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Abstract

Background: Research on the predictive validity of the Medical College Admissions Test (MCAT) on licensing
examination performance is varied in its conclusions, with only a few studies examining this relationship in a
Canadian context. We assessed the predictive validity of the MCAT on successful performance on the Medical
Council of Canada Qualifying Examination (MCCQE) Part 1 by students attending the Cumming School of Medicine.

Methods: Prospective data were collected on MCAT score and sub-section scores, MCCQE decision, multiple mini
interview (MMI) performance, gender, and age. The cohort was divided into a derivation cohort (2013 and 2014)
and validation cohort (2015 and 2016). Students were dichotomized into pass or fail on MCCQE. Multiple logistic
regression in which our dependent variable was MCCQE Part | examination success at the first attempt was used,
and potential explanatory variables were age, gender, MCAT total score, and sub-scores for the biological sciences
(MCAT-BS), physical sciences, and verbal reasoning, GPA, and MMI ratings.

Results: For the derivation cohort MCAT-BS was associated with success on the MCCQE Part I. The odds ratio for this
association of 1.37 (95% confidence interval [1.01, 1.85], p = 0.04). When we applied the MCAT-BS to our validation
cohort the odds ratio of MCCQE Part | examination success was 1.42 [1.10, 1.83], p = 0.007) and the area under the
ROC curve was 0.66 [0.54, 0.79]).

Conclusion: The MCAT-BS predicted successful performance on the MCCQE Part 1 Examination in the Canadian
setting.
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Introduction

Medical school admissions committees are faced with
the challenge of selecting students for admission
from a large pool of applicants. The decisions made
throughout this selection process have important
implications on society as they impact the ability of
the health care system to meet the needs of the
population. For example, ensuring that prospective
students have equitable access to medical school
admission, while also possessing the necessary
academic and non-academic skills to succeed in a
career in medicine, is important to producing
physicians that reflect the diversity of the population,
are effectively able to serve their patients, and
advance scientific discovery.! Therefore, it is
important that medical school admissions
committees evaluate applicants in a reliable and valid
manner in order to select students that will succeed
in their medical education, subsequent careers as
physicians, and embody the mission of their medical
schools.

In Canada, the admissions selections process varies
between medical schools, but generally involves
multiple assessment methods that evaluate both
academic and non-academic traits. The tools utilized
to measure academic abilities vary between medical
schools and may include all measures or a selection of
Grade Point Average (GPA), the Medical College
Admissions Test (MCAT) scores, and holistic file
reviews of academic achievement. To assess
academic preparation, MCAT is a commonly used tool
across North America.

The widespread use of the MCAT is largely due to its
ability to facilitate reliable comparison between
applicants from diverse backgrounds arising from its
quantitative and standardized nature.>® There have
also been several studies that demonstrate that the
MCAT can predict future performance on licensing
examinations. A systematic review and meta-analysis
of 19 studies found that the MCAT total score has
moderate to high predictive validity for success on
the United States Medical Licensing Examination
(USMLE) Step 1, although this relationship is not as
pronounced for the USMLE Steps 2 and 3 which are
focused on assessing clinical knowledge and skills
compared with pre-clinical basic science knowledge
tested in Step 1.* This systematic review also found
that the biological sciences subsection of the MCAT

was the best predictor of USMLE Step 1 scores.* More
recent studies have shown that both MCAT total
score and MCAT biological sciences sub-score were
predictive of performance on the USMLE Step 1.>®
However, a weak or insignificant relationship
between the MCAT and licensing examination scores
or board certification has also been demonstrated.”®
The predictive validity of the MCAT, and subsections
of the MCAT, on licensing examination scores has also
been shown to be influenced by factors such as
English language learner status and ethnicity.>%11

Not only is the literature examining the MCAT and
performance on licensing examinations somewhat
varied in its conclusions, most of it is also based on
American populations, with only a few studies
examining this relationship in a Canadian context.
121314 Successful performance on the Medical
Council of Canada Qualifying Examinations (MCCQE)
is required for independent clinical practice. Part 1 of
the MCCQE examination is a computer-based test
that assesses the competence of candidates who
have obtained their medical degree for entry into
postgraduate training programs. Part 2 of the MCCQE
consists of a series of clinical stations to assess the
knowledge, skills, and attitudes prior to entry into
independent practice. In the Canadian context, the
predictive validity of the MCAT on performance of
MCCQE examination has been examined, with
identification of the verbal reasoning and biological
sciences subsections correlated with Part | scores.'?13

Prior to the release of the MCAT 2015, the admissions
selections process at The Cumming School of
Medicine (CSM) at the University of Calgary
considered the following scores in its admissions
selections process: GPA, MCAT verbal reasoning
(MCAT-VR) sub-score, holistic file review, and
Multiple Mini Interview (MMI). The MCAT-VR sub-
score is assigned 10% weighting to the final
admissions score based on literature supporting its
predictive validity. Although an assigned weighting to
the total MCAT score or other sub-scores is not
provided, the file reviewers are encouraged to
consider all aspects of academic and non-academic
performance when assigning a holistic file review
score and are able to see all MCAT components.

The relationship between MCAT scores and
performance on medical licensing exams warrants
further investigation in a Canadian context. The
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objective of our study was to assess the predictive
validity of the MCAT on successful performance on
the MCCQE Part 1 by students attending the CSM to
better inform the admissions selection process there
and in other similar medical schools.

Methods

This study was granted ethical approval by the
Conjoint Health Research Ethics Board at the
University of Calgary.

Participants

Our participants were all students at the CSM who
completed the MCCQE Part 1 between the years
2013-2016 inclusive.

Data sources

The data used for this study were collected
prospectively as part of our admission selection
process. These data included scores from GPA, MCAT
total score and sub-scores (biologic sciences, physical
sciences, verbal reasoning), and the MMI. We also
noted the gender and age of applicants.

Procedures

We used a retrospective case-control study design to
identify variables collected at the time of medical
school admission that associate with pass/fail
performance on the MCCQE Part 1 exam. We divided
our dataset into derivation and validation cohorts to
allow us to determine whether any associations
between admissions data and MCCQE Part 1 exam
were consistent.

In 2015, the Medical Council of Canada (MCC)
appointed a standard-setting panel comprised of 17
Canadian physicians to identify a new minimum pass
level (427) for the MCCQE Part 1. In doing so, they
also developed a new scale for scoring the
examination — a numeric result between 50 and 900
(mean 500, SD 100), which would be used during all
future examination sittings. For the validation cohort
(2015 and 2016) we dichotomized students into pass
vs. fail depending upon whether their score on the
MCCQE Part | examination was > 427 or < 427,
respectively, and for the derivation cohort (2013 and
2014) cohorts we dichotomized students into pass vs.
fail using a cut-off of 440 (which equates to 427 on
the revised scale).

Statistical analysis

We divided our dataset into a derivation cohort (282
students from the graduating classes of 2013 and
2014) and a validation cohort (269 students from the
graduating classes of 2015 and 2016). In our
derivation cohort we used multiple logistic regression
in which our dependent variable was MCCQE Part |
examination success at the first attempt and our
potential explanatory variables were age, gender,
MCAT sub-scores for the biological sciences (MCAT-
BS), physical sciences (MCAT-PS), and verbal
reasoning (MCAT-VR), GPA, and MMI ratings. We also
considered two-way interactions between our
explanatory variables and performed backward
elimination in our regression model, beginning with
the interaction terms. From the results of our logistic
regression we then generated probability of MCCQE
Part | examination failure using the equation:
probability = e / 1+e"** To evaluate the predictive
ability of our explanatory variables we performed
receiver operating characteristic (ROC) analysis
where our outcome was MCCQE Part | examination
success. Having identified the predictors of MCCQE
Part | examination success in our derivation cohort,
we then evaluated the predictive performance in our
validation cohort. We used STATA® Version 11.0
(StataCorp, College Station, Texas) for our statistical
analyses.

Results
Derivation cohort

For the derivation cohort (students from the classes
of 2013 and 2014), there were no statistically
significant interactions and a single variable, MCAT-
BS, was associated with success on the MCCQE Part |
examination. The odds ratio for this association of
1.37 (95% confidence interval [1.01, 1.85], p = 0.04)
implies that the odds of examination success
increases by 37% for each point increase in the MCAT-
BS score. In terms of predicting MCCQE Part |
examination success, the area under the ROC curve
was 0.64 [0.53, 0.76] (Figure 1). Figure 2 shows the
relationship between MCAT-BS score and the
probability of success on the MCCQE Part |
examination.
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Figure 1. Area under the ROC curve for MCAT-BS as
a predictor of success on the MCCQE Part |
examination in the derivation cohort
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Figure 2. The association between MCAT-BS and the
probability of success on the MCCQE Part |
examination in the derivation cohort
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Validation cohort

When we applied the pre-clerkship MCAT-BS to our
validation cohort the odds ratio of MCCQE Part |
examination success was 1.42 [1.10, 1.83], p = 0.007)
and the area under the ROC curve was 0.66 [0.54,
0.79]) (Figure 3). Figure 4 shows the relationship
between MCAT-BS score and the probability of
success on the MCCQE Part | examination for the
validation cohort.

Discussion

In our prospective longitudinal study, we have shown
that the MCAT-BS predicted successful performance
on the MCCQE Part 1 Examination. As the admissions
selection process pre-assigned 10% weight to the file
score, the MCAT-VR sub-score could not be assessed
as predictive of outcome. Consequently, our study

sample had higher MCAT-VR scores and may not have
included a wide enough range of MCAT-VR scores to
establish the predictive validity of this MCAT
subsection.

Figure 3. Area under the ROC curve for MCAT-BS as
a predictor of success on the MCCQE Part |
examination in the validation cohort
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Figure 4. The association between MCAT-BS and the
probability of success on the MCCQE Part |
examination in the validation cohort
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Demographic variables (age, gender) and other
measures of academic performance (GPA, MMI
score) were not shown to predict successful MCCQE
Part 1 performance. Our findings compare with
previously published studies although others have
shown that MCAT total scores, or subsection scores
other than the MCAT-BS section, were predictive of
licensing exam success.*®

Potential explanations to account for the findings and
those of previously published reports may include
differences in institutional curricular content in the
basic sciences, and differences between our cohort of
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students and those studied in these reports. For
example, one study found MCAT total score was the
best predictor of USMLE step 1 performance,
however their sample was an exclusively Asian and
Pacific  Islander  population.”  Others have
demonstrated that MCAT total score was weakly
associated with USMLE step 1 scores or not
associated with board certification, however both of
these samples were taken from the Uniformed
Services University, which is the United States only
federal medical school.”®

A strength of our study is that it examines the
relationship between the MCAT scores and licensing
exams in a Canadian context rather than in the
American  setting. Canada’s medical school
admissions processes, mandate, medical education
system, and licensing exams are unique in the world.
Therefore, variables such as MCAT scores, gender,
age, GPA, and MMI may interact differently or
demonstrate different associations with medical
licensing exam performance than they do in the
United States or other countries. A few older studies
have examined Canadian data. Unlike our study, one
group examined MCAT total score and MCAT-VR
score, and found that both were significantly
correlated with MCCQE Part | scores, however
predictive ability, and the remaining MCAT sub-scores
were not assessed.!* Another Canadian study, which
had some similar findings to our study, concluded
that the MCAT-VR score and the MCAT-BS score
significantly correlated with MCCQE Part | scores.!?
However, both of these studies were published more
than a decade ago and as described earlier, a new
MCCQE Part 1 minimum pass level and scoring
procedures have been recently implemented. A more
recent Canadian study by Roy et al. demonstrated a
low degree of correlation between the MCCQE Part 1
and both MCAT and GPA, however, MCAT sub-scores
were not assessed.’* Our study examines more
current data, and provides evidence that is relevant
to contemporary medical school admissions
processes. Moreover, The Future of Medical
Education in Canada (FMEC): A Collective Vision for
MD Education, in 2010, described priority areas for
Canadian medical schools to consider, including
addressing community needs, medical leadership,
and obligations to Indigenous people. This mandate
and call to action has resulted in admissions
processes frequently placing increased emphasis on

traits and attributes, frequently non-academic, felt to
be associated with success in these domains.
Continuing to balance these non-academic selections
criteria with factors that predict the ability to
successfully complete licensing requirements and
enter practice must not be forgotten in this complex
climate.

Ultimately, medical students must successfully
complete all licensing examinations prior to
commencing clinical practice. Therefore, selecting
applicants with the highest probability of meeting this
objective, in conjunction with desirable non-
academic attributes, should retain priority in the
admissions selection process. The findings of this
study suggest that it may be valuable to reconsider
the importance of the science-oriented sections of
the MCAT in student selection or implement a MCAT-
BS cutoff score that applicants must meet for their file
to be reviewed to increase the likelihood of passing
the LMCC Part 1.

However, there are several factors that are important
to consider before implementing these policy
changes. Implementing MCAT cut-offs may
disadvantage groups that tend to have lower scores
such as applicants of low socio-economic status or
with particular ethnic backgrounds.®*®> The MCAT may
even have varying degrees of predictive validity
across ethnic groups.>!° As a result, incorporating an
MCAT-BS cut-off into the admissions process may
disadvantage certain groups of applicants and
impede the school’s response to their own social
accountability mandate. Additionally, non-academic
skills that are highly desirable in physicians, including
but not limited to communication, leadership and
professionalism are not readily captured through
standardized testing. Selecting students who will be
able to move into clinical practice and represent
society can be maximally optimized by using
established predictive criteria while demonstrating
the desirable non-academic skills. Admissions
committees should ensure adequate education and
training for individuals participating in file reviews
and selections that reflect MCAT performance. If and
how the MCAT is incorporated into the selections
process in the Canadian context will likely continue to
reflect the unique mission of each medical school.

Undergraduate GPA was not predictive of MCCQE
Part 1 performance. It is conceivable that
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undergraduate GPA in programs of study relevant to
medical school curricula (e.g. biology, biochemistry,
etc.) may predict MCCQE performance. As well, the
meaning of grades assigned from different
institutions can vary considerably. Jones et al. (1983)
convincingly demonstrated that similar grades from
different undergraduate institutions can imply widely
different levels of achievement.® In our study, the
MMI was not predictive of MCCQE Part 1
performance. The MMI is an assessment of both
academic and non-academic attributes, including
communication, empathy, collaboration, etc. which
are seldom measured in a MCQ oriented examination
such as the MCCQE Part 1.

It is unclear whether the same relationship exists
between the MCAT-BS and performance in the
MCCQE Part 1l, which consists of an objective
structured clinical examination, and equally
important to completing licensing certification.
Future exploration of this relationship would be of
interest.

A second limitation of our study relates to the version
of MCAT we used to generate these results. In 2015,
the Association of American Medical Colleges
launched a new version of the MCAT. Although
described as a “new exam,” the MCAT 2015
nonetheless involves significant overlap with the old
MCAT in terms of question content. While the new
exam consists of four sections rather than three, only
the “Psychological, Social, and Biological Foundations
of Behavior” tests material had not been previously
tested. The other three sections, although renamed,
cover similar material to the previous version. Most
relevant to this study is that the largest degree of
overlap occurs in the basic sciences (represented in
the old Biological Sciences and Physical Sciences
sections, where approximately 75% of questions
related to biology, general chemistry, organic
chemistry, and physics on the MCAT 2015
examination tests concepts that also appeared on the
MCAT 1991 exam).!” Therefore, it is reasonable to
think that the new MCAT 2015 sub-section will
continue to be similarly predictive of licensing
examination outcomes. There is no question,
however, that application of our findings to
admissions decisions in the MCAT 2015 era involves
extrapolation from one test to another, and it will be
important to confirm these findings using the MCAT
2015 itself. The CSM Admissions group were early

adopters of the MCAT 2015, which will allow early
evaluation of the predictive potential of the MCAT
2015 on the MCCQE Part 1 Exam in the near future.

Conclusions

We have shown that the MCAT-BS predicts successful
performance on the MCCQE Part 1, whereas the
MCAT-PS, MCAT-VR, total MCAT score and
undergraduate GPA were not predictive. Medical
schools have a responsibility to balance the needs of
the community with the academic mission of the
faculty of medicine. Selecting applicants who will be
successful in fulfilling this mission is imperative and
multiple tools are necessary to achieve this goal.
Positioning the MCAT and the respective sub-sections
as an enabling factor to realizing this goal is likely to
provide added value to the selections process.

Conflicts of interest: There are no conflicts of interest
for any of the authors.

Funding: None.

References

1. (AFMC) The Association of Faculties of Medicine of
Canada, editor. The Future of Medical Education in
Canada (FMEC): A Collective Vision for MD Education.
Ottawa, ON: 2010.

2. Benbassat J, Baumal R. Uncertainties in the selection
of applicants for medical school. Advances in health
sciences  education:  theory  and  practice.
2007;12(4):509-21.

3. Eskander A, Shandling M, Hanson MD. Should the
MCAT exam be used for medical school admissions in
Canada? Academic medicine: journal of the Association
of American Medical Colleges. 2013;88(5):572-80.

4. Donnon T, Paolucci EO, Violato C. The predictive
validity of the MCAT for medical school performance
and medical board licensing examinations: a meta-
analysis of the published research. Academic medicine:
journal of the Association of American Medical
Colleges. 2007;82(1):100-6.

5. Casey PM, Palmer BA, Thompson GB, Laack TA,
Thomas MR, Hartz MF. Predictors of medical school
clerkship performance: a multispecialty longitudinal
analysis of standardized examination scores and
clinical assessments. BMC medical education.
2016;16:128.

el8



Canadian Medical Education Journal 2019, 10(1)

10.

11.

Gauer JL, Wolff JM, Jackson JB. Do MCAT scores predict
USMLE scores? An analysis on 5 years of medical
Medical online.

student data. education

2016;21(1):31795.

Saguil A, Dong T, Gingerich RJ, Swygert K, LaRochelle
JS, Artino AR, Jr.. Does the MCAT predict medical
school and PGY-1 performance? Military medicine.
2015;180(4 Suppl):4-11.

Durning SJ DT, Hemmer PA, Gilliland WR, Cruess DF,
Boulet JR, Pangaro LN. Are commonly used premedical
school or medical school measures associated with
board certification? Military medicine. 2015;180(4
Suppl):18-23.

Kasuya RT, Naguwa GS, Guerrero AP, Hishinuma ES,
Lindberg MA, Judd NK. USMLE performances in a
predominantly Asian and Pacific Islander population of

medical students in a problem-based learning
curriculum. Academic medicine : journal of the
Association  of American  Medical  Colleges.

2003;78(5):483-90.

Koenig JA, Sireci SG, Wiley A. Evaluating the predictive
validity of MCAT scores across diverse applicant
groups. Academic medicine : journal of the Association
of American Medical Colleges. 1998;73(10):1095-106.

Winegarden B, Glaser D, Schwartz A. MCAT Verbal
Reasoning score: less predictive of medical school
performance for English language learners. Medical
education. 2012;46(9):878-86.

12.

13.

14.

15.

16.

17.

Violato C DT. Does the medical college admission test
predict clinical reasoning skills? A longitudinal study
employing the Medical Council of Canada clinical
reasoning examination. Academic medicine : journal of
the Association of American Medical Colleges.
2005;80(10 Suppl):S14-6.

Kulatunga-Moruzi C, Norman GR. Validity of
admissions measures in predicting performance
outcomes: the contribution of cognitive and non-
cognitive dimensions. Teaching and learning in

medicine. 2002;14(1):34-42.

Roy B, Ripstein |, Perry K et al. Predictive value of grade
point average (GPA), Medical College Admission Test
(MCAT), internal examinations (Block) and National
Board of Medical Examiners (NBME) scores on Medical
Council of Canada qualifying examination part 1
(MCCQE-1) scores. Can Med Educ J. 2016;7(1):e47-56.

Davis D, Dorsey JK, Franks RD, Sackett PR, Searcy CA,
Zhao X. Do Racial and Ethnic Group Differences in
Performance on the MCAT Exam Reflect Test Bias?
Academic Medicine. 2013;88(5):593-602.

Jones RF and Adams LN. The relationship between
MCAT science scores and undergraduate science GPA.
J Med Educ. 1983;58(11):908-11.

Kroopnick M. AM last page. The MCAT exam:
comparing the 1991 and 2015 exams. Acad Med.
2013;88(5):737. doi:
10.1097/ACM.0b013e31828abf7f.

el9



