the role
that simulation may play in both a training and assess-
ment capacity within the health care community. They
recognize that for simulation-based training to be effec-
tive it must (a) be built upon underlying theory (they use
complexity theory), (b) use preplanned, structured exer-
cises, (c) assess performance, and (d) provide feedback.
However, we found little in the health care literature that
offers guidance on how to properly achieve these four
steps—and, thus, learning effectiveness.

Now, the reader may get the idea that Satish and
Streufert’s four steps of simulation-based training dis-
cussed are simple procedures and may therefore con-
clude that “we in medicine are doing this already.” We
submit that there is more than meets the eye regarding
how simulation-based training must be designed and
delivered, which led us to develop the guidelines pre-
sented here.

Using what we know about the science of training®*
and learning,” and what has been learned from our
experiences with the use of simulation-based training in
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aviation and military environments** we developed
guidelines of what it takes for simulation-based training
to be effective® (Table 1, page 367).

Guideline 1. Understand the Training Needs and
Requirements

The first step in designing any training program is to
understand the requirements of training. This includes
determining who needs to be trained, what tasks they
need to be trained on, and what competencies are need-
ed to effectively perform those tasks.” Three types of
analyses should be conducted—organizational analysis,
job/task analysis, and person analysis. The organization-
al analysis helps to establish the components (for exam-
ple, norms, climate) and resources and constraints (for
example, monetary) of the organization that may impact
how training is delivered.” The job/task analysis helps
specify the job description (for example, essential work
functions, resources needed), task specifications (spe-
cific tasks that need to be completed), and task require-
ments (competencies required). Finally, the person
analysis is conducted to determine who needs to be
trained and what needs to be trained.”® Once the training
requirements are understood, the information acquired
will lead to the development of the learning objectives.
The type of simulation can be determined on the basis of
the learning objectives and what the organization hopes
to get out of training. For example, case studies may be
appropriate if the purpose of training is to change
trainees’ knowledge and attitudes, whereas part-task
trainers or full-motion simulations may be more appro-
priate for training knowledge and skills.*

Guideline 2. Instructional Features, such as
Performance Measurement and Feedback,
Must Be Embedded Within the Simulation

The science of simulation-based training centers on
embedding key instructional components—it must cre-
ate a learning environment. For example, in an event-
based approach, key events are defined a priori (see
Guideline 1) to act as cues that “trigger” essential actions
and behaviors.! These events serve as learning opportu-
nities and are provided at various times throughout the
simulation.” Consider, for example, the use of OSCE and
SPs to train medical students. An analysis is conducted
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Table 1. Guidelines for Designing and

Delivering Simulation-Based Training

B Guideline 1. Understand the training needs and
requirements

B Guideline 2. Instructional features, such as per-
formance measurement and feedback, must be
embedded within the simulation

B Guideline 3. Craft scenarios based on guidance
from the learning outcomes

B Guideline 4. Create opportunities for assessing and
diagnosing individual and/or team performance
within the simulation

B Guideline 5. Guide the learning

B Guideline 6. Focus on cognitive/psychological
simulation fidelity

B Guideline 7. Form a mutual partnership between
subject matter experts and learning experts

B Guideline 8. Ensure that the training program worked

to determine the diagnosis and treatment skills needed
by medical students to effectively handle an incoming
patient. Patient’s symptoms are then simulated by the SP,
thereby serving as “trigger” events to elicit specific
behaviors from students to indicate their knowledge,
skills and attitudes. Especially useful within high-conse-
quence domains where errors can be costly, simulation-
based training allows trainees to practice and receive
feedback regarding their performance without the risk
to patients and with the means of improving patient safe-
ty. Therefore, unless instructional features, such as per-
formance measurement, videorecording, and systematic
observations of targeted behaviors, are embedded into
the simulation, opportunities for learning will not be
available for trainees (see Tobias and Fletcher*).

Guideline 3. Craft Scenarios Based on Guidance
from the Learning Outcomes

As noted, scenarios must be carefully laid out and sto-
ryboarded before the training begins to provide trainers
and researchers more control over what competencies
are being trained (that is, standardization), how they are
presented to participants, and when. Scenarios should
be developed such that they are as realistic (don’t ignore
the small details) as possible, have varying levels of
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difficulty, allow trainees to respond in more than one
way, and allow trainees to demonstrate the knowledge
and behaviors of interest on multiple occasions.” This
allows the immersion of the trainee without necessarily
having the highest fidelity’ (see Guideline 6). If scenarios
are well crafted, trainees will be engaged, will gain expe-
rience, and will develop accurate mental models (or tem-
plates) of what to expect and how to respond if a similar
situation is faced on the job (transfer of training). In
addition, this experience gives trainees higher confi-
dence levels when responding to similar situations,*
improved memory recall, and better and quicker
decision making.” The use of content-valid scenarios is
critical in environments (such as health care) where
errors, if not corrected in a timely manner, can have cata-
strophic consequences and also where some procedures
are rarely performed.

Guideline 4. Create Opportunities for Assessing and
Diagnosing Individual and/or Team Performance
Within the Simulation

Performance measurement drives the simulation—
without assessment and feedback, learning may be hin-
dered, and simulation-based training becomes merely a
simulation. We know that diagnosis is critical for learn-
ing.” It has been argued that simulation-based training
will only be effective to the extent that trainee compe-
tence can be assessed.” Three criteria must be met for
this assessment. First, measurement opportunities must
be provided that ease the burden on those responsible
for performance measurement. In other words, the
use of prescripted, learner-focused scenarios ensures
that the significant competencies are being prompted.
Instructors (or observers) therefore know a priori when
these “trigger” events will occur and can observe and
record performance.

Second, a basis for diagnosing performance trends
and providing feedback must be established, which is
more challenging than one would expect. For example,
automated technology as a part of a simulation is an
excellent way to capture performance outcomes (for
example, time, errors). This technology is limited, how-
ever, in that it can not easily capture data related to
the real-time processes that trainees progress through
to attain these outcomes (for example, communication,
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decision making). This is especially true when assessing
team performance because teams are very dynamic in
nature and teamwork processes are difficult to capture.
For example, during periods of high workload (such as
those experienced by trauma teams) teams have been
argued to communicate and coordinate implicitly, mak-
ing it impossible for a simulation-based system to detect.
A human observer, on the other hand, will be more able
to make inferences from observing the behaviors to diag-
nose teamwork issues using checklists or observation
forms (for example, TARGETS™; SAGAT®). It is recom-
mended that training programs use at least two
observers or evaluators who can more readily diagnose
performance and provide strategies for improving future
performance.” The use of evaluators to provide ratings,
unfortunately, is not free from errors and biases.
Training designers must focus on improving the reliabil-
ity (are evaluators’ ratings consistent with each other
and are each evaluator’s ratings consistent over time?)
and validity (are evaluators rating the right things?) of
evaluators though training to ensure consistency and
accuracy (see descriptions in the literature™*™®). A
third and final challenge faced by training designers is
ensuring that multiple measurements are taken through-
out the simulation to gather a truly representative pic-
ture. Again, this is especially important when related—
moment-to-moment—data are of interest.

Guideline 5. Guide the Learning

As the familiar saying goes, “practice makes perfect.”
Research suggests that experience with different situa-
tions (either simulated or real) will improve perform-
ance by generating knowledge structures within a
meaningful context—that is, accurate and efficient men-
tal models can be established that facilitate the learning
of a complex task.” However, practice alone (for exam-
ple, task exposure) is not enough. Rather, practice must
occur in conjunction with training” and be guided to
ensure that trainees learn the correct behaviors needed
for the real-world task environment.* In guided practice,
trainees are led through the scenarios (for example,
guided to errors) and provided with instructional or
computer-based support to help them understand the
problem and develop strategies for improving perform-
ance. For example, an emergency room simulation may
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involve a seemingly stable patient deteriorating rapidly
to a state of cardiac arrest. The emergency room team
must quickly respond to save the patient’s life.
Scenarios may also be crafted to trigger the wrong
behaviors so that trainees can experience these errors
and observe the consequences so that those behaviors
can be recognized in the future.” Instructors are on hand
to teach trainees corrective strategies so that they may
better respond to similar situations. Research has shown
that guiding trainees to errors led to better performance
than those who were not guided (examples appear in the
literature®™®). Furthermore, as noted, guided practice
will facilitate the capture of appropriate team processes.
The final component of guided practice is the receipt of
diagnostic and timely feedback.” Feedback should be
provided to both individuals and teams that identifies
both positive and negative aspects of performance so
that trainees may adjust their strategies as necessary.

Guideline 6. Focus on Cognitive/Psychological
Simulation Fidelity

A common assumption regarding simulations is that
the more “bells and whistles” (that is, higher physical
fidelity) the better the training. However, more important
than just using a high-fidelity simulation is using a simu-
lation in which the fidelity meets the training require-
ments. There are three types of fidelity to consider. First,
environmental fidelity relates to how well the simulation
replicates sensory cues in the environment (for example,
motion, visual).” Second, physical fidelity relates to how
closely the simulation mimics the real-world environ-
ment® (for example, realistic patient response, equip-
ment interfaces, and environmental factors such as time
pressure or stress). Although simulations high in physical
fidelity offer some added realism and are often liked by
trainees, the psychological fidelity of the simulation is
just as, if not more, important for learning to take place.®

Research suggests that as long as the psychological
fidelity is high (that is, the simulation requires progres-
sion through the same cognitive processes as those that
are required on the job), learning will still take place.*
For example, the use of low-physical but high-psycho-
logical fidelity simulations have been used to train com-
plex skills (such as decision making) that have been
shown to transfer to the job (for example, Gopher, Weil,
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and Bareket,” Prince and Jentsch®). On the basis of what
is learned from the team and cognitive task analyses, the
level of fidelity should be determined by both the cogni-
tive and behavioral requirements of the task.” Applying
this guideline to the health care community, consider the
use of simulation to train an intensive care unit team to
effectively and cooperatively respond to the needs of a
patient. A low-fidelity computer-based simulation can be
used in which members are presented with a set of
patient symptoms and asked to make appropriate diag-
noses and recommend treatment. Asking trainees to
review a case study by discussing the steps they would
take and decisions that would be made is another exam-
ple of a low-fidelity simulation.

Guideline 7. Form a Mutual Partnership Between
Subject Matter Experts and Learning Experts
Learning is a behavioral/cognitive event. When
designed and implemented correctly, training should
impart long-lasting change in trainees’ knowledge, skills,
and attitudes by creating a context in which these compe-
tences can be practiced, assessed, diagnosed, remediated,
and reinforced. Designing and delivering training appro-
priately requires cooperation between subject matter (or
task) experts and learning experts—those who know and
can apply the science of learning. Subject matter experts
(for example, surgeons, anesthetists, nurses) are an inte-
gral part of the training design—they are a great source of
task domain knowledge and can easily articulate task-
related needs and requirements.” However, clinical experts
do not necessarily have the knowledge and skills to devel-
op and implement a sound learning environment—thus
the need for learning experts emerges. It would be
unrealistic to think that clinical experts know how to
design and deliver training, just as it is unrealistic to think
that learning experts have the necessary domain-specific
knowledge to develop realistic scenarios. Completing this
process without the help of one another will lead to an
ineffective training program—and an inability to meet the
training objectives. It is important that the health care
community foster the collaboration of both parties.

Guideline 8. Ensure that the Training Program Worked

Following the delivery of simulation-based training,
it is necessary to determine if the training program
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worked. To obtain the most complete picture of train-
ing’s effectiveness, it is important that organizations
take a multilevel approach to evaluation. One of the
most widely used training evaluation typologies is that
established by Kirkpatrick® and later expanded by
Alliger and colleagues.”® It is suggested that training be
evaluated at four levels—reactions (did trainees like
training and find it useful?), learning (did trainees learn
from training [knowledge and skills] and is knowledge
retained?), behavior (do trainees apply what they
learned on the job?), and results (did training impact the
organization?).

We acknowledge that evaluating training at all four
levels may be resource intensive and that many organi-
zations evaluate training at the lower levels, namely
reactions or learning.”® However, a multilevel approach is
the only way to truly assess training’s effectiveness.
Although some persons in the health care community
are taking this multilevel approach, and some data look
positive,® we believe that more systematic and rigorous
evaluations are needed to determine its true effective-
ness at improving patient safety.

Conclusion

Simulation-based training can be effective in improving
patient safety. Although more robust multilevel evalua-
tions are needed, initial data regarding its effectiveness
are encouraging. The health care community can gain
significantly from using simulation-based training to
reduce errors and improve patient safety when it is
designed and delivered appropriately.

Yet data should not be misinterpreted to suggest that
that simulation in and of itself leads to learning.
Simulation is just a tool to enhance training, and it alone
will not lead to improved patient safety. We encourage
the health care community to move beyond the engi-
neering aspects of simulation (for example, focusing on
how to use the simulator) to the instructional strategies
that it serves to enhance. To do this, training designers
must focus on the proven principles of learning and
training. Simulation-based training offers a flexible
architecture that provides trainees with opportunities to
practice the learned competencies in a safe environ-
ment, allows for the collection of performance data, and
provides feedback regarding performance.
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