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e There are increasing calls for healthcare professionals
to fulfill their social contract with society and ensure
competence of all professionals in order to maintain the
privilege of self-regulation. Competency-based educa-
tion (CBE) offers promise, as an outcome-based model
of education, to help address the gap between actual and
desired performance.

¢ Simulation-based education (SBE) curricula should be
based on needs analysis. Prior to designing, clear goals
should be defined to measure the success of the training
program.

» Specific learning objectives, instructional strategy, simu-
lation technology, training environment, and debriefing
models should be carefully selected based on the level of
learner.
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* Challenges to CBE include defining learning objectives
that are not excessively comprehensive, trainees focusing
on milestones rather than achieving excellence, adminis-
trative logistics, instructor expertise and availability, and
cost.

e Optimal education will require a change in our current
approach to assessment. Assessment needs to be pro-
grammatic and conceptualized as part of instructional
design with a shift away from assessment of learning to
assessment for learning.

* SBE is increasingly used for high-stakes, summative pur-
poses such as local program-based examinations, achiev-
ing certification, and demonstrating ongoing competence
to maintain certification.

Introduction

In 1999 the Institute of Medicine’s landmark report “To Err
is Human: Building a Safer Health System” highlighted that
as many as 98,000 deaths are due to medical error [1]. In
response, accrediting bodies, healthcare organizations, and
medical educators across all disciplines have embraced SBE
as one solution to improving what many believe was a root
cause, namely poor communication and team functioning
[2]. A burgeoning literature in SBE has demonstrated that
simulation can improve knowledge, skills, and behaviors
as well as result in some improvement in patient outcomes
[3—7]. Despite the success and large uptake of SBE many
programs are ad hoc with variable and inconsistent instruc-
tion, curricula, and evaluation of competency. In response,
educators have turned their focus to developing compre-
hensive curricula for continuing professional development
(CPD) and the use of mastery learning/CBE. This chapter
will describe a model for curriculum development and the
promotion of professional development through CBE. We
conclude by reviewing barriers and challenges to CPD and
CBE and explore future directions.
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Fig. 14.1 Curriculum development process/scenario design based on
the analysis, design, development, implementation, and evaluation
(ADDIE) Model of Instructional Design and the Simulation Module
for Assessment of Resident-Targeted Event Responses (SMARTER)

Curriculum Development in Competency-
Based Education

Some key challenges to developing simulation curricula
for CBE across the healthcare education continuum include
the heterogeneity of learners, the variable experiences they
bring, the feasibility of teaching, and the validity and reli-
ability of assessing competencies through simulation within
the professional environment. This section outlines a cur-
riculum development process for CBE for all disciplines that
follows the analysis, design, development, implementation,
and evaluation (ADDIE) model of instructional design and
incorporates concepts from Kern’s six-step approach to cur-
riculum development for medical education and the Simula-
tion Module for Assessment of Resident-Targeted Event Re-
sponses (SMARTER) approach of developing measurement
tools for simulation-based training [8—10]. The process can
be applied for curriculum development for any level of learn-
er and unfolds in five phases including ADDIE (Fig. 14.1).
We will describe these five phases and discuss the key con-
siderations in each phase specific to CBE.

Analysis

The process begins with a needs assessment which includes
identifying the target audience and level(s) of expertise, de-
fining boundaries to conducting training, and crystallizing
the critical requirements to include in the educational ini-
tiative. The subject matter expert must understand the gap
in knowledge, skills, and attitudes (KSA) to be addressed

Develop

Train faculty

Create scenarios,
debriefing guides,
assessment tools

Scenario Design

Clinical
Context

Learning
Objectives

Critical
Trigger
Events

Targeted
Response

Implement

Conduct pilot
Revise curriculum
Implement course

Scenario Script and
Measurement Tools

approach to creating measurement tools for simulation-based educa-
tion [8, 10]. The first two steps of the process, (1) analysis and (2)
design, occur sequentially. (3) Development, (4) implementation, and
(5) evaluation may be cyclical. Revisions may continue after piloting as
evaluation informs further development

with simulation-based training as well as anticipated out-
comes. For students or trainees, focus may be placed on
learning outcomes including cognitive outcomes, skill-
based outcomes, and changes in attitudes. Additionally,
cost of training must be justified with specific outcomes
included, such as patient safety outcomes and/or financial
components [11].

Needs assessments can be accomplished through litera-
ture review, review of institutional data surrounding patient
safety events or quality improvement activities, direct obser-
vation in the actual clinical or simulated environment, writ-
ten surveys, in-person or telephone interviews, and/or focus
group discussions. The latter three strategies can be complet-
ed with learners, their colleagues, their educators or manag-
ers, and patients. The rationale for including many perspec-
tives in the needs assessment is that competence in the pro-
fessional healthcare environment encompasses not only an
individual’s knowledge or ability to perform a skill but rather
one’s ability to apply this knowledge or skill among interpro-
fessional teams. Perspectives from colleagues and patients
will further inform the identification of training needs. For
example:

A needs analysis for students suggests that in order to adhere
to curriculum standards, learners need to describe the indica-
tions for central venous line (CVL) placement. Within the hos-
pital, a needs analysis suggests that physicians in training must
demonstrate competence in placing CVLs in order to comply
with accrediting body regulations. Furthermore, institutional
data may also suggest that there is a high blood stream infection
rate in a particular intensive care unit where staff does not feel
empowered to speak up, based upon results of a safety attitude
survey.
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Based on the results of the needs analysis, the target audi-
ence, and level(s) of expertise, the critical requirements to
include in the educational initiative should be identified. The
target audience must be defined in consideration of whether
the group is uniprofessional or interprofessional, the varying
expertise levels inherent in the group, and the approximate
size of the target audience. Because we work in teams in
health care, we are interdependent. In this way, increased
consideration and effort should be made to determine feasi-
bility and applicability of interprofessional education.

In the next step, the expertise level or range of expertise
within the target audience must be determined (see Table 14.1
for a description of each learner type). The level of expertise
is not presumed by the learner’s level of training but rather
should be assessed in each learner to determine their indi-
vidual starting point. The characteristics of each learner type
will inform the entire instructional design and development
process. For example, a novice learner may have few past
experiences upon which to base judgment. As a result, they
are more reliant on established rules, standards, and proto-
cols. In this way, the novice must gain knowledge prior to
applying the material in a simulation. Moreover, the simula-

Table 14.1 Levels of expertise [12—15]

Level of expertise ~ Characteristics

Novice Has virtually no experience in an actual situation
upon which to base judgment
Solves problems using rules and analytic

reasoning

Advanced beginner Has enough experience in actual situations to

begin seeing patterns

Solves problems using analytic reasoning and pat-
tern recognition

Often not able to prioritize

Competent Has broader experience in actual situations

Beginning to see big picture

Solves problems more often through pattern
recognition

Approaches uncommon or complex problems with
analytical reasoning

Feels personal responsibility

Has a bank of past experiences. Approaches all
situations with a lens or perspective based on past
experiences

Proficient

Can look at the whole picture rather than “aspects”
Expert Has intuitive grasp of the whole situation

Uses intuition to recognize problems, respond and
manage situations

tion should remain focused on a specific task or process and
may include some direct coaching (scaffold building) during
the simulation. Alternatively, a competent learner is less de-
pendent on rules, algorithms, and analytic decision-making
but rather relies on pattern recognition, previous experienc-
es, and gut-feeling to make decisions. A competent learner
therefore requires more autonomy in the learning process.
This group of learners will benefit from more complex simu-
lations that require decision-making without coaching dur-
ing the simulation so that the learner can observe the results
of their decisions. In professional environments, there may
be a mix of expertise present for any learning situation. As
the curriculum development process progresses, the design
team must develop objectives and a range of expected learn-
er actions for each level of expertise [12—15].

The size of the target audience has implications for both
feasibility and scheduling. For small uniprofessional groups,
a few training sessions to capture all learners may suffice.
When the target audience spans an entire department or insti-
tution, the design team must determine the appropriate group
size for each training class, the appropriate complement of
caregivers that should be present for interprofessional train-

Simulation-based education design considerations

Consider prework to enhance knowledge base

High instruction and low facilitation

Simplify scenarios. Ensure opportunities for success and validation
by offering multiple scenarios

Use reflection-in-action with clinical pauses

Consider including several scenarios with slight variation to com-
pare and contrast

Begin with common and move to more complex

High instruction and low facilitation
Reflection-in-action with clinical pauses or reflection-on-action

Consider challenging with low-frequency clinical situations in order
to continue to build experience

Balance instruction and facilitation
Encourage autonomy and self-reflection in debriefing

Continue adding more complexity to scenarios such as communica-
tion with family members, teamwork, delegation, and assertion

Low instruction and high facilitation
Draw from experience in the room to crystallize learning points

Continue to keep the expert challenged to use technical and nontech-
nical skills

Encourage the expert to discuss, coach, or mentor during simulations
and debriefings

Train the expert to facilitate and debrief
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ing, the frequency at which the training should be offered to
capture all individuals in a reasonable amount of time, and
the number of faculty it will take to complete the training.
Drawing upon social learning theory, all individuals may not
need to participate in the simulation in order to learn. There
may be a benefit to observing the simulation event. Special
consideration should be made to engage observers more di-
rectly in the learning process by assigning specific areas of
focus to direct their observations [16].

Boundaries to training must also be considered before
designing a program. For students, educators may be con-
strained by the timing of the academic year, faculty who
can implement simulations, and finding and training raters
to assess competency. In professional environments, the de-
sign team must consider institutional policies for education
of learners (is the education part of ‘mandatory’ education
or do learners need to be paid for their time?), scheduling
(are there particular days or times of day to avoid?), timing
(does the training need to be completed by a certain date
for regulatory purposes?), and location (based on the goals
of the program, does the training need to occur in situ or in
a simulation laboratory?). In response to these boundaries
or constraints, the design team must brainstorm solutions to
overcome these challenges to determine feasibility, appro-
priate length of the training, and an achievable timeline and
plan for training and assessment.

Finally, the critical requirements or competencies should
be defined. It should be determined if there are core compe-
tencies already described by a recognized accrediting body
(e.g., the National League of Nursing, the Accreditation
Council for Graduate Medical Education (ACGME) in the
USA, or the Royal College of Physicians and Surgeons of
Canada, CanMEDS) or by the home institution. The afore-
mentioned accrediting bodies have outlined comprehensive
competency frameworks and defined key competencies in
terms of KSA, by level of learner, required to be a compe-
tent clinician. This information should be reviewed to de-
termine which competencies can be included and observed
in simulation-based training. If formal requirements are not
predefined, the design team must list the competencies that
will be included in the training. Once a comprehensive needs
analysis is complete, the design team can begin designing
the specific educational initiative.

Table 14.2 Learning objectives [18]

Dimension

Knowledge Cognitive: What should the learner be able to know?
Skills Psychomotor: What should the learner be able to do?
Attitude Affective: What should the learner value?

Design

The first step in the design phase is to write a goal statement
against which the success of the training initiative will be
measured. Goal statements should be specific, measurable,
achievable, result-focused, and time-bound [17]. Building
on the example provided earlier, a goal statement for novice
learners might be to provide simulation-based training for
fourth-year medical students during the first 6 months of the
academic year on placing CVLs using the Seldinger tech-
nique in order to increase their self-efficacy by x%. For an
interprofessional group of learners that spans the expertise
gradient (novice through expert), a goal might be to decrease
blood stream infection rates in the intensive care unit (ICU)
by 20 % in the following year by providing interprofessional
simulation-based training on central line placement, team-
work, and communication.

Next, the specific learning objectives should be defined.
Learning objectives describe the specific changes that the
training course is meant to produce in the KSA of the learn-
er: What can you reasonably expect the learner fo know and
be able to do at the end of the program and what change
in attitudes are you aiming to achieve? For each objective,
a performance statement, a set of conditions, and a set of
standards should be incorporated. Knowledge and attitude
objectives are less likely to be observable than skill. Learn-
ing objectives should be written using strong action verbs
(see Table 14.2 for a reference on developing learning objec-
tives) [18].

Following the setting of goals and objectives, the next
step is to select an instructional strategy based on several
learning theories including self-determination theory, expe-
riential learning theory, and cognitive load theory. Self-de-
termination theory, which describes a learner’s willingness
to learn, posits that learners must feel related to the group,
feel a sense of competence, and feel a sense of autonomy.
A safe environment for learning must be established at the
start of all simulation-based training by establishing rules
of engagement and maintaining confidentiality [19, 20]. Ex-
periential learning theory suggests that adult learners learn
through experiences and must engage in a continuous cycle
which includes a concrete experience (a simulation), time
to observe and reflect, the formation of abstract concepts

Example verbs

Identify, list, recall, summarize, classify, describe, explain, calcu-
late, differentiate, conclude, compose

Arrange, build, construct, design, deliver, display, fix, operate,
sketch, use, perform

Commit to, challenge, discuss, dispute, follow, justify, integrate,
judge, question, resolve, synthesize
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(facilitated debriefing), and testing or experimenting in new
situations (a second simulation or real-life experience) [21].
While simulation and debriefing map quite nicely on the
cycle, the design team should also consider any prework and
didactic information specifically for the novice learner who
has no previous experience to draw from but relies on rules,
algorithms, policies, etc. Cognitive load theory describes that
in order to achieve effective learning, the cognitive load of
learners should be kept at a minimum during the learning
process as short term memory can only contain limited ele-
ments. It follows that prework, as well as the complexity of
the simulations, should match the level of the learner so as
not to impede learning by incorporating information and pro-
tocols that overcomplicate rather than simplify [19]. More-
over, providing learners with the tools to gain knowledge
prior to coming to the experiential simulation lab will allow
learners to process the information independently and then
apply this knowledge in the simulation setting thereby avoid-
ing a common pitfall of lecturing by the simulated bedside.

A second piece of designing the instructional strategy in-
volves selecting the appropriate type of simulation or simu-
lation technology and environment to achieve the objectives
to match the level of the learner. Simulation technology can
include screen-based simulation, task trainers, human patient
simulators, live actors, or hybrid simulation which combines
live actors and task trainers. In the example above, the ap-
propriate technology for novice students learning the pro-
cedural steps of placing a CVL would be a task trainer de-
signed for this purpose. This training could be accomplished
in a simulation laboratory as opposed to the actual clinical
environment because the goals of training are narrowly fo-
cused to the procedural skill. Novices benefit from time and
space to learn, practice, and apply the step-by-step proce-
dure, void of additional complexities and distractions that
might be present in the actual clinical environment. On the
other hand, if an interprofessional team is learning how to
work together to maintain a sterile environment while plac-
ing a central line, the design team may utilize a task trainer
and conduct the training in situ. In this way, the learners can
practice maintaining sterility while placing a CVL surround-
ed by the physical barriers that are present in their native
clinical environment.

Facilitation strategies for implementing the simulations
and debriefing must be considered, again, based upon the
level of the learner. For example, novice learners require
more instruction and less facilitation. A strategy to consider
for novices is scaffolding. This strategy allows the facilitator
to provide support where cognitive structures are not suffi-
ciently developed [22]. One way to incorporate scaffolds is
to provide expert modeling and then coaching during skills
training. Another is to build clinical pauses into simulations
with human patient simulators at critical decision-making
points to allow the facilitator to prompt reflection-in-action

[23]. During this pause, the facilitator can expose the learn-
ers’ mental model, frame of mind, or thought process. The
facilitator can then provide a scaffold by modeling their own
thought process to create new mental models on the part
of the learner. The facilitator can then coach or guide the
learner to continue in the simulation. These scaffolds can be
reorganized or eliminated as learners’ understanding increas-
es. Competent, proficient, and expert groups require less
instruction and more facilitation. The design of the course
may include simulations without any pause followed by de-
briefing, allowing learners to reflect-on-action and form new
concepts [24]. Furthermore, the course may include oppor-
tunities to practice or experiment with new knowledge. This
can be accomplished either by allowing learners multiple
opportunities to practice with procedural skills or by allow-
ing learners to run through a clinical scenario a second time
to apply new theories discovered during a debriefing. There
are several models of debriefing described elsewhere in this
book (see Chap. 3). An appropriate approach should be de-
termined based on the level of the learner(s).

Development

Once the course is designed, the faculty, the simulation ex-
ercises (see Chap. 2), debriefing guides (see Chap. 3), and
assessment tools (see Chap. 7) must be developed. The con-
tent experts, who may also serve as faculty for the training,
should be taught the art and science of simulation design,
implementation, and debriefing. It is important for faculty to
have a general understanding of adult learning principles in
order to create psychological safety for learners. Addition-
ally, faculty should understand how to design simulation ex-
ercises, whether it is procedural skills on trainers or clinical
scenarios, and implement them to achieve learning objec-
tives. Finally, because deep learning may not happen with
experience alone, faculty need to be trained on facilitating
debriefing exercises and matching their instruction during
debriefing to the level of learner. For example, debriefing
novice learners may include more directed teaching meth-
ods, whereas debriefing competent, proficient, and even ex-
pert learners may require more guided reflection and discov-
ery of mental models of the learner(s) or rationale for their
specific behavior. Once a mental model is discovered, the
faculty member can facilitate discussion among the group
to explore multiple perspectives on that mental model and
facilitate learning. Faculty development is described else-
where in this book (see Chap. 15).

Once the faculty members are adequately trained, they
can better engage in the development of simulation exercises
to achieve learning objectives. In the design phase of the
curriculum development process, learning objectives for the
course are defined while in the development phase, specific
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objectives and clinical context for each simulation exercise
are defined. Selecting the appropriate context is important as
it establishes meaningful linkages with experiences and pro-
motes connections among, knowledge, skill and experiences
[19, 22]. Context can and should even be defined in proce-
dural skills training so that learners can understand when and
how the skill is utilized. One group describes a process of
“identifying competencies within the context of a particular
profession such that the assessment of competence is tied to
learner’s performance of essential clinical activities that de-
fine the profession.” This cluster of competencies has been
referred to as entrustable professional activities (EPAs). An
EPA requires a learner to not only possess knowledge, skill,
and attitude but to apply these through specific activities
in the clinical environment to achieve optimal results [25,
26]. In this way, the design team should consider identifying
EPAs upon which to base scenarios. This allows learners to
acquire not only knowledge but also a sense of when and
how to use that knowledge in the actual clinical setting. As
an example, the context for novice student learners in the
CVL example might be devoid of context and simply focus
on the steps of line placement while the context for the inter-
professional team might be placing the line while ensuring
maximal sterility in a septic patient in the ICU, as well as
performing the time-out, sterile field preparation, and neces-
sary documentation.

The design team must next define the expected actions
using the event-based approach to training (EBAT). This list
of expected actions for any competency may look different
for each level of expertise. In order to create an opportunity
for these actions, the design team should also embed riggers
within the scenario script (see Chap. 2). Triggers are prompts
for the facilitator to provide necessary events to meet the
learning objectives. Please see Table 14.3 for an example of
how to embed triggers into scenario script.

This list of expected actions and triggers allow the educa-
tor to establish a controlled and standardized learning ex-
perience. Moreover, this list can be easily combined with
observational measurement tools to aid in debriefing and
evaluation. For successful EBAT training, the design team
should match learning objectives to triggers, define accept-
able observable behaviors or expected actions, and script the
scenario to ensure triggers are executed according to plan.

Finally, the design team should develop debriefing guides
that outline the phases of debriefing, sample narrative text,
and sample questions to include during each phase. Debrief-
ing guides or scripts can assist the novice debriefer in fol-
lowing a structure to guide the learning process and ensure
that key learning points are addressed in a standardized way
(see Chap. 3) [27]. Furthermore, the guide can be structured
to serve dual purposes: an instructor guide and an assessment
tool to evaluate faculty on debriefing competencies such as
that it sets the stage for an engaging learning experience,

Table 14.3 Embedding triggers into scenario scripts

Learning objective ~ Expected action Trigger
Novice Novice None
After participating 1. Don gown and gloves

in this activity, the
learner will be able

2. Prepare the sterile field
3. Clean the insertion

to demonstrate the area
steps of placing a 4. Identify appropriate
central venous line landmarks

sterilely 5. Place a central venous
line using Seldinger
technique
Competent Competent Facilitator should

After participating 1. Don gown and gloves  be able to do the
in this activity, the 2. Prepare the sterile field following:
learner will be able 3. Perform a pre-proce- 1. Encourage

to do the following: dural time-out. learner to
1. Demonstrate the 4. Clean the insertion quickly begin
steps of placing area procedure
a central venous 5. Identify appropriate 2. Contaminate the
line sterilely landmarks field by position-
2. Utilize assertion 6. Place a central venous ing IV tubing
to alert team of line using Seldinger across the sterile
breach in sterility technique field
7. Recognize breach in
sterility and alert the
team

facilitates the debriefing in an organized way, or provides
feedback to participants on their performance [28].

Implementation

The course should be piloted and refined as needed. The
goals of the pilot are to provide an opportunity for facul-
ty to practice implementation of the course and to test the
simulations. Faculty should practice creating a safe environ-
ment, trial any task trainers, practice directing any clinical
scenarios using the scenario template to execute triggers,
and practice debriefing using the debriefing guide. The pilot
may include other faculty or a subset of the target audience
willing to participate and offer feedback to further shape the
course. During the pilot, the design team should determine
if the simulation activity allows faculty to properly observe
and assess the predefined competences and if the debriefing
guide adequately promotes discussion of these competen-
cies. Following the pilot, the prework, simulation exercises,
and facilitation guides should be revised and potentially pi-
loted again.

Evaluation

The final phase in the curriculum development process is
evaluation. Evaluation should include the assessment of the
performance of the learners, as will be described in the next
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section of the chapter, and the evaluation of the effectiveness
of the educational program. The evaluation plan should be
developed alongside the curriculum development process.
Ideally data should be collected, analyzed, and reviewed
prior to the implementation of the program, and throughout
the program to guide continuous improvement for learners,
faculty, and the design team [9].

There are several evaluation types, including formative
and summative assessments for both the individual and the
program. Formative assessments matched with predefined
competencies should be performed at each course offering,
with the goal of identifying areas for improvement for the
learner and the program, respectively. Alternatively, summa-
tive assessments of the learner focus on judging individual
competence at a particular skill, or achievement of a mile-
stone. Summative assessment of a program may determine
if it has had an impact and if resources will continue to be
allocated for future implementation [9].

Kirkpatrick describes four levels of evaluation of train-
ing programs: Level 1—Reaction, Level 2—Learning, Level
3—Behavior, and Level 4—Results (Table 14.4 [29]. Level
1 measures how learners reacted to the training and helps
identify any topics that might be missing from the curricu-
lum. This can be accomplished through a post-event ques-
tionnaire or focus group discussion. Level 2 measures what
the learner has actually learned as a result of the training. In
order to measure learning, KSAs should be measured prior
to and after the training. This can be accomplished by ob-
serving expected actions during a simulation or on a writ-
ten test. Pre-/post-evaluations may also be valuable. Level
3 describes how behavior has changed as a result of training
and if the learners can apply what they have learned. Mea-
suring behavior requires observation over time, either in the
actual clinical environment or in the simulation laboratory.
Observation tools can be generated during the scenario de-
sign process and should include the expected critical actions
for each learning objective. Finally, Level 4 measures the
impact of the training, using the problem and goal statements
as described above (see Chap. 7).

Program evaluation is critical to the educational pro-
cess but challenging to measure. Due to time and resource
constraints and ongoing learning in the actual clinical en-
vironment, it is challenging and often not feasible to deter-
mine how an educational intervention has impacted clinical
outcomes, patient safety outcomes, or financial outcomes.
Competency-based medical education (CBME) educators
can more realistically focus on the impact their program has
had on learning and transfer of that learning to application
in a simulated environment and then the actual clinical en-
vironment.

Simulation for Competency-Based Education

CBE has gained considerable momentum over the past few
years and may prove to be a catalyst that transforms health
professional education worldwide. CBE can be conceptual-
ized as “the education for the medical professional that is
targeted at a fixed level of ability in one or more medical
competencies” [30]. This description relies on a trajectory
of development from the preclinical phase of professional
school to the healthcare provider in practice. Ultimately, the
goal of CBE is to produce graduates who provide high qual-
ity patient care from the moment they enter clinical medi-
cine in school to the time of retirement. Traditional training
models have fallen considerably short of this goal with sub-
stantial rates of preventable error that occur across different
healthcare systems [31-33]. While that error cannot be at-
tributed entirely to individual practitioners (a large portion
may relate to the teams and system they work within), there
is also substantial variability in patient outcomes depend-
ing on where clinical training occurred [34], suggesting an
opportunity to improve patient care through a competency-
based approach to education. CBE focuses on accountability
and curricular outcomes organized around competencies,
promoting greater learner-centeredness and de-emphasizing
time-based curricular design [35]. Achievement of compe-
tence is demonstrated through a progression of milestones or

Table 14.4 Kirkpatrick’s adapted hierarchy of evaluating educational outcomes [29]. (Reproduced with permission)

Covers learners’ views on the learning experience, its organization, presentation, content, teach-

ing methods, and aspects of the instructional organization, materials, quality of instruction

Modification of attitudes/perceptions—outcomes here relate to changes in the reciprocal attitudes
or perceptions between participant groups towards intervention/simulation

Modification of knowledge/skills—for knowledge, this relates to the acquisition of concepts,
procedures, and principles; for skills, this relates to the acquisition of thinking/problem-solving,

Documents the transfer of learning to the workplace or willingness of learners to apply new

Change in organizational practice—wider changes in the organizational delivery of care, attribut-

Level 1 Reaction
Level 2a Learning: change in
attitudes/perception
Level 2b Learning: modification of
knowledge or skills
psychomotor, and social skills
Level 3 Behavior
knowledge and skills
Level 4a Results: change in the
professional practice able to an education program
Level 4b Benefits to patients

tional program

Any improvement in the health and well-being of patients/clients as a direct result of an educa-
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EPAs [25, 26]. As an example, the field of medicine holds a
social contract with society where physicians receive status
and respect, are granted the privilege to self-regulate their
profession and receive substantial remuneration in exchange
for the promise to provide competent, altruistic, and moral
care that addresses the needs of individuals and society [36].
Multiple high-profile cases have outlined how medicine can
improve its performance in this implicit agreement [37, 38].

Inherent to the use of CBE is the use of a competency
framework such as CanMEDS [39], ACGME competencies
[40], and the Scottish Doctor [41]. While the frameworks
differ and are chosen to reflect the needs of the local en-
vironment, they all extend beyond medical knowledge/ex-
pertise and include domains such as communication and
collaboration which align well with SBE—particularly as it
is applied to crises resource management or team training
(see Chap. 4). Additionally, SBE holds the promise to sup-
port skill development and demonstrate baseline competence
before trainees perform complex procedures on patients,
reducing complications and healthcare costs [42, 43]. This
foundational simulation training may function to accelerate
the development of expertise in the clinical environment, al-
lowing for system optimization (e.g., expensive operating
room (OR) time) [44]. Collateral effects of simulation-based
instruction may influence the learning environment and im-
prove skill acquisition of learners that do not actually partici-
pate in the simulation [45].

Current models of health professional education retain
the silos of undergraduate education, postgraduate education
(in the case of medicine), and CPD which may focus learn-
ers on the current tasks of the training (particularly during
formal training programs) and impede the development of
reflection and lifelong learning skills that are critical to im-
prove future practice in an ongoing manner. Medical science
is rapidly evolving and there needs to be greater investment
to support practicing healthcare providers to incorporate new
knowledge into their practice in real time [46]. Evidence
from the CPD literature suggests that physician performance
and health outcomes improve when the CPD activities are
more interactive, use multiple methods, involve multiple
exposures, are longer in duration, and are focused on activi-
ties that the physician believes to be important [47]. Well-
designed SBE has the potential to meet many of these crite-
ria and can form an important piece of CPD. Novel methods
of instruction, such as debriefing without a formal debriefer
present in the room, may help build capacity to integrate
more simulation into CPD course offerings [48].

Two international CBE collaborative summits have been
held over the past 5 years (2009 and 2013), with both schol-
arly and practical outputs [49]. Implementation of CBE has
occurred in multiple specialties in multiple jurisdictions
with several others planning to move to a CBE model in the
coming years [49]. SBE can align very well with CBE as it

allows for feedback from experts, repetitive practice across
a range of difficulties that are required in skill development,
and curricular integration [3].

Shifting the Assessment Paradigm for Compe-
tency-Based Education

CBE will require substantial change in our current approach
to assessment. Assessment should be conceptualized as part
of instructional design with a shift away from assessment of
learning to assessment for learning [50]. This will require an
emphasis on a robust, programmatic approach to assessment
that ideally focuses on workplace-based formative assess-
ment, rather than isolated high-stakes point in time-summa-
tive examinations. This is not to imply that there is not a role
for high-stakes examination, as it can be useful to predict
future patient outcomes [24], but rather that the opportunity
for lower-stakes, more frequent assessment may be invalu-
able for learning on an ongoing basis [51]. Moving up to
Miller’s top level of “Does” (Fig. 14.2) can only be achieved
in the clinical environment, but simulation reaches the level
of “Shows” and can be helpful as a piece of the assessment
program to inform judgments on the overall competence of
practitioners [52].

Simulation educators have historically focused on pro-
moting high-fidelity training in order to improve the quality
of education and assessment. Yet, the term fidelity has been
problematic to define and qualify in the simulation commu-
nity—we may therefore benefit by considering functional
task alignment (the alignment between the simulator’s func-
tional properties and the functional requirements of the task)
to reflect how well the simulation-based assessment (SBA)
truly allows the learner to “Show” how they might perform
[53]. Ultimately, judgment of competence needs to be con-
ducted by a collective, using the wisdom of the crowd (e.g.,

A simple model of competence
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Fig. 14.2 Miller’s framework for assessment. (Reproduced with per-
mission of [52])
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competence committee) to incorporate multiple assessments
from multiple assessors using multiple tools across multiple
situations to help determine competence and make progres-
sion decisions on the trainee. Subjective assessments and
narrative descriptions may also form an important part of
that assessment program [54]. The negative connotations of
biased and unfair with subjective assessment do not hold true
(though they can occur—as they also might with an objec-
tive measure). Much like the clinical environment, there may
be opportunities to reduce information to a numerical score
when appropriate (e.g., Glasgow Coma Scale score of 3 is
identified universally as having the same clinical meaning
to every healthcare provider), while there may be other in-
stances where a more complete description would be helpful
to make judgments (e.g., one would not hand over a pediatric
ICU patient simply with a validated risk of mortality score
(such as the Pediatric Index of Mortality 2, PIM2), but one
would want more detailed, narrative descriptions of the pa-
tient on which to make important judgments and decisions).

Assessment programs should continue to be evaluated by
their reliability, validity, acceptability, and cost (both finan-
cial and resource related) but should also be judged by their
educational impact and catalytic effect where results and
feedback are used in a manner that creates, enhances, and
supports education [55]. Assessment will certainly need to be
more continuous and frequent. It needs to be criterion-based
and support learners to achieve developmental milestones
[56]. Viewed with this lens, SBE may be important to CBE
allowing the achievement of milestones that are associated
with rare presentations in the clinical environment, as well as
those that would pose significant risk to patients if they were
not first assessed outside of clinical care. The educational as
well as catalytic effect of SBE could be very positive, but
further work needs to be conducted on how best to maintain
a safe learning environment where trainees and faculty can
feel comfortable making mistakes (and learning from them).

Robust assessment instruments/tools with evidence of
validity and reliability will continue to be required, and fac-
ulty development around their use may be even more criti-
cal (see Chap. 7). Tools are only as good as the individual
using them—it may be time for the healthcare professions
to mandate teaching faculty to learn a core set of compe-
tencies in assessment, with accredited training programs
providing ongoing professional development in assessment
[57]. As any simulation-based researcher will report, it takes
a substantial amount of time to calibrate assessors even with
a tightly regulated script for the scenario.[48]. Assessment
in the workplace complicates the ability to standardize scor-
ing with tremendous variability in case presentation and
will require clinical supervisors to understand some of these
complexities and basic psychometrics of assessment. Reli-
ability will only be achieved with rater training and adequate
sampling of performance (i.e., content specificity should not

Table 14.5 Assessment in competency-based education
Key points

Assessment needs to be programmatic with multiple observations,
performed by multiple observers, using multiple tools at multiple
times

The focus of assessment needs to move to the level of “Does” in
Miller’s framework. Simulation can be helpful to assess the level of
“Shows” to demonstrate competence for rare clinical events or to
ensure baseline competence before learners are allowed to perform
tasks on actual patients

There needs to be a greater emphasis on assessment for learning
rather than exclusive focus on assessment of learning

Faculty development on assessment and faculty support to imple-
ment assessment strategies will be critical to the implementation of
CBE

Collective decision-making will be needed to determine overall com-
petence as learners progress from one stage to another of training
Assessment strategies need to support reflection on the part of learn-
ers, allowing them to own the responsibility for learning for their
ongoing development as clinicians

Narrative descriptions of learners, rather than absolute reliance on
numerical scores, may be particularly helpful to support learning.
Additionally, the reflective use of subjective assessment may be
valuable in allowing experts to judge performance

CBE competency-based education

allow overreliance on a single case). Additionally, there are
likely to be content domains in which faculty need to de-
velop their own knowledge and skills before they are able to
accurately assess their junior colleagues (e.g., patient safety
is a very important part of medical education in this decade,
yet many of the practitioners trained previously would have
limited formal knowledge in how to teach or assess it). See
Table 14.5.

Challenges of Continuing Professional
Development and Competency-Based
Simulation Education

Challenges in Continuing Professional
Development

Many concerns still exist about the feasibility and efficacy
of SBE to solve the problem of improving quality of care.
The many challenges of SBE used for CPD have been high-
lighted [58]. Although there is mounting evidence that lec-
tures and bolus CPD courses are not effective for long-term
knowledge and skills retention, it is often the preferred meth-
od for educational delivery. Simulation activities, despite at-
tempts to create a safe learning environment are by their na-
ture anxiety producing. Exposing deficiencies especially for
more senior healthcare practitioners is a common concern
and dissuades engagement by those participants. Reluctance
to engage in interprofessional learning has been rooted in the
traditional teaching models where meeting different learners’
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Table 14.6 Barriers and solutions to continuing professional develop-

ment (CPD)
Barriers Potential solutions

Evidence-based, outcome-focused educational
models to persuade the use of SBE

Lectures and
courses

Simulation Privacy of learners

anxiety Educators skilled in nonthreatening debriefing
styles

Interprofessional ~ Train teams using simulation

learning Support teamwork with protocols and proce-

dures Develop an organizational culture—need
for senior champions
Lack of simula-
tion education
experts
SBE Simulation-based education

Promotion of faculty development
Promotion of simulation fellowships

objectives has been challenging. SBE offers the ability to en-
gage in learning that mirrors the real working environment,
yet uptake for CPD activities is still slow despite its inherent
advantages. Finally, SBE requires educators with expertise
in case preparation, facilitation, and in debriefing. Limited
faculty with these skills and the considerable time required
to prepare for these sessions are both barriers to implement-
ing CPD programs, especially in smaller centers. Table 14.6
outlines these barriers and offers potential solutions to the
implementation of SBE into our continuing education pro-
grams.

Challenges in Competency-Based Simulation
Education

Ultimately SBE is a tool that offers many advantages over
traditional education delivery such as lectures, courses, and
workshops [2]. However, it cannot work in isolation and
must be integrated into curricula to achieve the competen-
cies or learning objectives set out by governing bodies across
the various disciplines.

At the same time that SBE has flourished, CBE has be-
come the new paradigm in professional medical education.
Many specialties have embraced its theoretical advantages:
focus on outcomes, emphasis on abilities derived from soci-
etal needs over knowledge, de-emphasis of time-based train-
ing, and promotion of learner-centered training to achieve
milestones [35]. Despite these advantages, many concerns
exist. Defining learning objectives that are both comprehen-
sive yet not exhaustive is a challenge to medical educators.
There is a fear that endless lists of competencies will over-
whelm learners and reduce competencies into a series of tasks
rather than what truly makes a healthcare provider. Another
concern is that learners will focus on achieving milestones,
“jumping over the hurdle” and achieving bare competence
rather than striving for excellence. Scheduling of trainees

at different stages has the potential to create administrative
logistical challenges while trying to balance clinical needs.
Although most trainees will complete training in a similar
time frame as traditional curricula, some trainees will take
considerably longer and will add to increased resources [35].
Simulation training embedded into these programs is expen-
sive and requires educational expertise that is already in high
demand. Finally, as highlighted previously, assessment tools
and processes will need to be developed that are “more con-
tinuous and frequent, criterion-based, developmental, work-
based where possible, ...and involve the wisdom of group
process in making judgments about trainee progress” [56].

Conclusions
High-Stakes Testing

SBE is being increasingly used for summative purposes
[59]. These high-stakes decisions include passing a program,
gaining certification or licensure, and maintenance of com-
petence. SBE is ideally suited to measure competencies be-
yond traditional knowledge-based exams. Organizing bod-
ies such as the ACGME and Royal College of Physicians
and Surgeons of Canada (RCPSC) require that examinations
are tailored towards skills that mimic the actual practice be-
haviors [4]. Assessment of most of the six core competen-
cies of the ACGME/American Board of Medical Specialties
(ABMS) and the seven CANMED:s roles of the RCPSC, for
example, can readily be achieved using simulation-based
environments. Use of simulation for high-stakes testing is
emerging in many specialties. One example is the use of
procedural simulation for carotid stenting where training
and passing examinations are required for certification [60].
Use of simulation in high-stakes examination has also been
reported in anesthesia, surgery, and internal medicine [61].

Another use of SBA is in the maintenance of certifica-
tion. Many specialties require either recertification exami-
nations (ABMS) or aggregation of hours in learning activi-
ties (RCPSC) in order to maintain certification. Pressure to
ensure that these activities reflect patient care competencies
rather than knowledge acquisition has led educators to in-
corporate simulation into these programs [62]. The use of
simulation in maintenance of certification in anesthesia and
surgery has been described [63]. In Canada, as part of its
maintenance of certification program, the RCPSC recog-
nizes and gives credits for learning activities. For example,
attending a conference receives 1 credit per hour and reading
a journal article 1 credit per article. In contrast, learners re-
ceive 3 credits for each hour of approved assessment-driven
simulation activity [64].

Although there has been tremendous uptake of SBA,
challenges still exist. Frequently, curricula do not always
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match the assessment. The concept that “assessment drives
education” should serve as impetus to curricular develop-
ment in SBE that is comprehensive and standardized. SBA-
scoring strategies must be robust and achieve high degrees
of reliability and validity. Experts in the clinical field (con-
tent experts), simulation, and measurement are all essential
for high-stakes examinations. Further, SBA raters need to
be qualified and properly trained with appropriate review
of scoring rubrics and emphasis on rater consistency [59].
Finally, SBA is an expensive methodology and must be sup-
ported by professional and regulatory boards with the view
that patient safety is worth the investment.

Role of National/Shared Curricula

Until recently, simulation programs have been built haphaz-
ardly. Sessions were developed locally and dependent on
educators with simulation experience, on labs and equipment
of variable quality, and on participant availability. Typically,
programs were considered an add-on to other components
of the education curriculum. As a result, there has been a
push to develop standardized trainee-focused curricula that
cover the core competencies of accredited training programs.
Examples exist in the undergraduate medical education lit-
erature of attempts to incorporate a disaster management
[65] and simulation-based pediatric clinical skills [66] into
the curriculum. In postgraduate medical education, many
centers have reported the development and evaluation of
standardized simulation curricula. Examples include the
specialties of pediatrics, surgery, emergency medicine, and
pediatric emergency medicine [67]. Despite these recent at-
tempts to develop simulation-based educational curricula,
there is the absence of acceptance of standardized curricula
at a national or international level. However, this is likely
to change. Currently, in Canada, a group of pediatric emer-
gency medicine physicians have just developed a national
standardized simulation curriculum [68]. Additionally, a na-
tional pediatric residency program simulation curriculum is
being developed while the anesthesiology specialty program
is moving towards CBE and incorporating simulation into
their curricula and evaluation process. It is only a matter of
time before many programs follow suit, and SBE becomes
an integral component of training and CPD programs.
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