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ABSTRACT KEYWORDS

In Canada, kinesiology academic units are undergoing change. The Kinesiology; professional
growth of kinesiology as a health profession is reflected in increased kinesiology; clinical
clinical course offerings to train student clinicians. These courses reasoning; clinical teaching
require clinical educators, however, not all programs have clinical

staff and faculty with the required knowledge or experience. In parti-

cular, prospective clinical educators may lack fundamental knowledge

of clinical reasoning theory. Clinical reasoning is defined as problem

solving and judgment in relation to patient or client assessment,

diagnosis, treatment and management, and is considered to be essen-

tial for the development of autonomous health professionals. Clinical

reasoning theory is applied in an educational context to streamline

and enhance student clinician development. Unlike in the education of

other health professionals, there has been no literature detailing the

application of clinical reasoning theory to the kinesiology educational

context. Thus, the objectives of this paper are to: (1) introduce the

theories in clinical reasoning relevant to kinesiology, (2) link these

theories to practical educational strategies and, (3) connect these

strategies directly to the teaching of clinical kinesiology subjects.

Introduction

The profession of kinesiology is growing rapidly in Canada. For example, the number of
registered kinesiologists regulated by the College of Kinesiologists of Ontario grew by
14% year over year since inception in 2013 (College of Kinesiologists of Ontario, 2018).
Mirroring this trend, kinesiology academic units are expanding their focus from the multi-
disciplinary scientific study of human movement and performance (Bergeron et al., 2014; Elliott,
2007) to include a stream focussing on the development of clinicians who work in human
movement and performance — kinesiologists (The Kinesiology Act, 2007). There have been
alterations to the entry-to-practice undergraduate course offerings and curriculum, as evidenced
by the recent increase in both clinical courses (e.g., 6 courses (University of Waterloo, 2016)
versus 14 courses (University of Waterloo, 2020)) as well as the addition of advanced degree
programs in professional kinesiology (e.g., (University of Toronto Faculty of Kinesiology and
Physical Education, 2019) or (University of British Columbia School of Kinesiology, 2019)) such
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that kinesiologists can gain additional professional skills. Clinical faculty are required, however
professors in kinesiology are often experts in a specific discipline and do not possess the
expertise to practice as kinesiologists (Elliott, 2007). To address this human resource gap,
practicing clinicians may be called on to meet the needs of the expanding curriculum.

While clinicians will have the technical skills required to teach clinical courses to
kinesiology students, they may have less experience as educators and or in related roles
such as mentoring. For example, less than 1% of members reported expertise in mentoring
or training in the membership statistics of one provincial kinesiology association (Ontario
Kinesiology Association, 2020). Competence as both a clinician and educator is necessary to
be an effective clinical educator (Irby, 2014). Although educational experience can be gained
over time, knowledge of educational theories can immediately provide frameworks for
clinicians to understand and implement best practices in education (Kaufman, 2003). For
clinical educators, the most relevant educational theories may be those developed to
describe and provide frameworks to effectively teach clinical reasoning (CR).

CR is defined as problem solving in the clinical environment and encompasses the
complex cognitive processes needed to make assessment, diagnosis, treatment and manage-
ment decisions (Simmons, 2010); this is an essential component of clinical practice (Higgs
et al., 2019). At a practical level, to be competent in CR is to be able to appropriately apply
technical skills and clinical knowledge in practice.

CR theories provide frameworks to understand the clinical decision making of expert
clinicians and to enhance the teaching of CR to student clinicians. In fact, it has been
demonstrated that a knowledge of CR theories and the use of derived teaching strategies can
lead to better diagnostic outcomes in students (Eva et al., 2007). Thus, clinical educators
with the knowledge and ability to incorporate CR theory into clinical education may offer
students an enhanced learning environment.

Unlike in medicine (Elstein et al., 1978), physiotherapy (Gilliland, 2014), athletic therapy
(Heinerichs et al., 2013), nursing (Banning, 2008a) and other health professions (Jensen,
2011; LeMoon, 2008; Rogers & Holm, 1991), there appears to have been no investigations
into the CR of kinesiology clinicians or students, or literature regarding the application of
CR concepts and theories to kinesiology education. With the greater focus on clinical
subject matter, it is imperative that kinesiology educators - especially clinician educators -
have knowledge of CR theories and can apply them to the kinesiology context.

Thus, the purpose of this paper is to: (1) introduce the theories in CR relevant to
kinesiology, (2) link these theories to practical educational strategies and (3) connect
these strategies directly to the teaching of clinical kinesiology subjects.

Major clinical reasoning theories and concepts

Historically, CR research has focused on diagnostic and assessment reasoning (Norman,
2005) although there has been recent interest in the area of management reasoning, or CR
during treatment and ongoing care (Cook et al., 2019). Kinesiologists work in both contexts. It
is useful to understand all relevant theories as they highlight different aspects of CR and
complement one another (Young et al., 2018) (Figure 1). Furthermore, strategies arising from
multiple theories are often used simultaneously by clinicians (Bowen, 2006; Norman, 2006).
Although CR strategies have not been directly investigated in kinesiology, when applied to
a common clinical scenario there is a similar phenomenon of simultaneous and overlapping
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Figure 1. A visual representation of clinical reasoning theories relevant to the teaching of kinesiology due to
their inclusion in both diagnostic and management reasoning literature. This is not a representation of all
clinical reasoning theories found in the health professions education literature. Various aspects of clinical
reasoning described by clinical reasoning theories are interconnected and overlap, and are arranged in a non-
linear manner. The necessary building blocks of clinical reasoning according to the included theories (knowl-
edge base, knowledge organization, cognitive processes, and contextual factors) are themselves building
blocks for one another. This representation is not a theoretical model and is included as a visual aid only.

use of reasoning strategies (Figure 2). Therefore, multiple theories that can be applied to both
diagnostic and management reasoning should inform educational strategies when teaching
clinical subjects to kinesiology students. Based on clinical reasoning theories used in both
diagnostic and management reasoning according to knowledge syntheses (Cook et al., 2019;
Young et al., 2018), there are four domains of CR theories relevant to kinesiology: knowledge
base, knowledge organization, cognitive processes and contextual factors.

Knowledge base (Figure 2: Underlies all steps)

The most basic “theory” in CR is that a strong basis of domain knowledge is required to be
a domain expert (Elstein et al., 1978; K. Eva et al., 1998). Knowledge of both clinical skills and basic
science subjects is critical (Boshuizen & Schmidt, 2019; Schmidt & Rikers, 2007). Research has
shown that expertise in CR is not transferable from one domain to another if the clinician doesn’t
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Case

A healthy 40-year-old is interested in
having their fitness assessed.* They want
an exercise program to prevent injury in
the future. They work long shifts as a
paramedic which includea lot of lifting.
Many of their colleagues have sustained
injuries while working and the client
wishes to find ways to reduce this risk
for themselves.

Questions

1.

2.

How may a kinesiologist use clinical reasoning
throughout the testing of muscular strength in this
individual?

How are the clinical reasoning theories
represented throughout the reasoning process?

*a full fitness assessment would include, but is not
limited to, cardiovascular, muscular strength, balance
and flexibility testing; however, for this example, we
will focus on muscular strength.

Step 1

Step 4

Collect relevant history and baseline information

according to guidelines’

* Weight lift 3-4x/week, moderate intensity for
one hour

« Short, vigorous activity at work

* Heart rate and blood pressure normal

4

No contraindications based on guidelines or
experience. Cleared for exercise.

Dominant Clinical R ing Theories
Situativity theory

* Situating oneself in the client’s context
Hypothetico-deductive reasoning

« Contraindication guideline use
Exemplars, Prototypes, Illness scripts

« Judgmentsbased on prior experience

¥

Based on IRM protocol and client discussion:
1 warm-up set is determined to be 5-10
repetitions at 601bs (50%1RM)

27d warm-up set is determined to be 3-5
repetitionsat 85 Ibs (70%1RM)

nd

Movement quality is excellent, client is confident
after each warm-up set

Dominant Clinical R ing Theories
« Situativity theory
« Situating oneself'in the client’s context
* Dual Processing theory
« Combination of analytic reasoning using
estimation chart with non-analytic reasoning
of movement quality cues

$
Step 5

Step 2

1 repetition maximum (1RM) or multiple
repetition maximum (mRM)??> What movement?

4

For this client, IRM barbell back squats were
chosen due to the client’s weight lifting history,
willingness to lift maximal loads, typical work
movements.

Dominant Clinical R ing Theories
« Situativity theory
« Situating oneself'in the client’s context

A 4

Step 3

Client reported barbell back squats: 5 repetitions
at 1001bs or 8 repetitionsat 90Ibsto a point close
to failure. Movement quality found to be good.

¥

Using client information, estimation chart® and
findings of movement quality, the client’s IRM
is likely just above 112.5-1151bs (~1201bs)

Dominant Clinical R ing Theories
* Situativity theory
« Situating oneself in the client’s context
* Dual Processing theory
* Combination of analytic reasoning using
estimation chart with non-analytic reasoning
of movement quality cues

According to 1RM, failure must be reached
within 3-5 attempts (estimated failure ~1201bs)

4

Based on client feedback, movement quality and
to allow for flexibility in the estimate, the first
attempt is set at 1101bs

Dominant Clinical R ing Theories
« Situativity theory
« Situating oneself in the client’s context
* Dual Processing theory
* Combination of analytic reasoning using
estimation chart with non-analytic reasoning
of movement quality cues
« Exemplars, Prototypes, Illness scripts
« Judgmentsbased on prior experience

Step 6 (repeat Step 5)

According to 1RM, failure must be reached
within 3-5 attempts.

Based on client feedback, movement quality and
to allow for flexibility in the estimate, the
subsequent attempt is set at

Repeat until failure

! PAR-Q+ (Warburton, Jamnik, Bredin, Shephard, & Gledhill, 2019)
Get Active Questionnaire (Canadian Society for Exercise Physiology,
2017)

2 1RM: maximal strength test for one repetition, mRM: submaximal
strength test over multiple repetitions

31RM estimation chart (Baechle, Earle & Wathen, 2008)

Figure 2. Kinesiology case study — Muscular strength assessment.
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have a solid knowledge base in the new domain (Elstein et al., 1978). Thus, the development of CR
expertise should encompass information across a clinicians’ scope of practice.

Knowledge organization theories (Figure 2: Step 1, step 5)

Knowledge organization theories describe how clinically relevant information is stored in
memory to be effectively used for CR (Young et al, 2018). While each theory highlights
a different aspect of knowledge organization, collectively, they assert that well organized knowl-
edge relevant to the clinical domain is required to be clinically successful within that domain.

Prototype theory

Prototype theory states that learners require a strong understanding of the typical presentation
and management options of a certain ailment. Experts use these prototypes to compare and
contrast different presentations and management options against that which is considered
typical. To gain expertise, learners must see many cases which show a typical presentation and
expected management options to form a prototype in memory (Georges Bordage & Zacks, 1984).

Exemplar theory
Exemplars are experiences stored in memory which are referred to by clinicians when
confronted with similar cases. It is thought that clinicians find the exemplar that fits most
closely to their current client, and proceed based on their prior experience (Brooks, 1978).
According to exemplar theory, to gain expertise learners must see a large, varied body of
examples to be competent in a certain clinical scenario. The variation a learner is exposed to
should span various client presentations, as well as values, preferences, communication
styles, contextual factors, system constraints (e.g., cost-benefit) and potential solutions
(Cook et al., 2019). Exemplar theory also suggests that new material is learned through
the lens of what the individual already knows. Thus, the order of cases and examples given
to learners should be carefully considered.

Iliness scripts

Illness scripts propose that clinically relevant information and experiences are optimally
stored in memory such that expert clinicians can quickly recognize client ailments. This
limits clinician’s conscious reasoning during clinical scenarios that they consider routine,
and instead allows them to make highly accurate inferences and assumptions based on
minimal information (Boshuizen & Schmidt, 2019).

The development of illness scripts is a multi-step process (Boshuizen & Schmidt, 2019; Custers,
2018; Schmidt & Rikers, 2007). At first, a student’s illness scripts primarily contain basic science
knowledge which is poorly linked to clinical concepts. As they progress, knowledge of basic science
is summarized by clinical concepts (Schmidt & Rikers, 2007). For example, the clinical concept of
carpal tunnel syndrome encompasses anatomical, physiological and biomechanical knowledge.
Knowledge of the arrangement of bones, tendons and nerves of the wrist must be combined with
the biomechanical principles of movement of that joint and the physiological effects of nerve
compression to appreciate the mechanisms of injury. This arrangement of critical basic science
information offers the beginnings of a multifaceted understanding of clinical concepts. Following
this initial summary of knowledge, and as learners are exposed to clinical experiences, they begin to
develop a true network of knowledge by making connections between interrelated information. As
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certain scenarios become familiar over the course of experience, this networked knowledge is
arranged into a fully formed illness script which allows for inferences and non-analytic reasoning
via “pattern recognition” (Boshuizen & Schmidt, 2019).

Cognitive processing theories

Cognitive processing theories describe the CR process itself, as opposed to the knowledge
underlying it. Individually, each of the following theories propose a different cognitive
process used by clinicians. Collectively, these theories assert that different reasoning pro-
cesses are used in different clinical scenarios.

Hypothetico-deductive model (Figure 2: Step 1)
The hypothetico-deductive model describes the CR process as the initial generation of
hypotheses and the subsequent analytic reasoning to test these hypotheses. This approach
seeks to ensure all information relevant to diagnosis, treatment and management is col-
lected by the clinician for informed decision making (Elstein et al., 1978).
Hypothetico-deductive reasoning is more common in student clinicians, especially for typical
or “easy” clients or patients. Students in their first or second year of training have been shown to
use reasoning processes which can be considered pre-cursors to hypothetico-deductive reason-
ing. These include trial and error (no hypothesis or plan), following protocols and checklists
learned in class, and rule-in/rule-out strategies (generating hypotheses, but unable to develop
and follow a comprehensive plan to test them) (Gilliland, 2014). In contrast to students, expert
clinicians typically rely on hypothetico-deductive reasoning as the dominant clinical reasoning
strategy for atypical or “difficult” clients only (Gilhooly, 1990).

Dual processing theory (Figure 2: Steps 3-5)

Dual processing theory states that two processes simultaneously contribute to successful CR:
analytic and non-analytic. The analytic process is as previously described in the hypothetico-
deductive model. The non-analytic process is very similar to the reasoning made possible by
illness scripts. Namely, non-analytic reasoning consists of a quick, subconscious recognition
based on prior experience as opposed to a clear, conscious line of reasoning (Evans, 2008;
Kahneman, 2011; Patel & Groen, 1986). Dual processing theory builds on these by stating that
reasoning is a mixture of both reasoning types, although not always in equal measure. For
example, it has been hypothesized that analytic reasoning is used more during treatment and
management than diagnosis due to the complex and varied factors which must be integrated
into a successful plan (Cook et al., 2019). The development of reasoning according to dual
processing theory follows that outlined in hypothetico-deductive and illness script sections.

Contextual factors

Situativity theory (Figure 2: All steps)

Situativity theory asserts that contextual factors (e.g., client, caregivers, resources, cost-
benefit, time) have a large influence on CR (Durning & Artino, 2011). Expert clinicians have
the ability to integrate contextual information into their decision-making process. In order
to develop this ability, student clinicians should be exposed to contextual factors while
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training their clinical skills (Durning & Artino, 2011). Thus, according to situativity theory,
the development of expertise depends on learning in a setting as close to real-life as possible.

It has been hypothesized that management reasoning incorporates more contextual factors
than diagnostic reasoning due to its long-term and dynamic nature (Cook et al., 2019). There is
currently no direct evidence to support this statement, however, the belief that management is
a more difficult process than diagnosis is common in the literature (Feltovich et al., 1992). This
may have implications for the development of management skills and associated CR.

Application of theory to educational practice

It is best to draw on several CR theories to design effective teaching strategies for clinical
skills (Bowen, 2006; Norman, 2006). Indeed, evidence suggests that encouraging the use of
multiple CR strategies will increase student diagnostic accuracy (Ark et al., 2006; Eva et al.,
2007). Thus, we will discuss the application of the four domains of CR theories by
considering their educational implications at the curriculum and course levels. A working
example (Figure 3) demonstrates CR informed educational strategies which can be used to
teach blood pressure reading. This is a clinical skill which can be taught either within one
course, or developed throughout a curriculum.

| Teaching a Basic Clinical Skill: Blood Pressure Readings

Knowledge Base Knowledge Organization
» Basic science information from » Explicitly link basic science knowledge to
previous courses (review/recall if clinical skill
necessary) « Atrial and ventricular contractions
* Anatomy, physiology, etc. to diastolic and systolic blood
+ Clinical technique of taking blood pressure reading
pressure » Link organized knowledge to clinical
* Demonstrations, videos and implications
other detailed explainers » 140/90 mmHg = high resting blood
+ Discuss common pitfalls (e.g. pressure, which is a risk factor for
incorrect positioning) and how other health problems and may
to address them (e.g. preclude them from exercise

landmarking techniques)

Cognitive Processes
» Multiple opportunities to integrate and
use all relevant information
+ Demonstrations or case studies,
videos of model clinical
encounters, simulations
» Make links to personal experience or
knowledge already known by students
* Routine doctors visits include
blood pressure readings
» Model different reasoning approaches

Contextual Factors
* Include contextual information and
variation
 Different patients, heart
arrhythmias
* lrregular findings and
presentations

Figure 3. An outline of how one might use clinical reasoning theories to inform their teaching of the basic
clinical skill of blood pressure reading. All four quadrants should be addressed when teaching a clinical skill to
students such that they can be expected to appropriately incorporate the skill and interpret results during
a clinical case. Note that this process is not linear and can move in either direction between components of
clinical reasoning.
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Knowledge base and knowledge organization

A strong foundation of knowledge is necessary for both the accessibility of a broad range of
clinically relevant information and for scientific literacy (Bordage & Lemieux, 1991).
A strong knowledge base requires curriculum-level coordination because much of the
necessary foundational information is often taught in basic science courses (Woods et al.,
2006). If an educator wants students to integrate traditionally siloed basic sciences and
clinically oriented information into one interconnected knowledge network, an integrated
curriculum is of great benefit (Quintero et al., 2016). These links go both ways - clinical
knowledge should be integrated into basic science courses and basic science should be
integrated into clinical courses. This can be achieved through formal review of the relevant
information from other courses or the use of assignments, case studies (case-based learning)
or other complex tasks which would require students to draw on knowledge from diverse
courses to find a solution. For this strategy to be successful, an awareness of the material and
assignments other instructors are giving students is required (Brauer & Ferguson, 2015).

A common method to integrate a curriculum is via problem-based learning (PBL).
Although PBL can be implemented within a single course, many health professions pro-
grams base their entire curriculum on this approach. PBL relies on ill-structured, complex,
real-world problems as a stimulus for learning, and for integrating and organizing learned
information in ways that will ensure its recall and application to future problems (Colliver,
2000; Norman & Schmidt, 2000). PBL could be applied at the course level when teaching ill-
structured problems in kinesiology, such as integrating client history and client goals to
generate a tailored exercise prescription. PBL aligns especially well with both knowledge
organization and cognitive process theories as it encourages students to use all knowledge
available to them and all approaches to a problem to reach their answer.

According to exemplar theory in particular, the method and order in which information
is delivered is thought to influence the organization and application of a learner’s knowl-
edge (Norman, 2009; Schmidt & Rikers, 2007). Thus, the design of assignments which
explicitly build on previous knowledge must be carefully considered. This can be accom-
plished by integrating exemplar theory which suggests using a wide variety of examples and
prototype theory which recommends starting with typical cases and examples so learners
can understand the norms and major features before looking at case variations (Bordage,
1987). Once beginners have built a prototype, varied examples can be used in a carefully
considered order to broaden understanding. It should be noted that both prototype and
exemplar theory suggest that one example is not enough. Students need to be provided with
many opportunities to learn and to gain expertise in that specific clinical scenario. This
could apply to any clinical scenario in kinesiology, but may be most relevant for tasks which
require subjective visual observations such as gait or posture abnormalities, as opposed to
those with numerical cues such as recognizing diabetes via blood glucose level.

Giving many examples of the same ailment is important, but can be time consuming. To
heighten the learning opportunity and maintain student engagement, one can compare and
contrast the new case to previous examples and use a mixed-practice approach. In mixed
practice, different but easily confusable examples are learned together and distinguishing
features between them are explicitly examined (Monteiro & Norman, 2013). This is in
contrast to the more traditional blocked practice approach, where one category or type of
example is learned at a time. In one study examining these two teaching strategies for ECG
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reading skills, students taught using mixed practice had 17% higher test scores than the
blocked practice group (Hatala et al., 2003). The results of this study could be directly
applied to teaching kinesiology students as interpreting normal and abnormal responses to
exercise using ECGs may be considered an essential competency for kinesiologists —
“[demonstrates] knowledge of measurement methodologies and equipment use related to
assessing human function” (College of Kinesiologists of Ontario, 2014). Either mixed or
blocked practice could benefit from structured reflection, a strategy which requires students
to list findings that either support or do not support a certain diagnosis or treatment plan
(Mamede et al., 2014). This reflection strategy has been recommended in a highly compar-
able athletic therapy student cohort (Schilling, 2016).

Cognitive processes

As a student advances, the types of cognitive processes they use change. For example,
first year, graduate physical therapy students often use reasoning strategies which are
precursors to hypothetico-deductive reasoning, most commonly trial-and-error or follow-
ing memorized protocols (Gilliland, 2014). It is likely that this basic reasoning can also be
expected when kinesiology students begin introductory clinical skills courses. Educational
strategies should be tailored to this stage of CR development. For example, kinesiology
students in introductory clinical skills courses may benefit from clear protocols, checklists
and other learning supports (e.g., relevant basic science resources, clinical skill videos).
Indeed, one study found that entry-level students use more sophisticated reasoning strate-
gies when they could remember the clinical aids given to them during class (Gilliland,
2014), perhaps removing some cognitive load and allowing greater focus on the client.

As students develop, they progress to more sophisticated analytic reasoning strategies. In
a three year physical therapy program, researchers found third year students who had been
exposed to clinical placements use hypothetico-deductive reasoning as their primary CR
strategy (Gilliland, 2014). If upper year kinesiology students are afforded exposure to
practical, hands-on opportunities as in this physical therapy cohort, their CR development
may be comparable. More complex teaching strategies such as case-based learning can be
used more frequently to develop reasoning at this level. In fact, case-based learning has even
been used with second year athletic therapy students prior to any clinical exposure. Athletic
therapy students perceived the varied clinical case studies as being beneficial in developing
their CR and preparing them for a range of clinical presentations on their clinical placement
(Wilson, 2012). Think-aloud strategies which require a student to say out loud what they are
thinking can also be encouraged as it presents the opportunity to check students’ reasoning
and give them targeted feedback (Banning, 2008b).

Despite third year physical therapy students primarily using hypothetico-deductive
reasoning, the use of non-analytic reasoning was also common (Gilliland, 2014). When
students gain this ability to “skip” steps in their reasoning they should be encouraged to
continue in this non-analytic process, especially in combination with analytic reason-
ing. Medical students who were told to use a combination of both analytic and non-
analytic reasoning approaches had greater accuracy when reading ECGs than those who
received no instruction regarding how to approach a case (Eva et al., 2007).
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Contextual factors

Examples, cases, or other clinical teaching experiences should be as close to real-life
scenarios as possible to incorporate contextual factors in CR. In an ideal world, work-
place-based learning would provide the majority of examples and cases to student
clinicians (Dornan et al., 2007). However, the capacity to provide this learning opportu-
nity to more than a small percentage of kinesiology students is rare at Canadian uni-
versities. Other strategies which can incorporate most, but not all, contextual factors
include simulated or virtual patients. Simulated patients are usually standardized or
trained for this purpose (Cleland et al., 2009), but the simulated patient strategy can be
used in a regular kinesiology lab environment (exercise physiology, biomechanics, reha-
bilitation, etc) where partners trade off being each other’s clients. Preferably, students
would regularly switch partners such that as many contextual factors as possible change
with each “patient” encounter.

As we noted previously, CR strategies should always be tailored to the students’ knowledge
level and stage of learning. The addition of contextual factors raises the difficulty of a clinical
task considerably. This is reflected in the common strategy of instructor-led case discussions
in class followed by the integration of contextual factors in simulated patients in a lab setting
(Boshuizen & Schmidt, 2019). This implies that if a simulated patient strategy is to be used,
the lecture and/or pre-lab material should build to this learning strategy. Strategies are
required beyond just imparting the information in a traditional lecture style. Compare and
contrast exercises, instructor-led cases, concept mapping, interactive videos or other active
learning strategies should be used to train students to use CR in preparation for the more
difficult simulated patient task (Boshuizen & Schmidt, 2019). Similarly, simulated or virtual
patients are an excellent way to prepare students for workplace-based learning, and work-
place-based learning is excellent preparation to become an autonomous clinician.

Although the application of CR theory can inform decision making by helping educators
understand how student cognition level can be linked to teaching strategy selection, theory
does not make the teaching decisions. An educator must integrate theory with their
experience and intuition to determine the appropriate level of difficulty and amount of
practice their students require to be successful.

Conclusion

Clinical educators informed by CR theory have enhanced the learning outcomes of their
students in other health professions (Hatala et al., 2003; Eva et al., 2007). The use of
educational strategies informed by CR theory could assist kinesiology students in develop-
ing their clinical abilities. Although applying CR theory to kinesiology education is useful,
there are two limitations to the current state of the literature and our approach to
synthesizing it.

First, it should be noted that the CR theories and associated educational strategies we
introduced are not an exhaustive list. Due to our choice to only include theories which are
applied to both diagnostic (Young et al., 2018) and management reasoning (Cook et al., 2019),
there are several that have gone unmentioned (Croskerry, 2002; Mamede, Schmidt, & Penaforte,
2008). Both additional clinical theories and general educational theories (Kaufman, 2003) may
provide valuable insight into teaching CR in kinesiology.
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Second, we primarily drew on studies on CR from post-graduate physiotherapy and
medicine programs due to the dearth of information in undergraduate kinesiology programs.
In an attempt to mitigate this limitation, we also drew on literature from athletic therapy and
nursing, which are usually undergraduate entry-to-practice. However, all these programs
typically incorporate mandatory clinical placements, a strategy which has not been incorpo-
rated into kinesiology curricula. Although the comparability of the available evidence is not
ideal, we want to emphasize that the discussed CR strategies should nonetheless be applicable
to all healthcare professions, including kinesiology.

In addition to investigating the development of CR in kinesiology students, future
research could address the assessment of CR and clinical skills according to CR theory.
While CR theories have been applied to assessment (e.g., Cook & Durning, 2019; Lubarsky
et al., 2013) current strategies often have major drawbacks or foundational concerns (e.g.,
poor construct validity) (Monteiro et al., 2020).

This application of CR theory takes the first step toward evidence-based clinical educa-
tional practice for kinesiology students who aspire to become kinesiologists. It is our hope
that more research is focused on this area within the kinesiology profession as the changes
to the clinical curriculum continue in this recently regulated health care field.
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