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Purpose: This retrospective study measured correlation of student performance between 2 objective structured
clinical examinations (OSCEs) and an introductory integrated clinical skills course that preceded the OSCEs.
The hypothesis was that there would be a strong, positive correlation between the earlier level examinations
and the upper level OSCE, high enough that earlier examinations could be viewed as predictors of upper level
OSCE performance. Methods: Using student scores for 5 academic terms of upper level OSCEs for 2008-2009
(n =208) and respective earlier scores, correlation coefficients were calculated for the upper level OSCE and
Clinical Skills course, and upper and lower level OSCEs. Multiple linear regression analysis was used to evaluate
how well the lower level OSCE and clinical skills scores, both as lone and combined independent variables,
predicted the upper level OSCE scores. Results: There was atf least a moderate correlation between both sets
of scores: r=.51 (p < .001) between upper level OSCE and clinical skills course, r = .54 (p < .001) between the
upper and lower level OSCEs. A combination of clinical skills and lower level OSCE scores suggested a moder-
ate prediction of upper level OSCE scores (R? = .38.) Conclusions: Correlafions were found to be of at least a
moderate level. According to linear regression analysis, a combination of the earlier scores was moderately
predictive for the upper level OSCE. More research could be done to determine additional components of

stfudent performance.
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INTRODUCTION

As in many other professional educational programs,
students in Life University’s doctor of chiropractic pro-
gram (DCP) must complete successfully objective struc-
tured clinical examinations (OSCEs), a testing format that
has been used widely in health care education. It long has
been recognized that written tests alone are not sufficient
for examination of clinical, technical, and practical skills,’
and the OSCE format, first described in 1975,% is one al-
ternative, designed with the intent of standardizing the
testing of clinical competence and minimizing the biases
of traditional written evaluation methods.> The conven-
tional view of an OSCE is of a series of 5- to 10-minute
stations where standardized clinical tasks are performed
under the observation of 1 or 2 examiners per station, with
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each examiner grading the performance on a structured
scoring form.! At Life University, students are required
to complete 2 OSCEs, the second following the first by 9
months, after a series of classes and examinations that re-
quire progressively higher levels of knowledge and skills.
The purpose of our study is to examine the consistency of
student performances on the 2 OSCEs and an introductory
integrated clinical skills course that precedes the OSCEs.

The current structure of the examinations of inter-
est was implemented in 2005, with development of the
clinical education track (CLET), a sequence of 8 classes
designed to teach clinical reasoning, and the physical ex-
amination and case management skills necessary to func-
tion effectively as a primary health care clinician. Of most
concern is the first class in the sequence, the 7th quar-
ter clinical skills course, designed to introduce students
to an organized approach to the fundamentals of clinical
problem solving, data gathering, case management, and
clinical examination skills. Within the 14-quarter stan-
dard curriculum, students entering this 7th quarter class
already have been trained in patient interview methods;
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orthopedic, neurologic, and physical examination; and the
fundamentals of chiropractic adjustment techniques. Test-
ing for the lecture portion of this course consists of weekly
individual Readiness Assessment Tests (iRATs), in which
students are required to read material before coming into
class, and a written final examination using multiple
choice and short answer questions. Testing of the practical
portion of the course consists of evaluation of students in-
terviewing a simulated patient, as well as orthopedic, neu-
rologic, and physical examination skills. Grading is ac-
complished by the use of standardized forms. The clinical
skills course must be passed before students are allowed
to advance to the third year of the curriculum and Level I
clinic internship (beginning practice with other students.)

OSCEs were introduced to our program in 2003, and
during 2007 and 2008 became established as a part of the
curriculum for the 9th and 12th quarters. The 9th quarter
OSCE must be passed for students to advance to intern-
ship in the outpatient clinic; successful completion of
the 12th quarter OSCE allows students to advance to the
senior level of clinic internship, for which expectations
are higher for their recordkeeping and case management,
and they are allowed to participate in off-campus outreach
clinics and internships in field offices.

The 9th quarter OSCE tests students’ skills and knowl-
edge through the first 8 quarters of the curriculum, and
consists of a case management section that includes 2
interview encounters with simulated patients, each fol-
lowed by written critical thought stations; 4 examination
stations (orthopedic, neurologic, physical); and 2 chiro-
practic technique encounter stations (e.g., motion palpa-
tion and static set-ups of adjustment techniques). Students
are allowed 5 minutes per station, and each station has a
different examiner. There also are 10 radiology examina-
tion stations, each with 2 questions regarding identifica-
tion and interpretation of normal anatomy and congenital
anomalies, with 4 minutes allowed per station. The 12th
quarter OSCE uses the same format, and includes similar
case management and physical examination components,
but with a higher level of difficulty and the addition of a
multiple-choice case-based critical thought examination,
and an expanded radiographic examination to include all
aspects of plain film radiography (e.g., a variety of pa-
thologies, fractures, and degenerative processes.)

Before our study, to our knowledge no one had mea-
sured previously the degree of correlation of student per-
formance at these various levels of our program, although
there are reasons for doing so. For one, there is a natu-
ral tendency to look at the scores earlier in a program of
study as a way of predicting future performance; however
it isn’t clear how dependably that can be done. For an-
other, despite continual efforts to improve and standard-
ize teaching and testing methods at our institution, stu-
dents occasionally report differences in faculty members’
opinions on the correct performance of some examination
procedures and that grading on performance-based tests
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can be inconsistent. It generally might be expected that, if
teaching and testing are greatly inconsistent, there might
be a low correlation between earlier and later test scores.
A higher degree of correlation would correspond with
more consistent student performances at different levels;
if high enough, scores at earlier levels could be viewed as
valid predictors of future performance. An extremely low
correlation could indicate problems with the testing pro-
gram; though the findings of this particular study would
not be very specific, closer scrutiny of the program would
be justified.

There have been a few other investigations into the
relationship of OSCE performance in chiropractic educa-
tion, though none appeared to have been truly similar to
our study. For some examples, Foster and Wise examined
undergraduate grade point average, National Board of
Chiropractic Examiners Part 1 scores, and academic per-
formance in clinical science courses, and compared them
to scores in an OSCE, finding that only grades in clinical
science courses demonstrated any predictive value.* Wells
et al. examined students’ demographic characteristics and
academic history in an attempt to predict performance on
an OSCE-style examination.” Adams et al. reported close
correlation of a written examination with an OSCE devel-
oped for a chiropractic standardization program in Japan.®
Lawson found OSCE performance to have a moderate
correlation on some components of the Canadian Chiro-
practic Examination Board examinations,” and Tobias and
Goubran reported on an OSCE given at the end of the first
year of a chiropractic program, in which most students
agreed the test was appropriate for their knowledge and
skills at that point in their education.?

For our study, the hypothesis was that there would be a
positive correlation between scores at different levels, that
is students who scored well at the earlier levels (7th quar-
ter Clinical Skills class and 9th quarter OSCE) also will
have scored well on the 12th quarter OSCE, while students
who scored poorly at the earlier levels also will have lower
scores on the later OSCE, and that the amount of correla-
tion would be high enough that tests given at earlier levels
could be viewed as valid predictors of future performance.

METHODS

Participants

The Life University Institutional Review Board ap-
proved the use of student grades for the purposes of our
study. Using existing data supplied by the administrator for
OSCEs at Life University, students were included in our
study if they had taken the 12th quarter OSCE (OSCE-12)
during the academic quarters summer and fall of 2008,
and the winter, spring, and summer of 2009. The capture
period began with the summer of 2008 because students
who took the OSCE-12 just before that time generally had
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taken a 2-quarter version of the Clinical Skills class that
existed only briefly during a redesign of the DCP curricu-
lum. A single percentage value was used for analysis, cal-
culated as the average of all the individual station scores
on the examination. If a student took the OSCE-12 more
than once, only the first score (usually a failing grade) was
used, because that more likely represented student perfor-
mance before any remedial tutoring or other post-failure
improvement strategies.

Scores from the 9th quarter OSCE (OSCE-9) and
Clinical Skills class (CLET-7) then were obtained. For
OSCE-9, a single percentage value was calculated by
averaging the individual station scores. For CLET-7, the
single percentage value used to represent performance in
the class was the average of the written final examination
and performance-based lab examination. Students were to
be excluded if they did not have a single CLET-7 score
(i.e., they took the earlier, 2-quarter version.) For students
who took the OSCE-9 or CLET-7 more than once, only
the first score was used, as with the OSCE-12.

Data and Analysis

All scores were entered as percentages of a 100-point
scale into Microsoft Excel documents for purposes of or-
ganizing different sources into a single document; analy-
sis was done in SPSS version 16.0 (SPSS Inc., Chicago,
IL). Group means for CLET-7, OSCE-9, and the OSCE-
12 were compared using repeated measures ANOVA.
A correlation coefficient (Pearson r) was calculated for
comparison of CLET-7 to OSCE-12 and of OSCE-9 to
OSCE-12. Multiple linear regression was done to evaluate
how well CLET-7 and OSCE-9 scores, as lone and com-
bined independent variables, predicted OSCE-12 scores
(dependent variable.) Results were to be considered sig-
nificant if p values were < .05.

RESULTS

A list of OSCE-12 scores from the 5 quarters span-
ning the summer of 2008 through the summer of 2009
contained 288 names. Of these, some names were dupli-
cated, as some students had taken the examination twice
(n = 25) and some 3 times (n = 4), so the scores kept
were for their original attempts and the later ones (total
of 33) deleted. There were an additional 33 students for
whom OSCE-9 scores were missing and apparently pre-
dated the records supplied; delays between the OSCE-9
and OSCE-12 are not unusual or unexpected, and might
be caused by failing and repeating some required classes,
dropping out of school for a time, or attending on a part-
time schedule. Of the remaining names, 14 students did
not have a usable CLET-7 score, either because they took
the earlier, 2-quarter version of the class, or did not take
the final examination in their first attempt at the class. The
final analysis included 208 students for whom all 3 exami-
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Table 1. Mean scores and standard deviations (SD) for
each test.

Test CLET-7 OSCE-9 OSCE-12
Mean score 79.29 84.37 77.54
D) 7.3) (5.6) 6.3)

The CLET-7 mean is significantly different from OSCE-9 (mean differ-
ence 5.1, standard error 0.487, p < .001, 95% confidence interval (Cl)
= 3.90-6.25).

The CLET-7 mean is significantly different from OSCE-12 (mean differ-
ence 1.8, standard error 0.473, p = .001, 95% ClI = 0.607-2.89).

The OSCE-9 mean is significantly different from the OSCE-12 (mean
difference 6.83, standard error 0.397, p < .001, 95% Cl = 5.86-7.78).
Comparisons of means were made by repeated measures ANOVA,
with Greenhouse-Geisser corrections, in all cases, for violations of
assumptions of sphericity.

Table 2. Infer-test correlation coefficients.

OSCE-12to OSCE-12to
CLET-7 OSCE-9
Pearson r .505 541
p < .001 p < .001

nation scores were available.

In Table 1, mean scores and standard deviations for
each test are shown. Students’ group mean scores were
highest on the OSCE-9 and lowest on the OSCE-12, and
each was significantly different from the others. Table 2
lists the correlations between the tests at various levels:
Pearson = .51 between CLET-7 and the OSCE-12, and r
= .54 between the OSCE-9 and OSCE-12. The compari-
sons reached a level of significance at p < .001, so the
results are unlikely to have occurred due to chance alone.

Table 3 displays the results of the linear regression
analysis. The R’ value for OSCE-7 alone with OSCE-
12 indicates that the variation in one group of scores is
similar to the other (shared variance) to a degree of ap-
proximately 26%; the R’ value for OSCE-9 alone with
OSCE-12 reflects shared variance of approximately 29%.
The R? value for a combination of CLET-7 and OSCE-9
scores was higher than for either score alone, such that the
combination of the independent (or predictor) variables
accounted for approximately 38% of the OSCE-12 score.
The values used for constructing prediction equations all
were significant (p <.001).

Table 3. Linear regression analysis of clinical education
frack (CLET)-7 and OSCE-9 scores as predictors of OSCE-
12 scores (n = 208).

Multiple
CLET-7 OSCE-9 Regression of
Response Alone as Alone as CLET-7 and
Variable Predictor Predictor OSCE-9
OSCE-12 255 293 382
p < .001 p <.001 p <.001
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DISCUSSION

Faculty members and students tend to operate on the
assumptions that a successful (or poor) performance on an
earlier test likely will predict a successful (or poor) per-
formance on a later test of related subject matter. Despite
occasional student fears to the contrary, such assumptions
seem to have been reasonable, along with an awareness
that other factors are involved, for the particular tests ex-
amined in our study.

According to the Pearson » values found in our study,
there appears to have been at least a moderate correlation
between test scores at different levels. In labeling this
amount of correlation at least “moderate,” comparisons
have been made with Pearson r values of other OSCE
studies, in which » = .16—.18 has been labeled as “very
little” correlation,’ r = .22—.26 “weak,”!* r = .221-.282
“small to moderate,”!! = .322-.395 “moderate,”'? and r
= .4—.6 “fair.”"® Searches of the literature turned up other
studies of relationships between OSCEs and scores on
other evaluations (Table 4).7°2* In several examples the
amounts of correlation appeared similar to the Pearson
r values found in our study, while in several others the
correlation appeared much lower, and only 1 example
was found for which correlation appeared substantially
higher than that of our study.?’ Some investigators’ in-
sights could be helpful to other investigators. Campos-
Outcalt et al. explained a “low” correlation (Pearson
r = .305) between 4th-year medical school OSCE and
Ist-year residency rating as, ““...a common problem in
medical education research because medical students
are a highly uniform cohort in academic abilities...”."*
Langford et al. observed, when a multiple-choice ques-
tionnaire correlated “weakly” with an OSCE (Pearson r
= .2), that the OSCE testing revealed “serious practical
difficulties” that were not discovered through written ex-
aminations alone."

The linear regression analysis suggests a moder-
ate ability to predict OSCE-12 scores by the combina-
tion of CLET-7 and OSCE-9 scores. In the case of the
single CLET-7 score, more than 74% of the variance of
the OSCE-12 scores can be attributed to other factors
(nearly 71% for the OSCE-9, although only about 62%
when both scores are used together for prediction). How-
ever, what actually was found might be as high as could be
expected for these circumstances. A few other examples
of studies similar to ours may be seen in Table 4.!220-22
in each case the investigators evaluated the ability of an
OSCE to predict performance on later assessments. In an-
other example from the chiropractic education literature,
in which earlier assessments were used to predict OSCE
performance, Foster and Wise used regression analysis
and found “no real correlation” between National Board
of Chiropractic Examiners Part 1 scores and performance
on an OSCE, and “weak to mild” correlation between un-
dergraduate GPA and OSCE performance, and stated that
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“Only performance in clinical science courses demon-
strated any predictive value in determining clinical abili-
ties as assessed by an OSCE.”* No numeric coefficients
were stated in their conference abstract, and the study ap-
pears not to have been published.

While there may be few examples similar to our study,
a search of the literature makes it clear that prediction of
student performance is an important topic in health care
education. A few examples from other areas might provide
a useful context for what ranges of scores could be ex-
pected. In a study of the role of preadmission factors in
predicting first-year podiatric school performance, Smith
and Geleta found an R’ of .32, and commented that the
predictive accuracy of their model (using MCAT scores,
undergraduate Grade Point Average [GPA], age, sex, eth-
nicity, and first-year podiatric medical school GPA) was
similar to those of other studies of preadmission vari-
ables.” Veloski et al. used multiple linear regression to test
the predictive value of age, race, sex, undergraduate GPA,
and MCAT scores for students’ performance on the United
States Medical Licensing Examination (USMLE), finding
R’ values of .26, .23, and .17 for USMLE steps 1, 2, and 3,
respectively.”® In an example from chiropractic education,
Cunningham et al. looked for predictors of performance on
the U.S. National Board of Chiropractic Examiners’ Part 1
examination, and found the best predictors to be students’
GPA from within the chiropractic program (R’ =.368) and
GPA from pre-chiropractic education (R? = .252), as com-
pared to strategies, such as short-term increases in study
effort (R? = .010) or commercial coaching courses and
other sources of prepared materials (R? =.001).”

Limitations

The intra- and inter-examiner reliability of the tests
included in our study is unknown, and without such in-
formation, the correlation found in our study is uncertain.
In contrast, many of the studies found in the literature
search did measure reliability and state correlation coef-
ficients,"1112:16.17. 28 though others did not;?>** some did not
even mention the issue of test reliability.”'** Following
each OSCE in this time period, a faculty committee in-
spected evaluator checklists for inter-examiner discrepan-
cies and made scoring adjustments where obviously need-
ed, but there was no formal analysis of reliability. After
the time of our study the OSCE post-examination process
was altered, such that the newer, more formal process will
allow reliability coefficients to be calculated in the future.

The methods used in our study can measure only a re-
lationship, but cannot provide any information about why
one set of correlations is higher or lower than another; nor
is it known why students scored significantly higher on the
OSCE-9 than the OSCE-12 and CLET-7. It would be helpful
to those faculty members who design and administrate the
examinations to know whether certain specific subject areas
raise or lower the scores. If a different question were to be
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Table 4. Examples of correlation of OSCE performance with other assessments, and uses of linear regression analysis in
evaluating OSCEs as predictors of performance on later assessments.

Author, Year,
Program of Study

Study Descriptions and Comments

Prislin et al.,’® 1998,
medical

Assessment of student performance during 3rd family medicine clerkship: OSCE scores
correlation with evaluations by faculty observers, r=.26; OSCE scores correlation with
written examination r = .22.

Campos-Outcalt et
al.,' 1999, medical

OSCE scores from beginning of 4th year of school were compared to 1st year residency
director’s ratings (approx. 20 months after OSCE), r = .305.

Kahn et al.,'® 2001,
medical

4th year OSCE scores compared to evaluation of clinical skills by residency directors, class
rankings, and medical licensing examination scores; no significant correlation of OSCE to
composite of other assessments: r= .22, p=.15.

Remmen et al.,'®
2001, medical

Correlation between final-year medical students’ written examination to an OSCE: r=
.35-.48 (2 different schools.) Also notable: mean scores were failing grades, and some
tests also had low reliability (Crohnbach’s alpha .32-.79); authors stated that correlation
would have been higher (r = .64-.87) if test reliability had been perfect.

McLay et al.,'" 2002,
psychiatric

Students in a 3rd-year psychiatric clerkship conducted a full-length interview of
standardized patients with simulated complex profiles. The written portion of this OSCE
had a “small to moderate” correlation with the National Board of Medical Examiners’ shelf
examination in psychiatry (r=.220-.282) and with a clinical rotation “ward grade”
(r=.259).

Simon et al.,'” 2002,
medical

Moderate amount of correlation between 2nd year students” OSCE scores and the U.S.
medical licensing exams’ Step 1 scores (r=.41)" and Step 2 scores (r = .395).”

Probert et al.,’® 2003,

medical

An end-of-program OSCE (history, examination, data interpretation, practical skills)
correlated moderately (r= .50) with a traditional clinical final examination given 4 weeks
later (long & short cases.) Performance on the OSCE had a “positive,” but not statistically
significant, association with later ratings by supervising general practitioners (o = .42.)

Wilkerson and Lee,?
2003, medical

Performance on final-year Clinical Performance Examination (physical examination,
history taking, and communication) had “very little” correlation (r=.16-.18) with an OSCE
for selected organ system examinations. Authors: “knowing how to perform the physical
examination and knowing when to perform it may be very different skills.”

Langford et al.,’?
2004, medical

Assessment of pharmacologic therapeutics, 5" year students: theoretical knowledge
tested by written multiple choice questionnaire (MCQ); practical aspects tested with an
OSCE.The MCQ and OSCE correlated “weakly.” r=.2.

Wilkinson and
Frampton,?° 2004,
medical

5th year students’ OSCE performances compared o subsequent year as trainee infterns:
OSCE compared to global ratings by senior doctors, junior doctors, and nurses, r = .59;
OSCE compared to comprehensive structured assessment, r=.77.1n a regression analysis:
partial correlation coefficient of .31 for global ratings by senior doctors, junior doctors, and
nurses; partial correlation coefficient of .43 for comprehensive structured assessments.

asked, for example “What are the factors that would predict
scores most accurately on the upper level OSCE?,” there are
a number of possible alternative approaches. A more com-
plete consideration of elements of prediction equations was
beyond the scope of this study, but there are many examples
in the literature using factors, such as grade point averages,
scores from basic science classes, or even Graduate Record
Examination scores, depending on the academic level of in-
terest. Future researchers perhaps also could consider fac-
tors, such as students’ choices of which subjects to study,
outside work schedules, National Board of Chiropractic Ex-
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aminers’ scores, individual attitudes and learning styles, or
individual faculty members’ grading patterns.

We also are involved in the administration of these
tests and teaching of some of the classes that students
take. When students enter an OSCE station, it is not un-
common for the student and faculty evaluator to recognize
each other; this is unavoidable in such a small institution,
but the multiple associations do create possible perfor-
mance and grading biases.

Finally, the scores used in our study are the products
of a unique combination of individuals and subject matter,
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Table 4. Continued.

Author, Year,
Program of Study

Study Descriptions and Comments

Lawson,” 2006,
chiropractic

Performance on the OSCE portion of the Canadian Chiropractic Examination Board
examination was found to have a moderate correlation (.43-.44, using structural equation
modeling) to the basic science, applied science, and clinical decision-making written
exams.

Lawson and Till,?!
2006, chiropractic

Used backward stepwise multiple linear regression (starting with multiple variables,
testing them one by one, and eliminating any noft significant)... Combination of 2nd
year GPA and 3rd year patient-based OSCE: R? = .405 as prediction of performance on
the Canadian Chiropractic Examining Board’s (CCEB) Basic Science Examination (BSE).
Combination of 2nd year GPA and 3rd year non-patient OSCE: R? = .160 as prediction of
performance on CCEB Clinical Skills Examination.

Simon et al.,'? 2007,

medical

Moderate amount of correlation between 2nd year students’ OSCE scores and the US
medical licensing examinations’ Step 2 scores (r=.395). In a linear regression model:
included Medical College Admission Test (MCAT) scores, race, sex, OSCE skills scores, and
United States Medical Licensing Examination (USMLE) Step 1 scores to predict USMLE Step
2 scores; they found an ? of .575, but that the OSCE scores accounted for only .013 (1.3%)
of the variance.

Curtis et al.,2 2007,
dental

Students’ performance on a knowledge-based OSCE had a “weak, at best” correlation
(r=.21) with a later patient-based competency examination (involving “preparation

for and delivery of a full veneer crown.”) In a linear regression analysis: Students’
performance on a knowledge-based OSCE was not predictive of performance on a
patient-based competency examination (2 = .045, p = .07). Authors: *...the results of our
study would lead us to not consider using the OSCE as a ‘must pass’ before continuing in
the curriculum.”

Fields et al., 2007,
dental

Student performance on 13 proficiency areas in an advanced orthodontic OSCE had
an inverse correlation with 2n and 3@ year students’ pre-test confidence in each area
(Spearman rho -.33 and -.45); and with faculty predictions of performance (Spearman
rho -.32 and -.21). Authors: "Student and faculty opinions regarding confidence and
proficiency are of little use in evaluating student ability.”

Wallenstein et al.,?
2010, medical

OSCE given to Emergency Department residents, in their first month, compared to later
evaluations on several competencies of the Accreditation Council for Graduate Medical
Education: OSCE to overall ACGME performance, r = .48.

Sandoval et al.,?
2010, medical

OSCE given during a pediatric internship; correlation with written examination, on
average over a 7-year span: r=.38, p < .001 (ranged from .05-.48); 7-year average
correlation with a Daily Clinical Practice Observation Guideline: r= .28, p < .001
(range .16-.46)

Note: “correlation” refers to Pearson r except where stated otherwise. Individual authors considered their correlation and regression findings
significant (with p values < .05), except where stated otherwise.

and may not generalize to educational programs at other
chiropractic colleges or even to other time periods for the
same institution; however other instructors and adminis-
trators might be able to examine these methods and im-
prove upon them.

CONCLUSIONS

Correlations between different levels of testing in Life
University’s Doctor of Chiropractic program were of at
least a moderate level. A combination of the earlier test

© 2012 Association of Chiropractic Colleges

scores used in our study were moderately predictive for
the senior level OSCE, but it appeared there also were
other unidentified factors. More research could be done to
determine additional components of student performance
during progression through the DCP.
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Errata

Volume 25, issue number 2, contains an error on page 177 of the article “A History of
The Journal of Chiropractic Education: Twenty-Five Years of Service, 1987-2011,” by Bart
Green, Grace Jacobs, Claire Johnson, and Reed Phillips. The sentence states, “In 2005, the
ACC Educational Conference combined with another popular chiropractic conference, the
Research Agenda Conference (RAC), to become the ACC-RAC.” The date should be listed
as 2002. We apologize for any inconvenience this may have caused.
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