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Abstract

Background: Multiple mini-interviews (MMI) are used to assess non-academic attributes for selection in medicine
and other healthcare professions. It remains unclear if different MM station formats (discussions, role-plays, collabora-
tion) assess different dimensions.

Methods: Based on station formats of the 2018 and 2019 Integrated French MMI (IFMMI), which comprised five
discussions, three role-plays and two collaboration stations, the authors performed confirmatory factor analysis (CFA)
using the lavaan 0.6-5 R package and compared a one-factor solution to a three-factor solution for scores of the 2018
(n=1438) and 2019 (n=1440) cohorts of the IFMMI across three medical schools in Quebec, Canada.

Results: The three-factor solution was retained, with discussions, role-plays and collaboration stations all loading
adequately with their scores. Furthermore, all three factors had moderate-to-high covariance (range 0.44 to 0.64). The
model fit was also excellent with a Comparative fit index (CFI) of 0.983 (good if >0.9), a Tucker Lewis index of 0.976
(good if >0.95), a Standardized Root Mean Square Residual of 0.021 (good if < .08) and a Root Mean Square Error of
0.023 (good if <0.08) for 2018 and similar results for 2019. In comparison, the single factor solution presented a lower
fit (CFI=0.819, TLI=0.767, SRMR = 0.049 and RMSEA = 0.070).

Conclusions: The IFMMI assessed three dimensions that were related to stations formats, a finding that was consist-
ent across two cohorts. This suggests that different station formats may be assessing different skills, and has implica-
tions for the choice of appropriate reliability metrics and the interpretation of scores. Further studies should try to
characterize the underlying constructs associated with each station format and look for differential predictive validity
according to these formats.
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Background
Multiple mini-interviews (MMI) are increasingly used
worldwide as tools to assess non-academic attributes

*Correspondence: jean-michelleduc@umontreal.ca for selection in the healthcare professions [1]. They were
! Centre de recherche du Centre intégré universitaire de santé et de services first implemented at McMaster for medical school selec-
sociaux du Nord-de-ITle-de-Montréal, Hépital du Sacré-Cceur de Montréal, tion in 2002 [2] and were designed to reduce the con-
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They generally consist of a series of short structured or
semi-structured interviews or role-plays with actors [3]
and, depending on their implementation parameters,
may show conceptual overlap with Assessment Cent-
ers (AC), which also have multiple components aimed
to assess specific behaviors [4]. Since MMIs are usually
a very high-stake assessment tool, evidence for their
validity is of the utmost importance. According to Kane
[5], validity should be conceived as a validation process,
rather than a concept to be broken down into many
forms (e.g. face validity, construct validity, predictive
validity, etc.). The goal is to provide evidence related to
1) how the instrument was developed (content and scor-
ing), 2) the accuracy or stability of the scores obtained
(reliability and generalizability), 3) the constructs that
are assessed and possible sources of unwanted variance
(extrapolation) and 4) the credibility and implications of
the decisions that flow from the process [6, 7]. A recent
review suggested that more data was needed regarding
the construct validity evidence of MMI [4], which con-
sists mostly of extrapolation validity evidence in Kane’s
framework.

What exactly is assessed by MMIs remain elusive and
likely vary depending on the implementation parameters
and actual content [8]. In some instances, authors have
suggested it could be “problem evaluation” [9] or more
recently “adaptability” or “ability to identify criteria” [10].
A fairly consistent finding is that MMI scores are uncor-
related or inversely correlated to GPA or other measures
of previous academic performance [11-13]. Positive
associations were found between MMI scores and OSCE
scores in medical school [12, 14-16], clerkship rotation
evaluations [16-18], and in some contexts with exam
scores [15]. Two multicenter studies have found corre-
lations between MMI that were developed and imple-
mented by institutions independently [10, 19], suggesting
some overlap between the constructs assessed in various
settings. Moreover, a recent systematic review of per-
sonal domains assessed in MMI demonstrated that a few
personal characteristics, such as communication skills
and collaboration, were included in the design of most
MMISs described in the literature [20].

In various settings, authors have tried to study the
dimensionality of MMIs, i.e. the number of latent varia-
bles or constructs that are measured, with mixed results.
For example, exploratory factor analysis (EFA) studies
by Lemay et al. [21] and by Cox et al. [22] identified that
each of their MMI station formed a factor and was likely
to assess a different dimension. An EFA study in vet-
erinary medicine on a 5-station MMI (semi-structured
interviews with behavioural questions) ended up with a
3-factor solution (i.e. three dimensions) labelled “moral
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and ethical values’, “interpersonal ability” and “academic
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ability’, which also combined applicant’s age and GPA.
More recently, an Australian study suggested that MMI
in different Australian institutions were unidimensional
[10].

MMIs for selection in medicine use a vast array of sta-
tion formats and, arguably, applicants will need to rely on
a different set of skills to perform in these various types
of stations. In the AC literature, even with distinct com-
ponents, most of the performance difference observed
will vary according to the simulation exercise rather than
any underlying pre-specified construct [23]. From a theo-
retical perspective, station formats can be considered one
of the “building blocks” of an MMI modular design pro-
cess that will likely provide different levels of contextu-
alization and stimulus presentation consistency [24]. For
example, scripted role-plays will usually provide a very
high and detailed contextualization that could mirror
social interaction in “real-life”, just like simulated patients
[25], whereas discussion stations, often less contextual-
ized and more “open-ended’, are likely to require more
reflection and argumentation skills. Therefore, explor-
ing how different station formats (e.g. discussion, role-
plays, etc.) contribute to scoring is highly relevant since
it is a design choice over which admission committees
have full control. Indeed, if all MMI stations seem to be
assessing the same dimension, then the stations within a
given MMI are most likely interchangeable and could be
chosen according to other factors such as ease of imple-
mentation or cost. For example, in our experience, role-
plays are usually more complex and time-consuming to
plan and may add some inconsistencies related to the
actor’s performance. On the other hand, if station for-
mats are assessing different dimensions, it then becomes
important to assess if they all bring relevant information
to the process and explore the use of subscores to inform
admission decisions. Furthermore, reliability issues can
emerge, since some dimensions will be assessed by fewer
items. In a recent retrospective analysis looking at the
psychometric properties of role-play and interview sta-
tions in the Integrated French Multiple Mini-Interviews
(IFMMI), Renaud et al. showed that factor models con-
sidering these two station formats as two dimensions
could best explain the structure of the test [17]. This
analysis, however, did not include more recent iterations
of the IFMMI where a third type of station was added
(collaboration).

Therefore, the goal of this study was to see if, in our
context, stations with three different formats could possi-
bly assess different underlying dimensions. The IFMMI is
a collaborative effort between the three French-speaking
medical schools in Quebec (Canada). Each year, approxi-
mately 1600 applicants are assessed over a weekend in
four interview centers located in Montreal, Quebec City,
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Sherbrooke and Moncton. The interview score is then
shared between the three medical schools, so that can-
didates applying to more than one institution need to do
the interviews only once. Each institution then uses the
global interview score according to their own selection
criteria. Overall, in 2018 and 2019, the weight given to
the IFMMI was about 50% of the final score before rank-
ing for admission offers, the other 50% being given to
the R score (academic performance score) [26]. In recent
years, the IFMMI relied on a mix of discussion stations,
role-plays and collaborative stations. It has already been
found to show reliable scores [17, 27] and some predic-
tive validity with clerkship rotation performance [17, 18].
Thus, the present study is part of a validation process
which aims to appraise the dimensions that are evaluated
by the IFMMI on the basis of their station format. Draw-
ing on recent work done on two types of stations [17], we
postulated that each station format would assess a differ-
ent dimensions and that, therefore, a three-dimensional
structure would provide a better fit for our MMI results
than a unidimensional structure.

Methods

In 2018 and 2019, the IFMMI consisted of a 10-station
circuit, each of 7-minute duration, including five sta-
tions with semi-structured discussions with an assessor,
three role-play stations with actors, and two collabora-
tive stations where candidates were asked to complete a
task while working in teams of two. Examples of design
and layouts are provided in Table 1. Although station
content was different between the 2 years, the station
formats remained the same. Grading in each station was
made using a single 6-point Likert-scale (A to F) referring
to a station-specific scoring grid with general anchors
(A-Excellent, B-Very Good, C-Good, D-Borderline,
E-Obvious gaps, F-Insufficient) and then converted to a
numerical value between 0 and 100 using a previously-
validated asymmetric scale (A=100, B=86.7, C=69.5,
D=51.2, E=29.3, F=0) [28]. Stations 2 & 3 (collabo-
rative stations) had the same scoring grid. Before being
computed into a final score, individual station scores

Table 1 Examples of designs according to station formats
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were also normalized by rater and by station, to account
for rater stringency and station difficulty. This study
received IRB approval from the Comité d’éthique sur la
recherche en santé at Université de Montréal (Certifi-
cate 17-038-CPER-D). All methods were carried out in
accordance with relevant guidelines and regulations.

Based on station formats (discussion, role-play and col-
laboration), we performed a three-factor confirmatory
factor analysis (CFA) using R 4.0.3 (R Core Team, 2020)
and the Lavaan package (v0.6-5, Rosseel, 2012). We then
compared it to a single-factor model to see if a model
built according to station formats would provide a better
fit. We report the standardized factor loadings and model
covariances in addition to four fit indexes: Comparative
Fit Index (CFI) where a good fit occurs when CFI> .90,
Tucker Lewis index (TLI) where a good fit is TLI> .95,
Standardized Root Mean Square Residual (SRMR) where
a good fit is SRMR < .08 and Root Mean Square Error of
Approximation (RMSEA) where a good fit is also when
RMSEA < .08 [29].

To assess invariance between years, we used a multi-
ple group CFA relying on the model providing the best
fit [30]. Here, four models were compared where some
parameters can be equal or vary across 2018 and 2019.
In model 1, the same CFA is fit in every group. In model
2, the factor loadings are constrained to be equal across
groups. In model 3, intercepts and factor loadings are
constrained to be equal across groups. Finally, model 4
imposes a restriction where means, factor loadings and
intercepts are set to be equal across groups. In 2019, our
database included R scores, so that correlations between
R score and MMI score could also be computed.

Results

This study included 1438 candidates who did their
IFMMI in 2018 (95.2% of the cohort) and 1440 candidates
in 2019 (90.8% of the cohort) who gave written consent to
participate. The mean age of participants was 21.0years
old in 2018 and 21.7 years old in 2019. Regarding gender,
886 (61.6%) of participants were female in 2018 and 888
(61.7%) in 2019. Descriptive statistics for each of the 10

Station format

Example of design (all are 7-minute stations)

Discussion
Role-play

Candidates must give their opinion on the role of artificial intelligence in medicine and healthcare
Scenario: While on vacation in a hostel, you meet someone who seems to have an alcohol prob-

lem (played by an actor). The candidate must then interact with the actor to better understand

the situation.
Collaborative station

Candidates must collaborate together to build something with the provided material (e.g. blocks,

cards) by using instructions given to each candidate. At the end, they are asked to reflect on their
interaction with the other participant.
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Table 2 Descriptive statistics of MMI scores for the 2018 and 2019 IFMMI cohorts
Station Format Mean Median SD Min? Max? Skew Kurt
2018 S1 Discussion 66.90 68.32 19.35 —14.57 111.02 —0.52 0.61
S2 Collaboration 68.35 69.25 18.14 —10.04 114.14 —0.66 0.95
S3 Collaboration 66.01 68.16 19.52 —535 112.94 —053 041
S4 Discussion 65.72 67.38 20.67 —6.31 114.40 —0.49 0.03
S5 Role-play 58.22 62.06 25.70 —38.51 11313 —048 —0.13
S6 Discussion 65.82 67.15 2044 —1343 111.22 —0.52 0.26
S7 Role-play 62.08 61.52 23.28 —16.45 111.59 —045 —0.10
S8 Discussion 65.38 66.72 20.81 —22.89 119.07 —0.50 0.19
S9 Discussion 7043 70.98 19.72 —4.18 121.68 —0.58 0.29
S10 Role-play 6343 67.99 2333 —17.84 114.76 —0.51 0.00
Discussion (overall) 66.85 67.54 12.28 9.93 98.49 —0.51 0.86
Collaboration (overall) 67.18 68.38 15.98 —1.71 106.45 —0.60 0.74
Role-play (overall) 61.25 62.25 16.92 —448 100.49 —0.38 0.02
2019 S1 Discussion 71.50 7148 18.61 —10.55 117.78 —0.67 0.59
S2 Collaboration 69.70 70.61 18.70 —572 11533 —0.77 1.04
S3 Collaboration 69.69 70.61 18.24 2.63 109.11 —0.76 0.72
S4 Discussion 72.90 72.82 1713 4.64 111.41 —0.54 024
S5 Role-play 65.84 67.77 22.66 —13.76 114.19 —0.50 0.02
S6 Discussion 72.79 7244 19.07 3.14 112.57 —0.51 0.06
S7 Role-play 7043 69.14 19.97 —24.95 119.22 —0.67 0.51
S8 Discussion 70.26 72.86 20.88 —8.05 117.00 —0.60 0.16
S9 Discussion 73.68 73.29 18.91 —10.90 108.25 —0.64 0.29
S10 Role-play 67.77 71.19 2335 —29.98 11549 —0.54 —0.18
Discussion (overall) 72.23 73.20 11.62 27.83 101.40 —048 0.26
Collaboration (overall) 69.69 71.10 16.26 324 111.21 —0.81 1.01
Role-play (overall) 68.02 69.34 15.20 932 101.75 —049 0.19

Abbreviations: SD standard deviation, Min minimum score, Max maximum score, Skew Skewness, Kurt Kurtosis

2 Negative values and values >100 are explained by the adjusted score according to rater’s leniency or stringency

MMI station scores are provided in Table 2. The overall
mean adjusted scores was 65.24 for 2018 (min=58.22,
max=70.43, sd=3.38) and 70.46 for 2019 (min=65.84,
max =73.68, sd =2.42). The reliability of scores was esti-
mated using Cronbach’s alpha (0.68 for 2018 and 0.71 for
2019) and McDonald’s omega (0.73 for 2018 and 0.76 for
2019). Correlations (Pearson’s r) coefficients among sta-
tion scores ranged between 0.07 and 0.44 for 2018 and
between 0.13 and 0.55 for 2019 (see Table 3). In addition,
in 2019, the R score was available for 1207 applicants in
the database and showed no correlation with the MMI
score (r=—0.023, p=0.430). A very weak positive cor-
relation was observed between the R score and the col-
laboration stations’ subscore (r=0.031, p=0.031) and a
very weak negative correlation was observed between the
discussion stations’ subscore and the R score (r=— 0.060,
p=0.036). No correlation was seen between role-play
station scores and R score (r=-—0.018, p=0.524). In
2019, we also had data for 755 admitted students to Que-
bec medical schools and their mean IFMMI score was

significantly higher than non-admitted students (76.64 vs
65.46, p <0.001). This difference was observable across all
station subtype scores.

Results of the CFA are presented in Fig. 1A for the 2018
cohort and Fig. 1B for 2019. The analysis confirmed a
three-factor solution: discussion stations, role-play sta-
tions and collaboration stations all loaded adequately
with their scores. The model fit for 2018 was excellent
with a CFI of 0.983, a TLI of 0.976, a SRMR of 0.021 and
a RMSEA of 0.023. In comparison, the single factor solu-
tion presented lower fit values (CFI=0.819, TLI=0.767,
SRMR =0.049 and RMSEA =0.070). This trend is similar
for 2019. The model fit for the three-factor structure was
also excellent (CFI=0.99, TLI=1.00, SRMR=0.015 and
RMSEA<0.000) and clearly superior to the model with
a single factor (CFI=0.835, TLI=0.788, SRMR =0.050
and RMSEA =0.077).

Results of the multigroup CFA are presented in Table 4.
They show no substantial difference between 2018
and 2019. The fit measures are all excellent, even when
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Table 3 Pearson correlations between individual MMI stations’scores for 2019 (upper triangle) and 2018 (lower triangle)
2019 correlations
Stations S2 S3 S4 S5 S6 S7 S8 S9 S10 D RP Coll
0.22 | 0.26 | 0.16 | 0.23 | 0.27 | 0.20 | 0.20 | 0.19 | 0.61 | 0.22 | 0.29
- S2 0.18 0.20 | 0.16 | 0.15 | 0.21 | 0.16 | 0.13 | 0.17 | 0.27 | 0.88 | 0.26
_5 S3 0.17 | 0.44 0.20 | 0.22 | 0.17 | 0.23 | 0.18 | 0.14 | 0.21 | 0.29 | 0.88 | 0.31
= S4 0.29 | 0.11 | 0.21 0.21 | 0.24 | 0.27 | 0.25 | 0.26 | 0.21 | 0.63 | 0.23 | 0.32
% S5 0.15 | 0.16 | 0.14 | 0.18 0.16 | 0.22 | 0.17 | 0.16 | 0.22 | 0.29 | 0.21 | 0.71
; S6 0.19 | 0.09 | 0.12 | 0.18 | 0.07
b S7 0.14 | 0.17 | 0.14 | 0.17 | 0.29
~ S8 0.18 | 0.15 | 0.20 | 0.22 | 0.12
S9 0.23 | 0.15 | 0.19 | 0.21 | 0.18
S10 0.13 | 0.14 | 0.13 | 0.15 | 0.20
D 0.62 | 0.23 | 0.29 | 0.64 | 0.24
RP 0.21 | 0.84 | 0.86 | 0.19 | 0.18
Coll 0.21 | 0.22 | 0.20 | 0.24 | 0.73

D discussion stations, RP role-play stations, Coll Collaboration stations

All correlations in the table are significant at p <0.01

comparing the fit of a progressively more constrained
model. Model 1 presented the lower Akaike informa-
tion criterion (AIC) value and Model 4 shows the lower
Bayesian information criterion (BIC) value, suggesting
that there is a very small difference between the various
models according to the year.

Discussion

In this study of the 2018 and 2019 IFMMI cohorts, we
found that the three different station formats (discus-
sions, role-plays and collaboration) resulted in a three-
factor structure that was consistent across 2 years.
This suggests that, in our context, stations purposively
designed differently are assessing different dimensions.
We must, however, interpret with caution the three-
factor structure — it may be related to different levels of
task complexity, the different ways raters score the differ-
ent tasks, or differences in underlying constructs. Some
variations in the association between discussion and
role-play station subscores also suggest that individual
design choices are still important in the factor loading
of these stations. Moreover, across all three station for-
mats, the correlation with the R score was either absent
or very weak, suggesting that all three station formats are
assessing non-cognitive attributes. Overall, these results
are comparable to the factor analyses recently per-
formed by Renaud et al. on the 2010-2017 iterations of
the IFMM]I, that relied solely on discussion and role-play
stations [17]. In this study, all multidimensional models

considering station formats had a better fit than the uni-
dimensional models [17].

So far, in other contexts, very few studies have looked
at how different station formats may contribute to the
dimensionality of an MMI. The study by Mirghani et al.
[31] used EFA and could adequately differentiate stations
that were intended to measure visuomotor skills and soft
skills, where six stations involving mainly discussion and
reflection loaded in one factor, and four stations involv-
ing manual dexterity or motor tasks loaded in different
factors. Considering “soft skills” stations, a German study
about MMI recently hypothesized that role-play and dis-
cussion stations were assessing different constructs, thus
creating small but perceptible subgroup differences [32].
No factor analysis was performed, however, in this con-
text. To our knowledge, the only CFA published on MMI
in a different context was by Oliver et al. [9] and achieved
a good fit (CFI of 0.94 and 0.97 for a one- and two-factor
model, respectively). However, this study was comparing
factors assessed on two scales (communication and prob-
lem evaluation) that were used across all stations. This
differs significantly from our context where there was
only one scale per station and precludes any comparison.
In our case, CFA was performed according to a hypoth-
esis-driven process based on station format, rather than
scales, and is likely to provide more meaningful results
than an EFA [33]. However, whether this factorial struc-
ture underpins different constructs or simply different
tasks remains unclear, but it is likely that we are assessing
different skills when using different station formats.
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Fig. 1 Standardized factor loadings and model covariates of the confirmatory factor analysis for 2018 (A) and 2019 (B). Stations are represented as
rectangles and station formats are represented as ovals. Coefficients on the arrows can be interpreted as correlations

Table 4 Multiple group confirmatory factor analysis based on year (2018 and 2019): model fit measures

CFI TLI RMSEA SRMR AIC BIC
Model 1 0.993 992 0.014 0.017 241,213.843 241,604.664
Model 2 0.994 990 0.016 0.017 241,219.843 241,628.429
Model 3 0.993 970 0.015 0.019 241,214.457 241,581.592
Model 4 0.984 982 0.021 0.024 241,230.547 241,538.467

Abbreviations: CFl Comparative fit index, TLI Tucker-Lewis index, RMSEA Root mean square error of approximation, AIC Akaike information criterion, BIC Bayesian

information criterion

Although MMI are very often used across healthcare
professions selection, the exact role and impact of using
various station formats for MMI have not been exten-
sively studied. From a theoretical perspective, chang-
ing station format is the equivalent of modifying what
Lievens and Sackett would call “predictor method fac-
tors’, i.e. small components of the selection method [34].
Although the stimulus format (face-to-face) is the same

in the three formats, various levels of contextualization
or stimulus presentation consistency are expected from
these three distinct tasks. For example, Eva et al. demon-
strated in an experimental format that reliability could
change according to the type of question asked (behavio-
ral vs situational), which is a direct example of how modi-
fying a small component of a selection tool can optimize
results [35]. Research conducted on the IFMMI suggest
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that the predictive validity and reliability of both role-
play and discussion stations are comparable [17]. How-
ever, it seems plausible that changing the station formats
will have an impact on what they assess and we encour-
age researchers to carefully study the differential predic-
tive validity of various station formats. For instance, a
recent German study found that some subgroup differ-
ences (e.g. male/female) would vary according to station
format, suggesting that the constructs assessed in these
different formats were different [32]. The authors sug-
gested that role-play (or “simulation”) stations required
more affective empathy, as opposed to discussion or
interview stations, that perhaps required more cogni-
tive skills related to perspective taking or reflection [32].
Moreover, the fact that our third station format, collabo-
rative stations, loaded in a different factor also suggests
that they are purposively assessing a different dimension
than the two other station formats, which is likely related
to leadership and collaboration.

Although each station format seems to be assessing
something different, the covariance between the three
station formats remains moderate-to-high (0.44 to 0.63),
suggesting that elements such as communication skills
are likely to be assessed transversally. Also, although our
three-factor structure does show differences between sta-
tion formats, it does not provide any details as to which
constructs are specifically assessed within each format, or
within each individual station. Moreover, our observation
may not be generalizable to other institutions, depending
on the actual content of the MMI stations and implemen-
tation parameters. This is illustrated by the contradic-
tory findings described so far in the literature regarding
the dimensionality of various MMIs [36]. The use of fac-
tor analysis has been criticized in MMI-like assessments,
because of its inability to account for the complexity of
the design, including possible sources of variance related
to the assessor, the candidate and the station [36, 37]. The
ratings in the current study were, however, corrected for
raters’ inconsistencies, possibly lowering this source of
unwanted variance.

Finding a three-factor solution does have significant
implications regarding reliability measurement. Indeed,
if three different dimensions are measured in our MMI,
few stations are assessing each one. This raises ques-
tions about the appropriateness of Cronbach’s alpha to
estimate reliability. Recent commentaries reiterated its
usefulness when the assessment tool is unidimensional,
which is not the case here and possibly not the case in
other MMIs relying on multiple station subtypes [38]. We
therefore encourage MMI designers to perform a factor
analysis as part of quality improvement and, if applicable,
choose a reliability coefficient that can be applied to mul-
tiple dimensions, such as McDonald’s omega [39-41].
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Furthermore, since the tool is multidimensional, it may
become relevant to look at individual station scores, or
specific station format scores, given that they each meas-
ure something different. For example, a “pass” mark
could be implemented for each station format’s subscore,
at least to ensure that applicants performed reasonably
well in each of them.

Conclusions

In this study, we demonstrated using CFA that the 2018
and 2019 iterations of the IFMMI had tridimensional
structure that was explained by station formats (discus-
sion, role-play, collaboration) and which was consistent
across two cohorts. Our findings constitute an additional
argument in the MMI validation process, along with pre-
vious observations about IFMMI reliability and their pre-
dictive validity with clerkship rotation performance. This
process also informs how reliability will be measured
for future iterations of the IFMMI. Further studies will
need to assess if the different station formats have differ-
ent psychometric properties, predictive values and sub-
group differences in various contexts. Indeed, different
station formats may be assessing different dimensions,
but whether certain formats allow the selection of better-
suited candidates is a completely different question.

Abbreviations

MMI: Multiple mini-interviews; AC: Assessment Centers; IFMMI: Integrated
French MMI; CFA: Confirmatory factor analysis; CFl: Comparative fit index; TLI:
Tucker Lewis index; SRMR: Standardized Root Mean Square Residual; RMSEA:
Root Mean Square Error of Approximation; EFA: Exploratory factor analysis;
GPA: Grade point average; AIC: Akaike information criterion; BIC: Bayesian
information criterion; OSCE: Objective structured clinical examination.

Acknowledgments

The authors would like to acknowledge the work of all the personnel involved
in elaborating and conducting the Integrated French Multiple Mini-Interviews,
as well as additional collaborators from the three participating institutions:
Université de Sherbrooke: Isabelle Gauthier, Meggie-Anne Roy.

Université Laval: Martine Bourget, Marie-Pier Carrier, Claire Hudon, Claude
Labrie.

Université de Montréal: Valeria Akim, Geneviéve Grégoire, Richard Rioux.

Previous presentations
Part of this work was accepted for a poster presentation at the Canadian
Conference on Medical Education, St-John’s, 2021.

Authors’ contributions

JML wrote the first and subsequent drafts of the manuscript. SB conducted
the statistical analysis described in the paper. SB, NL and RG were involved in
database design and analysis. JML, SB, JSR, PB, RG, AO, CB, NL reviewed prelimi-
nary versions of the manuscript and provided comments to improve it. JML,
SB, JSR, PB, RG, AO, CB, NL read and approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available due to ethical reasons (including the protection of the



Leduc et al. BMC Medical Education (2022) 22:616

confidentiality of applicant’s performance data for this high-stake selection
interview) and their ownership by the medical schools. However, anonymized
data may be available from the corresponding author on reasonable request
conditionally to REB approval and approval by all the institutions involved in
the data collection.

Declarations

Ethics approval and consent to participate

This study received IRB approval from the Comité déthique sur la recherche
en santé at Université de Montréal (Certificate 17-038-CPER-D). Informed
consent was obtained from all subjects.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Centre de recherche du Centre intégré universitaire de santé et de services
sociaux du Nord-de-Ile-de-Montréal, Hépital du Sacré-Cceur de Montréal,
5400 boul. Gouin ouest, Montréal, QC H4J 1C5, Canada. *Department of Micro-
biology, Infectious Diseases and Immunology, Faculty of Medicine, Université
de Montréal, 2900 boul. Edouard-Montpetit, Montréal, QC H3T 1J4, Canada.
3Department of Education Administration and Foundations, Faculty of Educa-
tion Sciences, Université de Montréal, 90, avenue Vincent-D'Indy, Montréal, QC
H2V 259, Canada. “Department of Family Medicine and Emergency Medicine,
Office of Education and Professional Development, Faculty of Medicine,
Université Laval, 1050 Avenue de la Médecine, Quebec, QC G1V 0A6, Canada.
°Department of Medicine, Faculty of Medicine, Université de Montréal, 2900
boul. Edouard-Montpetit, Montréal, QC H3T 1J4, Canada. *Office of Assess-
ment and Evaluation, Faculty of Medicine, Université de Montréal, 2900 boul.
Edouard-Montpetit, Montréal, QC H3T 1J4, Canada. ’Department of Obstetrics
and Gynecology, Faculty of Medicine and Health Sciences, Université de
Sherbrooke, 3001 12 Ave N Immeuble X1, Sherbrooke, QC J1H 5N4, Canada.
8Department of Family Medicine and Emergency Medicine, Faculty of Medi-
cine, Université de Montréal, 2900 boul. Edouard-Montpetit, Montréal, QC H3T
1J4, Canada.

Received: 19 January 2021 Accepted: 5 August 2022
Published online: 12 August 2022

References

1. Rees EL, Hawarden AW, Dent G, Hays R, Bates J, Hassell AB. Evidence
regarding the utility of multiple mini-interview (MMI) for selection to
undergraduate health programs: A BEME systematic review: BEME Guide
No. 37. Med Teach. 2016;38(5):443-55.

2. Eva KW, Rosenfeld J, Reiter HI, Norman GR. An admissions OSCE: the
multiple mini-interview. Med Educ. 2004;38(3):314-26.

3. Knorr M, Hissbach J. Multiple mini-interviews: same concept, different
approaches. Med Educ. 2014;48(12):1157-75.

4. Knorr M, Hissbach CJ, Hampe W. Interviews, Multiple Mini-Interviews,
and Selection Centers. In: Patterson F, Zibarras L, editors. Selection and
Recruitment in the Healthcare Professions. Switzerland: Palgrave Macmil-
lan; 2018.p. 113-38.

5. Kane MT. Validating the interpretations and uses of test scores. J Educ
Meas. 2013;50(1):1-73.

6. Loye N. Et sila validation était plus qu'une suite de procédures tech-
niques? [What if validation was more than just a series of technical
procedures?]. Mesure et évaluation en éducation. 2018;41(1):97-123.

7. Cook DA, Brydges R, Ginsburg S, Hatala R. A contemporary approach to
validity arguments: a practical guide to Kane's framework. Med Educ.
2015;49(6):560-75.

8. Reiter H, Eva K. Vive la Difference: The Freedom and Inherent Responsibili-
ties When Designing and Implementing Multiple Mini-Interviews. Acad
Med. 2018;93(7):.969-71.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 8 of 9

Oliver T, Hecker K, Hausdorf PA, Conlon P. Validating MMI scores: are
we measuring multiple attributes? Adv Health Sci Educ Theory Pract.
2014;19(3):379-92.

. Griffin B, Auton J, Duvivier R, Shulruf B, Hu W. Multiple mini interviews:

revealing similarities across institutions. BMC Med Educ. 2018;18(1):190.

. Siu E, Reiter HI. Overview: what's worked and what hasn't as a guide

towards predictive admissions tool development. Adv Health Sci Educ
Theory Pract. 2009;14(5):759-75.

. Kelly ME, Dowell J, Husbands A, Newell J, O'Flynn S, Kropmans T, et al. The

fairness, predictive validity and acceptability of multiple mini interview in
an internationally diverse student population--a mixed methods study.
BMC Med Educ. 2014;14:267.

. Cowart K, Dell K, Rodriguez-Snapp N, Petrelli HM. An Examination of

Correlations between MMI scores and Pharmacy School GPA. Am J Pharm
Educ. 2016;80(6):98.

. Eva KW, Reiter HI, Rosenfeld J, Norman GR. The ability of the multiple

mini-interview to predict preclerkship performance in medical school.
Acad Med. 2004;79(10 Suppl):S40-2.

. Husbands A, Dowell J. Predictive validity of the Dundee multiple mini-

interview. Med Educ. 2013;47(7):717-25.

. Knorr M, Schwibbe A, Enrhardt M, Lackamp J, Zimmermann S, Hampe

W. Validity evidence for the Hamburg multiple mini-interview. BMC Med
Educ. 2018;18(1):106.

. Renaud JS, Bourget M, St-Onge C, Eva KW, Tavares W, Salvador Loye A,

et al. Effect of station format on the psychometric properties of Multiple
Mini Interviews. Med Educ. 2022. Advance online publication. https://doi.
org/10.1111/medu.14855.

. Renaud J-S, Cantat A, Lakhal S, Bourget M, St-Onge C. Sélection des

candidats en médecine: validité prédictive des mini entrevues multiples
en contexte francophone [Admission process of applicants in medicine:
predictive validity of Multiple Mini Interviews in a French-speaking con-
text]. Pédagogie Médicale. 2016;17(1):7-21.

. Jerant A, Henderson MC, Griffin E, et al. Reliability of Multiple Mini-Inter-

views and traditional interviews within and between institutions: a study
of five California medical schools. BMC Med Educ. 2017;17(1):190.
Callwood A, Jeevaratnam K, Kotronoulas G, Schneider A, Lewis L, Nadara-
jah VD. Personal domains assessed in multiple mini interviews (MMIs)

for healthcare student selection: A narrative synthesis systematic review.
Nurse Educ Today. 2018;64:56-64.

Lemay JF, Lockyer JM, Collin VT, Brownell AK. Assessment of non-cog-
nitive traits through the admissions multiple mini-interview. Med Educ.
2007;41(6):573-9.

Cox WC, McLaughlin JE, Singer D, Lewis M, Dinkins MM. Development
and Assessment of the Multiple Mini-Interview in a School of Pharmacy
Admissions Model. Am J Pharm Educ. 2015;79(4):53.

Breil SM, Forthmann B, Back MD. Measuring Distinct Social Skills via
Multiple Speed Assessments. Eur J Psychol Assess. 2021. https://doi.org/
10.1027/1015-5759/a000657.

Lievens F, Corstjens J. New Approaches to Selection System Design

in Healthcare: The Practical and Theoretical Relevance of a Modular
Approach. In: Patterson F, Zibarras L, editors. Selection and Recruitment
in the Healthcare Professions: Research, Theory and Practice. London:
Palgrave Macmillan; 2018. p. 167-92.

Cleland JA, Abe K, Rethans JJ. The use of simulated patients in medical
education: AMEE Guide No 42. Med Teach. 2009;31(6):477-86.

The R Score: What It Is and What It Does. BCI. 2020. https://www.bci-gc.
ca/wp-content/uploads/2020/10/R_Score_what-it-is_what-it-does_BCl-
September-2020.pdf. Accessed 30 August 2021.

St-Onge C, Coté DJ, Brailovsky C. Utilisation du Mini Entrevues Multiples
en contexte francophone: étude de généralisabilité [Using multiple mini-
interviews in a French-speaking context: generalisability study]. Mes Eval
Educ. 2009;32(2):49-69.

Begin P, Gagnon R, Leduc JM, et al. Accuracy of rating scale interval values
used in multiple mini-interviews: a mixed methods study [published
online ahead of print May 6, 2020]. Adv Health Sci Educ Theory Pract. .
https://doi.org/10.1007/510459-10020-09970-10451.

Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance structure
analysis: Conventional criteria versus new alternatives. Struct Equ Model
Multidiscip J. 1999;6(1):1-55.

Beaujean AA. Latent variable modeling using R: A step-by-step guide. 1st
ed. New York: Routledge; 2014.


https://doi.org/10.1111/medu.14855
https://doi.org/10.1111/medu.14855
https://doi.org/10.1027/1015-5759/a000657
https://doi.org/10.1027/1015-5759/a000657
https://www.bci-qc.ca/wp-content/uploads/2020/10/R_Score_what-it-is_what-it-does_BCI-September-2020.pdf
https://www.bci-qc.ca/wp-content/uploads/2020/10/R_Score_what-it-is_what-it-does_BCI-September-2020.pdf
https://www.bci-qc.ca/wp-content/uploads/2020/10/R_Score_what-it-is_what-it-does_BCI-September-2020.pdf
https://doi.org/10.1007/s10459-10020-09970-10451

Leduc et al. BMC Medical Education

31.

32.

33

34

35.

36.

37.

38.

39.

40.

41.

(2022) 22:616

Mirghani |, Mushtaq F, Balkhoyor A, et al. The factors that count in
selecting future dentists: sensorimotor and soft skills. Br Dent J.
2019,226(6):417-21.

Knorr M, Meyer H, Sehner S, Hampe W, Zimmermann S. Exploring soci-
odemographic subgroup differences in multiple mini-interview (MMI)
performance based on MMI station type and the implications for the
predictive fairness of the Hamburg MMI. BMC Med Educ. 2019;19(1):243.
Kline RB. Principles and practice of structural equation modeling. 4th ed.
New York: Guilford publications; 2015.

Lievens F, Sackett PR. The effects of predictor method factors on selection
outcomes: A modular approach to personnel selection procedures. J
Appl Psychol. 2017;102(1):43-66.

Eva KW, Macala C. Multiple mini-interview test characteristics: 'tis better
to ask candidates to recall than to imagine. Med Educ. 2014;48(6):604-13.
Breil SM, Forthmann B, Hertel-Waszak A, et al. Construct validity of mul-
tiple mini interviews - Investigating the role of stations, skills, and raters
using Bayesian G-theory. Med Teach. 2020;42(2):164-71.

Putka DJ, Hoffman BJ. Clarifying the contribution of assessee-, dimen-
sion-, exercise-, and assessor-related effects to reliable and unreliable
variance in assessment center ratings. J Appl Psychol. 2013;98(1):114-33.
Raykov T, Marcoulides GA. Thanks Coefficient Alpha, We Still Need Youl
Educ Psychol Meas. 2019;79(1):200-10.

Béland S, Cousineau D, Loye N. Utiliser le coefficient omega de McDonald
ala place de I'alpha de Cronbach [Using the McDonald’s Omega Coef-
ficient Instead of Cronbach’s Alphal. McGill Journal of Education/Revue
des sciences de 'éducation de McGill. 2017;52(3):791-804.

Widhiarso W, Ravand H. Estimating reliability coefficient for mul-
tidimensional measures: A pedagogical illustration. Rev Psychol.
2014;21(2):111-21.

Flora DB. Your coefficient alpha is probably wrong, but which coefficient
omega is right? A tutorial on using R to obtain better reliability estimates.
Adv Methods Pract Psychol Sci. 2020;3(4):484-501.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Are different station formats assessing different dimensions in multiple mini-interviews? Findings from the Canadian integrated French multiple mini-interviews
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgments
	References


