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OBJECTIVE The Multiple Mini-Interview (MMI) has
previously been shown to have a positive correlation
with early medical school performance. Data have
matured to allow comparison with clerkship evalua-
tions and national licensing examinations.

METHODS Of 117 applicants to the Michael G
DeGroote School of Medicine at McMaster University
who had scores on the MMI, traditional non-cognitive
measures, and undergraduate grade point average
(uGPA), 45 were admitted and followed through
clerkship evaluations and Part I of the Medical Council
of Canada Qualifying Examination (MCCQE).
Clerkship evaluations consisted of clerkship summary
ratings, a clerkship objective structured clinical exam-
ination (OSCE), and progress test score (a 180-item,
multiple-choice test). The MCCQE includes subsec-
tions relevant to medical specialties and relevant to
broaderlegalandethical issues(PopulationHealthand
the Considerations of the Legal, Ethical and Organi-
sational Aspects of Medicine [CLEO ⁄ PHELO]).

RESULTS In-programme, MMI was the best predictor
of OSCE performance, clerkship encounter cards, and
clerkship performance ratings. On the MCCQE Part I,
MMI significantly predicted CLEO ⁄ PHELO scores and
clinical decision-making (CDM) scores. None of these
assessments were predicted by other non-cognitive
admissions measures or uGPA. Only uGPA predicted
progress test scores and the MCQ-based specialty-
specific subsections of the MCCQE Part I.

DISCUSSION The MMI complements pre-admission
cognitive measures to predict performance outcomes
during clerkship and on the Canadian national
licensing examination.
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INTRODUCTION

Pre-admission measures for medical school are
grouped roughly into those that predominantly
represent cognitive and those that predominantly
represent professional (i.e. non-cognitive) domains.
Within the former, undergraduate grade point aver-
age (uGPA) and aptitude tests like the Medical
College Admissions Test (MCAT) have repeatedly
demonstrated reliability and predictive validity.1,2

Observed validity coefficients for uGPA with in-school
and licensure measures have been in the order of
0.26–0.40; those for MCAT in the order of 0.32–0.61.2

The same cannot be said regarding measures of
professional domains, such as personal interviews,
autobiographical assessments, reference letters3,4 or
group interviews ⁄ simulated tutorials,5 for which pre-
dictive validity correlations rarely rise above 0.10.
Context specificity is a significant limitation, restrict-
ing the reliability, and hence usefulness, of historical
measures of non-cognitive tendencies as they rely on
a single occasion of measurement. These concerns
led to the development of the Multiple Mini-Inter-
view (MMI) at McMaster University in 2001.

The MMI logistically resembles an admissions objec-
tive structured clinical examination (OSCE) with
multiple short-interview stations. Unlike an OSCE,
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however, the MMI focuses exclusively on non-cogni-
tive domains such as moral reasoning, communica-
tion skills and the ability to collaborate. The stations
are much more open-ended than those in an OSCE;
interviewer–applicant interaction is supported by
station-related background and theory provided to
the interviewer. By design, none of the stations
anticipate prior health care knowledge on the part of
the applicant. By obtaining multiple biopsies of non-
cognitive abilities, the MMI has demonstrated much
higher reliability than standard interview methods,
with a published overall test generalisability of 0.65,6

and with results on dozens of subsequent MMI
administrations carried out at multiple schools since
then averaging around 0.75. However, reliability
alone is insufficient to demonstrate the usefulness of
the MMI. Demonstration of predictive validity by
uGPA and MCAT has been the hallmark of their
usefulness; the same expectation should be set for all
admissions instruments.

The MMI has already demonstrated some evidence of
validity. In 2004, Eva et al. reported that the MMI

correlated better with pre-clerkship OSCEs than any
other admissions instrument used at McMaster.7

Grade point average was most predictive of progress
test (periodic multiple-choice test) performance.
In-school predictive criterion measures are useful,
but they represent relatively short-term outcomes and
may therefore be less important than longer-term
measures that are more closely related with post-
training clinical performance. Such measures include
clinical performance during clerkship8 and perform-
ance on national licensing examinations.5 To date,
various measures of non-cognitive qualities have been
shown to be non-predictive of the latter performance
measures.5

Since the spring of 2005, a cohort of 45 medical school
applicants who were admitted to medical school and
took part in the first large-scale MMI have graduated
from McMaster University and have written the first
part of the Medical Council of Canada’s Qualifying
Examination (the MCCQE Part I). The examination
consists of a multiple-choice question (MCQ) com-
ponent taken in the morning and a patient-based,
short-answer clinical decision-making (CDM) �Key
Features� component9,10 taken in the afternoon. Both
morning and afternoon components are computer-
based and cover basic medical knowledge in the
following areas: medicine; surgery; obstetrics and
gynaecology; psychiatry; paediatrics, and a sixth area
entitled Population Health and the Considerations of
the Legal, Ethical and Organisational Aspects of
Medicine (CLEO ⁄ PHELO). Because the number of
population health items is small relative to the CLEO
items, MCCQE Part I scores are reported as separate
scores, as CLEO and PHELO (Population Health +
CLEO). In effect, CLEO is a subscore of PHELO; both
emphasise non-cognitive domains to a greater extent
than the 5 other MCCQE Part I scores (A-P Boulais,
Manager MCCQE Part I, Medical Council of Canada;
personal communication 2006).

This study extends the findings of Eva et al. (2004)6,7

by comparing performance on the various admissions
measures used by McMaster University’s medical
school with in-programme performance during
clerkship and on the MCCQE Part I post-graduation.
The following questions were asked:

1 Does the MMI predict clinical clerkship perform-
ance?

2 Does the MMI predict national licensing exam-
ination performance?

3 How does the predictive validity of the MMI
compare with that of more traditional admission
measures of professional qualities?

Overview

What is already known on this subject

The Multiple Mini-Interview (MMI) is a feas-
ible, acceptable and reliable admissions pro-
tocol that is predictive of pre-clerkship OSCE
performance.

What this study adds

This study provides further support for the
MMI as a measure of non-cognitive
(i.e. personal) qualities in medical school
applicants. Relative to other admissions tools,
the MMI was the best predictor of intramural
clinical performance ratings and ethical ⁄ clin-
ical decision-making scores on the Canadian
national licensing examination.

Suggestions for further research

The relationship between MMI scores and
scores on the OSCE-based component of the
Canadian licensing examination has yet to be
considered, as does the adequacy of the MMI
for making postgraduate admissions decisions.
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4 How does the predictive validity of the MMI
compare with that of the uGPA?

METHODS

Participants

A total of 117 candidates on the undergraduate MD
programme (30% of all interviewees) participated in
the MMI in spring 2002. Of these, 45 were subse-
quently enrolled, making up 33% of the class of 2005;
43 students sat the MCCQE Part I in April 2005 and 2
in April 2006 (because they did not complete the 3-
year undergraduate programme until then). All but 1
agreed to release their MCCQE Part I results. As the
scores on the MCCQE I are transformed to have a
constant mean and standard deviation each year, all
participants were lumped into a single analysis.
Excluding the 2 students who did not sit in 2005 from
the analyses did not alter the conclusions. Consent to
participate in the study was obtained from all subjects
at the time of MMI administration.

Admissions tools

A total of 3027 candidates submitted an application
package to the Ontario Medical School Application
Service in October 2001 in an attempt to gain entry
into McMaster University’s class of 2005. Applicants
were screened for invitation to interview using an equal
weighting of GPA and scores assigned to an autobio-
graphical submission (ABS). The top 384 candidates
were invited to interview in March ⁄ April 2002.

In addition, each of the 384 interviewed candidates
was invited to participate in an MMI. The invitation
made it clear that volunteering, or declining to
volunteer, for the MMI would in no way influence
chances of admission. The first 120 volunteers were
scheduled for 3 sequential MMI sessions, scheduled
daily for all weekend interview dates, with all MMI
sessions commencing only after completion of the
standard interview processes. Three of the 120 volun-
teers withdrew due to illness on the dates of interview.
The remaining 117 candidates completed a 10-station
MMI. Each station lasted 8 minutes and was rated by a
single examiner. Examiners were asked: �Please rate
the applicant�s overall performance on this station’,
using a 7-point scale where 1 ¼ unsatisfactory,
3 ¼ borderline, 5 ¼ satisfactory and 7 ¼ outstanding.6

The same rating scale was used for the standard
admission processes, which, like the MMI, were all

designed to assess candidates’ non-cognitive (profes-
sional) tendencies (e.g. communication skills and
moral reasoning). These standard processes included
an ABS, a traditional interview, and a simulated
tutorial. The ABS comprised a series of 15 short-
answer format questions, to be completed remotely
by all applicants in a non-invigilated setting. Each
submitted ABS was rated independently by 3 trained
raters, representing members of faculty, the medical
student body and the community. Inter-rater reliab-
ility has varied from year to year for the ABS, with 1
set of results published as 0.45.5 The traditional
interview and simulated tutorial were conducted on
the interview date. The traditional interview involved
the use of standard questions over a 45-minute
period, asked by 3 interviewers representing faculty,
students and community. Although the interview was
conducted by all 3 interviewers at the same time, the
interviewers scored the applicant independently, with
a published inter-rater reliability of 0.66.5 Three
independent raters representing faculty, students
and community also observed groups of 6 applicants
discussing 2 ethical issues as part of the simulated
tutorial, with each of the 3 independent raters
providing 2 separate ratings for each of the 2
challenges. Inter-rater reliability has been published
as 0.61,5 but an earlier study found test-retest reliab-
ility of the simulated tutorial to vary between 0.09 and
0.18, depending on the phrasing of the rating scale
question.11

In-programme evaluation tools

All students in the undergraduate MD programme
write a personal progress inventory (PPI) 8 times
during their 3 years in the programme. The PPI is a
180-item MCQ examination that is intended to pro-
vide a broad-based measure of medical knowledge12

and has a test-retest reliability in the 0.6–0.8 range.13

Objective structured clinical examinations are also
used by the MD programme to assess clinical skills,
including non-cognitive competencies of communi-
cation skills and problem-solving ability. Students
complete a 10-station OSCE during each year of the
programme, each of which has an interstation reliab-
ility typically in the 0.5 range (unpublished data).

For a 12-month period corresponding to the calendar
year 2004, students in the class of 2005 completed their
studies in 6 core clerkship rotations (family medicine,
internal medicine, obstetrics and gynaecology, paedi-
atrics, psychiatry, and surgery). Encounter cards are
used in each rotation to collect information regarding
students’ clinical skills and professional behaviour; the
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reliability of this tool is > 0.8.14 In addition, clerkship
directors complete an end-of-rotation assessment for
each student. The end-of-rotation assessment is a
qualitative summary of performance with quantitative
ratings (using 10-point scales) on each of the following
dimensions: fund of knowledge; knowledge integra-
tion; history taking; clinical examination; clinical
management; learning skills; communication skills;
respect; responsibility, and self-awareness. For the
purpose of this study, averaging across each of the 10
ratings and each of 4 clerkships created a clerkship
�score�. (Ratings were unavailable for the first 2
clerkship rotations completed by these students
because the scoring system changed from an entirely
qualitative system to that described above in May of
2004.)

In addition, students can receive unsatisfactory or
provisional satisfactory ratings that result in remedi-
ation for professional behaviour issues from any
clerkship rotation director or pre-clerkship tutor.

MCCQE Part I

The MCCQE Part I was described in the introduction
to this paper. The Medical Council of Canada reports
separate scores for medicine, surgery, obstetrics and
gynaecology, psychiatry, paediatrics, CLEO and
PHELO, as well as the composite scores for the MCQ
component taken in the morning and the Key
Features clinical decision-making component in the
afternoon. For the purpose of our analyses, we have
kept each subscore separate in order to test whether
or not different admissions measures were differen-
tially predictive of different aspects of licensing
examination performance.

Analysis

We examined the correlation between admissions
measures, in-course measures, and the MCCQE Part I

using Pearson’s correlation coefficients. Regression
analyses were then performed to determine which
admissions tools were statistically predictive of each
outcome when scores on the other admissions tools
were taken into account (i.e. to determine the
independent predictability of each admissions tool).

RESULTS

As indicated by Eva et al., all the evaluation data
collected for the sample of students included in this
study indicate that this cohort was representative of
the MD programme’s class of 2005.7 Table 1 illus-
trates the correlation between each admissions tool
and various intramural assessment exercises. Inclu-
sion of all 5 admissions tools in a series of regression
analyses confirmed that:

1 only the MMI was statistically predictive of OSCE
performance (standardised b¼ 0.4, P < 0.05);

2 GPA and the simulated tutorial were both pre-
dictive of PPI performance (standardised b¼ 0.3,
P < 0.06), although the relation between the
simulated tutorial and PPI was negative, indicat-
ing that those who performed worse on the
simulated tutorial performed better on the PPI,
and

3 only the MMI was statistically predictive of clerk-
ship performance, measured with both the aver-
age ratings assigned by clerkship directors
(standardised b¼ 0.7, P < 0.001) and encounter
card ratings provided by clinical preceptors
(standardised b¼ 0.5, P < 0.01).

Table 2 illustrates the correlation between each
admissions tool and performance on the subscales of
the MCCQE Part I. All 5 admissions tools were
submitted to a series of regression analyses to
determine which were independently predictive of
Part I results. These analyses revealed that:

Table 1 Correlations between admissions tools and in-programme assessment exercises

Objective

structured

clinical

examination

Personal

progress

inventory

Clerkship

director

ratings

Clerkship

encounter

cards

Autobiographical submission 0.02 ) 0.14 ) 0.03 0.26
Grade point average 0.08 0.33� ) 0.06 ) 0.24
Multiple Mini-Interview 0.28* 0.04 0.57� 0.51�
Personal interview 0.15 ) 0.07 0.06 0.12
Simulated tutorial ) 0.17 ) 0.28* 0.04 0.11

* P < 0.10; � P < 0.05; � P < 0.01
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1 only the MMI was statistically predictive of CLEO
or PHELO performance (standardised b> 0.4,
P < 0.01);

2 only uGPA was statistically predictive of MCQ
performance (standardised b¼ 0.38, P < 0.05);

3 only the MMI was predictive of CDM performance
(standardised b¼ 0.35, P < 0.05), and

4 the MMI and uGPA were equally predictive of
overall test performance (standardised b> 0.3,
P < 0.06).

Undergraduate uGPA was correlated with medicine,
paediatrics, and psychiatry subscores, but none of our
admissions tools were predictive of obstetrics and
gynaecology or surgery subscores.

One of the 45 students in this sample received an
unsatisfactory mark for professional behaviour
during a pre-clerkship unit, as reported by Eva et al.7

Since then, a second student received a similar
unsatisfactory mark during a clerkship rotation. As
these are the extreme cases of most concern for
medical admissions personnel, it is worth considering
how each student was rank ordered by the various
admissions tools, although conclusive judgements
should not be drawn from ratings of only 2 individ-
uals. Of the 45 students included in the sample, the
MMI ranked these 2 students lowest (in the 15th and
11th percentiles, respectively) relative to the other 4
admissions tools. The percentiles in which these
students fell according to the simulated tutorial were
the 76th and 93rd; according to GPA these students
were in the 76th and 80th percentiles; according to
the personal interview they fell in the 48th and 27th
percentiles; and, finally, the autobiographical sub-
mission ranked these students in the 17th and 64th
percentiles. In other words, the MMI was most
consistently likely to have excluded these 2 students
when admissions decisions were made.

DISCUSSION

The predictive validity of cognitive measures is well
established. Undergraduate academic achievement as
measured by uGPA and aptitude test scores like MCAT
predict for performance at pre-clerkship and clerkship
levels of medical school, as well as on national licensing
examinations.2 A literature review concluded that
most studies identify a positive relationship between
US Medical Licensing Examination (USMLE) scores
during medical school and subsequent ratings of
residents’ clinical performances and ⁄ or scores on
specialty board certification examinations.15 Certifi-
cation examination results predict post-training med-
ical practice as measured by several end-points:
appropriate use of radiological investigations;16,17

acceptable patterns of drug prescription;16,17 mortality
rates following cardiac events,18 and peer review.19

Demonstrating predictive validity in the non-cogni-
tive, professional quality domain has been more
difficult. Relatively few measures of non-cognitive
professional qualities collected during medical
school or residency meet the necessary criterion of
reliability.20 Over the last decade, however, access to
richer descriptions of professional qualities, in keep-
ing with the recommendations of Ginsburg
et al.,21 has become available. Increasingly, positive
correlations are being drawn across the time periods
of pre-admission to medical school, during medical
school, at national licensure examinations, during
residency training and during post-training practice.
Empathy scores in medical school correlate with
ratings of empathic behaviour in residency training
3 years later.22 In an elegant study, records of
investigations of disciplinary action against practising
doctors23 were found to be predictable on the basis of
narrative assessments by raters provided during
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Table 2 Correlations between admissions tools and performance on Part I of the Medical Council of Canada’s Qualifying Examination (MCCQE)

CLEO Medicine Obs ⁄ Gyn Paediatrics PHELO Psychiatry Surgery MCQ CDM Total score

Autobiographical submission ) 0.08 ) 0.11 ) 0.02 ) 0.05 0.00 0.02 0.06 ) 0.05 ) 0.11 0.00
Grade point average 0.04 0.30� 0.15 0.35� 0.05 0.24* ) 0.01 0.30� 0.25* 0.26*
Multiple Mini-Interview 0.39� ) 0.04 0.02 0.03 0.37� 0.08 0.06 0.10 0.18 0.17
Personal interview ) 0.11 0.23 0.20 ) 0.05 ) 0.27* ) 0.05 ) 0.02 0.07 0.08 ) 0.04
Simulated tutorial 0.05 ) 0.2* ) 0.18 ) 0.20 0.16 ) 0.03 ) 0.11 ) 0.19 ) 0.25* ) 0.28*

CLEO ¼ Considerations of the Legal, Ethical and Organisational Aspects of Medicine
Obs ⁄ Gyn ¼ obstetrics and gynaecology
PHELO ¼ Population Health and Ethical, Legal and Organisational Aspects of Medicine
MCQ ¼ multiple-choice question component of MCCQE Part I
CDM ¼ clinical decision-making component of MCCQE Part I
* P < 0.10; � P < 0.05; � P < 0.01
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medical school. Based upon the results of this study,
the MMI can be added to that chain of evidence, as it
predicts clerkship performance scores and success on
professional domains of national licensing examina-
tions. Although there are fewer correlations than
there are relating to cognitive measures, the emer-
ging picture is nevertheless increasingly compelling.

Some limitations of this study need to be acknow-
ledged. The sample size of the study was limited.
However, one would expect that this would make the
study more susceptible to type II, rather than type I,
error. The predictive validity correlations of the MMI
with in-school and licensure scores were moderately
strong at 0.28–0.57, comparable with published
results for cognitive measures of GPA (0.26–0.40) and
MCAT (0.32–0.61).2 Had the MMI results failed to
demonstrate statistical significance, the limited
sample size could have been cited as causative;
demonstrating statistical significance despite the
limited sample size is all the more impressive.
Further, in an ideal world, a medical school would
conduct a study in which all interviewed applicants
went through traditional procedures, as well as MMIs,
providing improved power of a full-class cohort, as
well as comparisons with historical admissions evalu-
ations. The resource implications of this approach
are sufficiently daunting as to raise the possibility that
such a study might never be completed.

As a further potential limitation, the selection process
did not use the MMI; however, as indicated by Eva et al.,
the coefficient of variation did suggest that the MMI
and other admissions measures suffered equally from
restriction of range.7 The MMI is now a central
component of the admissions process at McMaster
and, after 2 years, we have yet to witness a downwards
drift of MMI reliability, thereby further lessening
concern about this limitation, but we will continue to
monitor the MMI’s predictive validity.

Further maturation of this study cohort’s data will
allow assessment of the correlation between MMI
scores and MCCQE Part II, the OSCE-based compo-
nent of the Canadian national licensing examination
that is typically completed 16 months into residency.24

Further, recent implementation of the MMI at other
medical schools that, unlike McMaster, use the MCAT,
will allow comparisons heretofore limited to uGPA.

CONCLUSIONS

In follow-up of the first large MMI study, the data
have matured only recently to the point of enabling

assessment of the correlations with MCCQE Part I,
and, in particular, the CLEO and PHELO subsec-
tions. Additionally, the first study cohort of MMI-
experienced medical students has completed all
intramural evaluations at the Michael G DeGroote
School of Medicine at McMaster University, including
professional quality measures of OSCE, and clerkship
evaluations. These data therefore provide answers to
the research questions asked here.

1 Does the MMI predict for clinical clerkship
performance? Yes. Statistically significant and
moderately large positive correlations were found.

2 Does the MMI predict for national licensing
examination performance? Yes. Statistically signi-
ficant positive correlations were found, but only
for those subsections assessing professional
quality domains.

3 How does the predictive validity of the MMI
compare with that of more traditional admission
measures of professional qualities? Favourably.
More traditional admissions measures of profes-
sional qualities, including panel-style personal
interviews, simulated tutorials, and autobio-
graphical submissions were found not to provide
any predictive validity for subsequent scores dur-
ing clinical clerkship or on Part I of the Canadian
national licensing examination.

4 How does the predictive validity of the MMI
compare with that of uGPA? Comparably. The
correlation of uGPA with core clerkship subscores
on the national licensing examination and the
correlation of MMI scores with professional
quality domain scores on the same examination
were of similar magnitude. Undergraduate GPA
was better for predicting progress testing in
medical school, but the MMI was better for
predicting both OSCE and clerkship ratings,
suggesting that uGPA and MMI function best in
complementary roles to each other.
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