
Initial Reliability of the Standardized Orthopedic
Assessment Tool (SOAT)

Mark R. Lafave, PhD, CAT(C)*; Larry Katz, PhD�;
Tyrone Donnon, PhD�; Dale J. Butterwick, MSc, CAT(C)�

*Mount Royal College, Calgary, AB, Canada; 3The University of Calgary, Calgary, AB, Canada

Context: Orthopaedic assessment skills are critical to the
success of athletic therapists and trainers. The Standardized
Orthopedic Assessment Tool (SOAT) has been content validated.

Objective: To establish interrater reliability of the SOAT.
Patients or Other Participants: Thirty-two college students,

10 raters, and 2 standardized patients (SPs) from Calgary,
Alberta, Canada.

Design: Randomized observational study.
Intervention(s): Students were allowed 30 minutes to com-

plete a mock orthopaedic assessment of an SP with an injury
specific to a region of the body (shoulder, knee, or ankle). Using
the region-specific SOAT, raters and SPs evaluated students’
orthopaedic assessment skills.

Main Outcome Measure(s): The sum totals of the SOAT for
2 raters and 1 SP were used to calculate each student’s
performance scores for respective scenarios. Scale reliability
analysis (Cronbach a) was completed on the SOAT for each of
the 3 body-region examinations.

Results: The mean overall reliability of 3 SOATs (ie, ankle,
knee, and shoulder) was positive: a 5 .85 with the SP scores
factored into the equation and a 5 .86 without the SP scores
factored into the equation. Reliability for the ankle region was
highest (a 5 .91), followed by the knee (a 5 .83) and the
shoulder (a 5 .82).

Conclusions: The study sample size was small, but the
results will enable further study with generalization to a
broader audience of athletic therapists and athletic trainers.
Because a baseline measure of reliability was established using
a robust statistical analysis, future researchers can employ
more stringent statistical analysis and focus on the effects of
various pedagogical techniques to teach and learn the
underlying construct of clinical competence in orthopaedic
assessment.

Key Words: musculoskeletal assessment, validity, Objective
Structured Clinical Examinations, measurement and evaluation,
education

Key Points

N The Standardized Orthopedic Assessment Tool had good interrater reliability for measuring athletic therapy student
performance in assessing the shoulder, knee, and ankle.

N Providing rater judgment and decision making may add to the overall validity of the Standardized Orthopedic Assessment
Tool to measure the construct of clinical competence in orthopaedic assessment.

N Using both detailed checklists and global rating scales, initially taking the extensive content validation steps, and requiring
extensive training for each rater and standardized patient before the examination could have contributed to the reliability of
the tool.

N The tool can be implemented into a larger-scale study to better evaluate its generalizability and effectiveness in measuring
the construct of clinical competence in orthopaedic assessment.

S
kills for assessing patients with musculoskeletal condi-
tions are critical in the athletic therapy, athletic
training,1 and physical therapy professions.2 They are

also important for primary care physicians, who use these
skills in 10% to 15% of all examinations.3 Teaching
assessment skills is equally important but challenging,
particularly if no educational standards are associated with
them.1 Student evaluation can yield clear signs of successful
learning and teaching. A procedure that athletic therapists
(ATs) in Canada employ to assess orthopaedic conditions
was content validated4 and resulted in the presentation of the
Standardized Orthopedic Assessment Tool (SOAT). Essen-
tially, the SOAT was based on evaluation protocols originally
described by Cyriax5 and further defined by Magee.6

Before the SOAT, no tool to measure orthopaedic
assessment skills had been described in the literature.4 In
brief, the SOAT was content validated using a modified Ebel

procedure as described by Butterwick et al.7 This procedure
consisted of experts reviewing all tasks associated with a
complete orthopaedic assessment. Each task was classified
by major category commonly employed in an orthopaedic
assessment: history, observation, scanning examination,
clearing joints above and below the lesion site, examination
(active, passive, and isometric resisted testing), special
testing, palpation, and conclusion (diagnosis). The SOAT
consists of identical history tasks for all regions of the body;
its remaining components have unique tasks that are specific
to each region. Experts reviewed all tasks associated with
each body part (approximately 200 to 250 per SOAT for a
specific body region) 3 times with different scenarios or
conditions. The target was 80% expert agreement for tasks
on a 3-level importance scale (essential, important, and not
as important) to accomplish content validation of the tool.
The standardized tool was finalized after further discussion
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and electronic communication, and it met the goal of 80%
expert agreement. The product was a tool that could
measure the underlying construct of clinical competence in
orthopaedic assessment.

A standardized tool to measure orthopaedic assessment
skills is important in educational settings for several
reasons. Classroom-based assessment rarely goes beyond
face validation, which limits its generalizability beyond a
specific school.8 Furthermore, the athletic therapy and
athletic training professions, like most medical and
paramedical professions, are accountable for providing a
standardized accredited curriculum. Professional standards
are in place to protect the public.9,10 Educational
institutions must work in concert with professional
governing bodies, licensing bodies (where applicable), and
certifying agencies to ensure standards are maintained. A
standardized assessment tool provides a mechanism to
maintain standards through constructive alignment with
professional competencies that tie all stakeholders to each
other.11 Assessment completes the teaching and learning
cycle, and the assessment tool is merely the mechanism that
facilitates the cycle. The process of tool development is
critical and must be planned carefully to build an accurate
measurement of the underlying construct.

To establish an instrument’s validity and reliability,
content validation is considered a crucial step in its
evolution.12 The next logical step in the development of
such an instrument involves reliability testing. Hodges13

pleaded for qualified validity of assessment tools. Moreover,
qualified validity indicates that a tool can be valid in certain
circumstances, but those circumstances must be clearly
defined so that the reader can make judgements about its
generalizability. In that regard, the target audience for the
SOAT is the athletic therapy profession in Canada. It takes
several studies to test a measurement instrument’s construct
validity.8,14 We have established content validity of the
SOAT, but we need to continue establishing the overall
construct validity of the tool. Therefore, the purpose of our
study was to establish baseline, and more specifically
interrater, reliability of the SOAT.

METHODS

The Standardized Orthopedic Assessment Tool

The SOAT was originally developed to evaluate athletic
therapy students’ clinical skills or competence in orthopae-
dic assessment during performance-based examinations.
The SOAT was designed to assess athletic therapy students
during a 30-minute period through expert evaluation by 2
raters and 1 standardized patient (SP). Components of the
SOAT are not unique because most athletic therapy,
physiotherapy, and medical professions employ similar
assessment protocols.5,6,15 However, the SOAT was the first
documented assessment tool that underwent content vali-
dation to measure the orthopaedic assessment construct in a
performance-based examination. A sample of the SOAT for
a specific body region is provided in the Appendix of the
online publication of this article, which is available at http://
www.nata.org/jat. Its major categories comprise history,
observation, scanning examination, clearing joints above
and below the lesion site, examination (including active
range of motion, passive range of motion, and isometric

resisted testing), special testing, palpation, and conclusion.
Each category includes a checklist and a global rating scale.
The history category also includes subsections with check-
lists and associated global rating scales.

Research Design

The original SOAT validation study focused on 6 regions
of the body (shoulder, elbow, wrist and hand, hip, knee,
and foot and ankle).4 In our study, 3 regions of the body
were the foci: the shoulder, knee, and ankle. These regions
are frequently injured and, thus, assessed by ATs,
physiotherapists, and sports medicine specialists.16 We
employed 1 scenario or diagnosis for each body region
(shoulder: subacromial bursitis; knee: infrapatellar bursitis;
ankle: lateral ankle sprain). A convenience-block random-
ized sampling method was used to ensure that at least 10
students were tested for each region of the body. Each
student was randomly assigned 1 of the 3 regions of the
body and was assessed by 2 independent expert raters and 1
SP using the SOAT (Table 1).

Sampling

Raters. Raters were solicited from the Alberta Athletic
Therapists Association through an e-mail distributed to all
certified members in Alberta (approximately 100 at the time
of the study). The 10 raters who participated were clinicians
and educators from educational institutions in the region
(University of Calgary and Southern Alberta Institute of
Technology), as well as community-based clinicians. The
primary factor associated with choosing raters was their
availability for specific time blocks. Raters were placed in
time blocks most convenient for them. A time block was set
according to rater availability for examining a minimum of 5
students at 45 minutes per student. We chose the raters and
set the time blocks before student or scenario assignment.
Raters were trained according to the protocol outlined in the
Rater Training subsection.

Standardized Patients. The 2 clinical practicum course
instructors from Mount Royal College acted as the SPs for
the examinations. One SP rated students during 3 time
blocks, whereas the other rated students during 2 time
blocks (Table 1). The SPs were assigned to time blocks in a
way that would limit fatigue. The SPs were trained
according to the protocol described in the Rater Training
subsection of this article.

Students. Participants consisted of 32 athletic therapy
students at Mount Royal College who were enrolled in
their first clinical practicum class, which was held during
the winter semester of 2006. These students were selected as
participants for this study because they were familiar with
the performance-based testing procedures and the SOAT
from the clinical practicum class. Participation in the study
was voluntary. This study received ethics approval from
the Mount Royal College Human Research Ethics Board,
and strict student recruitment practices were followed. All
students signed a voluntary consent form.

Rater Training

All raters and SPs attended a 3-hour orientation and
training session (with breaks) for the SOAT (ie, the grading
scheme and rating scales) that they would be using
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throughout the evaluation process, the purpose of the
assessment, and the targeted audience. Moreover, great
attention was paid to the rules for marking the iterative
nature of the SOAT and, more specifically, the special
testing section and the palpation component of the
orthopaedic assessment. A complete description of this
iterative nature of marking was outlined in Lafave et al.4 In
brief, the SOAT permits examinees to examine a patient (or
SP) using tasks that they see as important and relevant to
the specific condition. Concomitantly, the rater must judge
whether the examinee has made the appropriate choice or
choices based on the answers to the questions posed in the
history aspect of the orthopaedic assessment or testing
within their overall SP assessment. As a result, 2 examinees
may take markedly different pathways to a diagnosis (or
conclusion), but the methods used in both pathways may
be considered correct. Because raters must carefully
scrutinize flexibility in an examinee’s decision-making

process, the SOAT is more than just a dichotomous
checklist, which was the original intent of the Objective
Structured Clinical Examination (OSCE).17,18 This level of
flexibility was designed to address some of the validity
concerns of the OSCEs.19,20

After the basic orientation to the rules of using the
SOAT was complete, each SOAT for the shoulder, knee,
and ankle was reviewed. The answer key was reviewed to
train the SPs how to act and what to say when the students
asked certain questions or performed specific tasks. Each
task across the entire SOAT (approximately 200 to 250
tasks that were specific to a region of the body) was
reviewed with both SPs and raters present. The interactive
training included many opportunities to stop the presenter
and ask for clarification.

Data Analysis

Scale reliability analysis (Cronbach a) was completed on
the SOAT for each of the 3 body-region examinations.
When applied in this way, the Cronbach a reliability
coefficient is an intraclass correlation coefficient (ICC) or
measure of interrater reliability.12,21,22 We acknowledge
that generalizability theory testing is superior to ICC,23,24

but employment of the Cronbach a reliability coefficient is
considered a 1-facet special case of generalizability theory
and is most appropriate for this study, considering all
limitations, which we outline in the Discussion.

The sum total of the SOAT for the 2 raters and 1 SP was
used to calculate the students’ performance scores on
respective scenarios. The SPs completed a global rating
scale for each major section and for each of the history
subsections, whereas the raters completed the detailed task
checklists in the SOAT and then completed the global rating
scales. A sample of the detailed checklist from the history
subsection on the nature of injury and a corresponding
global rating scale are illustrated in the Figure. Global rating
scales consisted of an overall impression for each of the
major categories that composed the orthopaedic assessment.
The raters’ scores were actually a sum total of the detailed
tasks combined with the global ratings for each category.
Each task and global rating score was weighted equally (ie,
each was scored as 1 point). In contrast, the SP data
consisted of only the global ratings for each major section
and the history subsection within the SOAT. Each global
rating scale also was weighted equally for the SP grading
sheet (ie, each was scored as 1 point).

Two separate reliability analyses were completed: 1 with
the SP’s scores included in the analysis and 1 with only the
scores of the 2 raters.

RESULTS

As shown in Table 2, the mean overall reliability of all 3
SOAT regions of the body was similar whether the SP’s
scores were (a 5 .85) or were not (a 5 .86) included in the
analysis. In other words, the difference between reliability
scores with or without the SP’s scores included produced
an overall agreement rate of 99%.

DISCUSSION

The initial results indicate good interrater reliability for
the SOAT for the specific scenarios that were used. The

Table 1. Research Design

Block Student

Body Region

and

Diagnosis Examiner

Standardized

Patient

Block 1: April 19,

8 AM–12:15 PM

1 2 1

1 Shoulder

2 Knee

3 Knee

4 Knee

5 Shoulder

6 Ankle

Block 2: April 20,

8 AM–12:15 PM

3 4 1

7 Shoulder

8 Shoulder

9 Ankle

10 Shoulder

11 Knee

12 Ankle

Block 3: April 20,

12:15 PM–5:15 PM

5 6 2

13 Knee

14 Knee

15 Ankle

16 Ankle

17 Shoulder

18 Knee

19 Ankle

Block 4: April 21,

8 AM–12:15 PM

7 8 2

20 Ankle

21 Knee

22 Ankle

23 Ankle

24 Knee

25 Shoulder

Block 5: April 21,

12:15 PM–5:15 PM

9 10 1

26 Shoulder

27 Shoulder

28 Knee

29 Knee

30 Shoulder

31 Ankle

32 Shoulder
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ankle assessments had the highest reliability coefficients (a
5 .91), followed by the shoulder and knee when the scores
of the SPs were included in the grading process. The
reliability of the ankle assessment may have been highest
because it had the least number of special tests and likely
had the least complex scenario compared with the shoulder
and knee assessments. Future testing with more scenarios is
needed to compare SOAT reliability of 1 joint with
another.

During the content validation study,4 some athletic
therapists anecdotally questioned whether an assessment
tool that permitted such great flexibility by examinee and
examiner would allow consistent grading. As our study
shows, the initial scale reliability results of the SOAT
support the need for further research into its use as a
standard protocol for orthopaedic assessment.

Traditional OSCEs commonly employed in medical
education to measure a clinical construct are limited by
binary tools.17,18 In contrast, the SOAT employs both
binary and global ratings of performance. Some authors
have criticized traditional OSCEs, stating that they have a
tendency to trivialize the underlying construct that they
attempt to measure and, thus, call into question the overall
validity.19,20,25 The trivialization seems to have 2 reasons:

(1) all scales are binary, thus removing the expert opinion
of the performance,25 and (2) scales are traditionally a list
of detailed tasks that represent the underlying con-
struct.19,20 In contrast, a rater using the SOAT is grading
more than just a dichotomous scale. Raters are making
judgements based on the individual’s performance rather
than on a predetermined set of answers. In addition, tasks
and grades are associated with the examinee’s ability to
draw connections between categories, thus permitting
complete flexibility in decision making throughout the
orthopaedic assessment. In other words, the SOAT
requires raters to use expert judgement when grading
examinees and changes how raters evaluate each examinee
relative to another. For example, if an examinee decided to
use the Lachman test for anterior cruciate ligament
stability, but another examinee chose to use the anterior
drawer test, both choices could be considered correct if
applied appropriately. Furthermore, after the examinee
chooses a test, the rater can choose not only to grade
whether he or she thinks that the examinee selected the
correct test for anterior cruciate ligament stability but also
to grade the examinee’s performance of the test using a
continuous scale, rather than just stating whether the
examinee did the test or did not do the test. Provision of
rater judgement and decision making may add to the
overall validity of the SOAT to measure the underlying
construct, particularly as it relates to traditional OSCEs.

In addition to rating students on detailed tasks within
each major category and history subcategory, raters also
can rate students on global scales. Researchers originally
thought that dichotomous scales would increase reliability,
but authors of many studies with a global rating scale have
shown that this theory is false.25–27 As a result, the SOAT
was designed as a hybrid of detailed checklists and global
rating scales. Both the addition of global rating scales to

Figure. Sample of the Nature of Injury subsection of the History section from the Standardized Orthopedic Assessment Tool (SOAT). MOI
indicates mechanism of injury; SHARP, swelling, heat-altered function, redness, pain.

Table 2. Reliability Statistics by Body Region Described With the
Cronbach a

Body Region and

Diagnosis

Reliability

Standardized Patient

Data Included

Standardized Patient

Data Not Included

Ankle .91 .91

Knee .83 .91

Shoulder .82 .76
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the detailed checklist and the iterative nature of grading
examinees with the SOAT may have helped address
concerns of validity with OSCEs (or practical, perfor-
mance-based examinations).

Conceptually, the SOAT has a slightly different approach
from the one Denegar and Fraser1 proposed. They
recommended that evidence-based decisions for special tests
be employed during the physical examination. In support of
this approach, some authors of meta-analyses have pro-
posed the superiority of the sensitivity and specificity of
some special tests compared with others.28,29 However, even
if 1 special test demonstrates superior diagnostic power
compared with another, how each special test integrates into
an overall orthopaedic assessment has not been shown.
Ideally, a standardized assessment protocol should be
developed for the evaluation of all patients with knee
injuries. Yet those protocols will likely be limited by the
many factors associated with each case. Based on these
limitations, the SOAT was designed to address concerns that
OSCEs tend to trivialize content, bringing into question the
overall validity of the measurements.19,20,25

Strong reliability of the scales may be attributed to the
extensive content validation steps taken initially in the
process of developing the rating scale. In addition, a
thorough rater training session may also contribute to the
tool’s overall reliability.4 Some investigators have not
reported the validation process with performance-based
examinations, leading readers to infer that this step in the
overall validation may not have been established before
measuring the reliability of the tool employed.30,31 Ignoring
the initial content validation phase in the development of
competency measures may result in lower overall scale
reliability.12 In contrast, good reliability does not ensure
good validity. A balance and constant interaction between
validity and reliability is critical to an instrument’s
evolution toward construct validity.32

A final explanation of the SOAT’s reliability could be
the extensive training required for each rater and SP before
the examination. Part of the training process included a
review of the rules associated with the SOAT. The SOAT
rules and assumptions for use originally were published by
Lafave et al.4 The SP and rater training session was
standardized through a common PowerPoint (version
2003; Microsoft Corp, Redmond, WA) presentation and
set of detailed instructions on how the tool was to be used
during the examination. The training session was interac-
tive, permitting rater trainees to ask questions and gain
clarification based on the specific scenarios. Although the
training session took approximately 3 hours to complete,
the explicit training on the procedures for using the SOAT
may have contributed to the resulting strong reliability
coefficients.

Limitations

One limitation of our study was the research design.
Ideally, a fully crossed generalizability design, in which
each examinee is tested by the same raters across multiple
cases, is warranted. However, the SOAT is unlike
traditional OSCEs that have a station length of approxi-
mately 10 to 15 minutes and multiple stations to measure
the same underlying construct. Rather, the SOAT is
designed so that the history, physical examination, and

interpretation are not only part of the same station over a
30-minute period but also rely on the subsequent section
for rater scoring. Two 30-minute stations multiplied by 30
students in 45-minute time slots equates to 45 hours of
examining. Practicality was one of the main psychometric
issues that Harden and Gleeson18 raised. Even if ample rest
is provided between testing time blocks, testing students for
45 hours does not seem practical. Thus, for practical
reasons, we involved multiple examiners in our study,
limiting the research design and the statistical analysis
employed (ie, ICC or Cronbach a).

Another limitation of our study was that participants
were limited to the student volunteers from the clinical
practicum class at Mount Royal College in the winter
semester of 2006. This convenience sample may not permit
the results to be generalized to other athletic therapy
student populations in Canada or elsewhere. Although
generalizability theory may have been a solution to this
limitation, the rationale for not employing that technique is
explained in the preceding paragraph. Another solution
may include further testing of a broader population outside
the Mount Royal College environment. In future studies,
investigators need to focus on using the SOAT with a
broader audience beyond athletic therapy students at
Mount Royal College.

CONCLUSIONS

The SOAT has shown promise as an effective instrument
in measuring performances of athletic therapy students in
OSCE-type examinations. Our study was a critical step in
determining whether the SOAT could be implemented into
a larger-scale study with a larger group of participants
across Canada to better evaluate its generalizability and
ultimate effectiveness in measuring the orthopaedic assess-
ment clinical construct. In future studies, we will integrate
the SOAT into the curricula of 4 athletic therapy programs
across Canada (University of Manitoba, University of
Winnipeg, Concordia University [Montreal], and the
University of Calgary/Mount Royal) and include various
exposures for both students and instructors to measure its
effectiveness as a teaching and learning tool. This future
study will have a larger number of participants so that
reliability testing and generalizability analysis (where
feasible) can occur, and stronger construct validity for
the SOAT can be built. After overall reliability and validity
have been established with the athletic therapy population,
the SOAT can be tested in other medical and allied health
professional environments.
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