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This study addressed the need to explore the reliability and validity Received 12 June 2023
of the recently renewed aptitude test based on the multiple mini- Accepted 28 April 2024

interview (MMI) format in Finnish teacher education programmes. KEYWORDS

Utilising a nationwide dataset (N = 3306), we explored the reliability Multiple mini-interviews;
of the format using intraclass correlations and multilevel modelling. student admission; initial
Furthermore, we validated the intended structure of the MMI with teacher education
confirmatory factor analysis and contrasted the scores of the MM

with other admission scores, i.e. cognitive measures. The results

showed mostly small effects of clustering of the applicants accord-

ing to the different interviewers and circuits. The largest variance

component for the MMI total score was the applicant (73.3%),

followed by measurement error (15.09%). The intended structure

was validated, and the MMI seemed to measure different attributes

from other admission measures. Thus, the study demonstrated

satisfactory reliability and validity of MMI in admission to teacher

education, yet the stations need further development.

Introduction

In Finland, many teacher education programmes have long maintained their place as the
most competitive university programmes, with acceptance rates of less than 10%. This
makes the admission process a high-stakes situation (Rees et al. 2016) and places special
importance on the selection: how to select the most suitable candidates for teacher
education from among thousands of applicants (Lehane, Lysaght, and O’Leary 2023).
Recently, admission to teacher education programmes in Finland has been significantly
developed and unified among the eight universities offering initial teacher education
(ITE). Consequently, university-specific aptitude tests and personal or group interviews
have been replaced by a common aptitude test based on the multiple mini-interview
(MMI) format, by which the applicant can apply to almost any of the teacher education
programmes.
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The basic idea of the MMI method is that the applicant goes through several stations
with different interviewers, and multiple attributes are assessed using a predefined,
structured scoring rubric (Eva et al. 2004). These multiple interviews should reduce the
effect of chance and interviewer or situational biases; this is seen as an important asset of
MMI compared to traditional personal semistructured or unstructured interviews.

MMI has been widely used and studied in the context of medical education, but
relatively little is known about its application in admission to teacher education.
However, a couple of recent studies have shown promising results concerning its relia-
bility and interviewer and applicant perceptions of the procedure (Metsapelto, Utriainen,
et al. 2022), as well as its ability to measure actual dispositions in contrast to work
experience (Salingré and MacMath 2021). Nevertheless, the utility of MMI in teacher
education admissions calls for more research. The purpose of this study was to fill this
gap and shed light on the reliability and validity of the MMI method as one part of the
admission process with an extensive sample, the entire national population of applicants
in Finland. Specifically, we aimed to study whether MMI demonstrates satisfactory relia-
bility, whether it can measure multiple noncognitive attributes, and whether it assesses
different attributes from the other admission measures.

The MMI as a method in student selection

Multiple approaches have been used in student selection. In the related literature,
a distinction is typically made between measuring the cognitive and noncognitive attri-
butes of applicants (e.g. Bardach, Klassen, and Perry 2022; Reiter et al. 2007). Cognitive
attributes usually refer to intellectual prowess, measured by high school grade point
average (GPA), or performance on a certain knowledge or cognitive processing test, while
noncognitive attributes are often used to encapsulate all the other desired qualities in an
applicant (Eva et al. 2004). Previous studies on student admission to ITE do not show very
promising results for selection solely based on cognitive attributes (e.g. Bardach and
Klassen 2020; D'Agostino and Powers 2009) but encourage the use of broader approaches
that include specific noncognitive measures, such as psychological teacher characteristics
(Bardach, Klassen, and Perry 2022). However, identifying suitable tools for the evaluation
of noncognitive attributes seems to be challenging (Klassen et al. 2020).

In the domain of medical education, the MMI format was developed to tackle problems
related to measuring noncognitive attributes on a single measurement occasion, such as
personal or group interviews (Eva et al. 2004; Reiter et al. 2007). The MMI is a highly
structured selection method in which applicants rotate through a series of stations where
they respond to predefined questions on a topic, problem, or case-based scenario.
Furthermore, interviewers may assess candidates on multiple attributes, both within
and across interview stations (Oliver et al. 2014).

Structure and design of the MMI

The MMI utilises multiple stations with different interviewers who independently score
each applicant on a standard rating scheme. Thus, it applies a multiple independent
sampling methodology (Hanson et al. 2012). There has been slight variation in the
number and duration of the stations, which often represents a compromise between
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feasibility (e.g. resources, participant fatigue) and reliability (Dodson et al. 2009). Typically,
medical schools have adopted MMIs with six to twelve stations, with durations of 5 to 15
minutes (Knorr and Hissbach 2014). Concerning reliability, a station time of 5 to 6 minutes
has been proven sufficient (e.g. Dodson et al. 2009; Knorr and Hissbach 2014).

The stations are designed to measure, for example, the applicant’s ability to solve
problems while communicating their ideas clearly, as opposed to specific learned knowl-
edge (Eva et al. 2004). Pau et al. (2013) provided evidence that the MMI can assess critical
thinking ability, communication skills, professionalism, and attitudes towards certain
ethical and social dilemmas. Thus, the MMI aims to measure multiple noncognitive
attributes, which are believed to be important for and predictive of future performance
in the profession (Oliver et al. 2014). However, few studies have reported identifying the
target attributes through literature research and stakeholder analysis (Knorr and Hissbach
2014).

The MMI stations typically require applicants to respond to a prompt, which might be
a picture, an article, or a scenario (Salingré and McMath 2021). Stations may utilise
different task formats, such as discussing a topic or dilemma with the interviewer,
answering standardised questions, collaborating with other applicants, or answering
problem-solving tasks (Knorr and Hissbach 2014). The applicant’s performance on stations
is typically rated on anchored Likert scales. Station scores may be measured either on
a single scale or by summing or aggregating several subscales.

The MMl is a resource-intensive method of assessment as it requires extensive human
resources and space, which may affect, for example, the number of stations arranged
(Uijtdehaage, Doyle, and Parker 2011; Yamada et al. 2017). Setting up an adequate
number of stations and questions within stations, as well as providing a sufficient amount
of training for the examiners, can improve the reliability of the MMIs but may be too costly
(Roberts et al. 2008). To decrease the financial costs of the MMI, Rosenfeld et al. (2008)
suggested recruiting existing faculty to be examiners, using university premises, and
reducing the duration of stations rather than their number.

Reliability and validity of MMlIs

In a high-stakes situation, issues of reliability and validity require special attention.
Generally, reliability refers to the consistency of the measures used, while validity refers
to whether the items used measure what they are intended to measure. Validity may
include a number of more specific components, such as content validity (consistency
between the station scenario and the target attribute to be measured) and construct
validity (consistency between the scores and the target attribute; Hecker et al. 2009). In
addition, the MM literature often discusses predictive, discriminant, and face validity.
Predictive validity determines the extent to which MMI identifies applicants who will
display the desired attributes during training and throughout their professional practice
(Cameron et al. 2017). Discriminant validity contrasts MMI with other selection measures
(Breil et al. 2020), and face validity refers to the acceptability of the MMI by interviewers
and applicants (Hecker et al. 2009).

The use of the MMI format has yielded promising results in student admissions to
health professions. Compared to traditional interviews, MMIs offer improved reliability
and validity, which should be expected of a selection instrument in a high-stakes selection
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setting (Patterson et al. 2016). For example, the multiple independent sampling metho-
dology is thought to contribute to its reliability, as one assessment does not influence
another (Hanson et al. 2012). Generally, the reliability of MMI has been reported to be
acceptable; however, the interpretation of reliability in studies has not always been clearly
explained (Pau et al. 2013). Factor analysis is recommended for identifying which stations
assess the same attributes (Lemay et al. 2007), and generalisability analysis is often carried
out to compute the overall reliability of the MMI considering all sources of variance (Pau
et al. 2013), such as interviewer, station, or applicant. In a recent study piloting the MMI
procedure in Finnish teacher education, approximately 63% of the variance between the
MM scores could be attributed to the applicant, while measurement error accounted for
about 21% of the variance (Metsapelto, Utriainen, et al. 2022). In most of the stations,
interviewer and circuit effects were small (under 10%), while the station explained around
20% of the variance, pointing to varying levels of difficulty between stations.

There has been disagreement about whether MMIs can measure only one attribute,
one attribute per station, or one attribute per social skill dimension, regardless of station
(Breil et al. 2020). For example, measures of different noncognitive attributes assessed
within the same station have been found to be highly correlated, which might limit the
interpretability of MMI scores (Oliver et al. 2014). This has also led to the common practice
of reporting total scores within each station instead of separate attribute-based scores.
Thus, it remains unclear whether MMI scores are able to capture one or multiple attri-
butes. Oliver et al. (2014) reported evidence supporting the measurement of multiple
attributes within one station but highlighted the need to clearly define the aspects of the
noncognitive attributes that are intended to be assessed. Additionally, studies by Lemay
et al. (2007) and Hecker et al. (2009) provided similar evidence supporting the multi-
dimensionality of MMI, that is, the ability of the format to assess multiple noncognitive
attributes.

In medical education, consistent evidence has been reported concerning the predic-
tive validity of MMls. According to a systematic review (Patterson et al. 2016), performance
on MMils was related to subsequent performance on both undergraduate and postgrad-
uate examinations of clinical competence, as well as on other examinations. Kelly et al.
(2014) proved the opposite, showing that MMI was not highly predictive of first-year
success in the programme. However, they suggested that predictive validity patterns may
change as students progress in their studies and gain more clinical experience. In the
teacher education context, Salingré and MacMath (2021) reported few correlations
between MMI and success measures in the long practicum, suggesting the need for
more research.

Concerning the discriminant validity of MMI, the format has shown low or non-existent
associations with traditional admission tools, such as cognitive ability, pre-entry academic
qualifications (e.g. GPA), or interview (e.g. Eva et al. 2004; Hecker et al. 2009; Pau et al.
2013; Rees et al. 2016). However, scores from MMIs with only interview stations were
strongly associated with scores from MMIs that included different kinds of exercises,
demonstrating convergence between different task formats (Gafni et al. 2012).
According to Breil et al. (2020), most previous studies have focused on the relationships
between overall MMI scores and other selection measures, while it would be important to
consider the correlation between individual stations and other selection measures if MMI
is assumed to measure several distinct attributes.
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In the medical context, several studies indicate good face validity for MMI,
characterising it as a more acceptable method of admission assessment than tradi-
tional interviews by both interviewers and interviewees (e.g. Dore et al. 2010; Kelly
et al. 2014). In teacher education, MMI has also been perceived positively by both
applicants and interviewers (Metsdpelto, Utriainen, et al. 2022). The special advan-
tage of MMIs is that applicants can improve their performance at the next station,
regardless of possible failures in previous stations (Pau et al. 2013; Rosenfeld et al.
2008). Several studies on the acceptability of MMIs state that MMI scores are not
related to applicants’ gender, disadvantages, previous school success, or access to
paid coaching (Pau et al. 2013; Uijtdehaage, Doyle, and Parker 2011). However, some
studies have reported that applicants of aboriginal or rural background receive lower
scores compared to other applicants (Rees et al. 2016). Acceptability can be
increased by combining different types of questions within the stations (Yamada
et al. 2017).

The current study: MMI as a part of student admission to teacher education
in Finland

In Finland, students are selected for ITE via a two-phase selection process. The first phase
includes the preselection of applicants based on their weighted matriculation exam
scores, which are applied to a percentage (e.g. 60%) of applicants. They are granted the
right to enter the second phase without participating in the first phase screening.
Applicants without matriculation exams or high enough scores may take first phase
screening, which aims to measure the applicants’ cognitive competencies, such as con-
ceptual comprehension. It is comprised of a nationally planned and coordinated written
exam (VAKAVA) that comprises reading scientific texts and answering multiple-choice
questions based on the texts within a time limit. Based on the success in the first phase, at
least twice as many applicants compared to the number of study places are invited in
the second phase.

The final screening of applicants takes place in the second phase, which focuses on
applicants’ noncognitive attributes, such as social skills. The final screening is based on
a nationally planned and coordinated MMI format in which applicants move through
a sequence of stations with different interviewers and respond to structured tasks (Eva
et al. 2004). The attributes measured in the MMI are derived from the multidimensional
adapted process model (MAP) of teaching (Metsapelto, Poikkeus, et al. 2022), highlighting
applicants’ suitability for the teaching profession. In the final selection decision, neither
the scores from the preselection nor the first phase screening are considered; only the
scores of the MMI are used to rank the students.

In both the first and second phase screenings, the procedures and scoring are uniform
across universities, and both phases apply to all teacher education programmes in
Finland. The applicants can simultaneously apply to several programmes within the
same or multiple universities, but they must rank their choices and can only enter one
programme in which they score higher than its cut-off.

The current study addressed questions concerning the reliability as well as construct
and discriminant validity of MMI as a part of student admission to teacher education
programmes in Finland. The MMI format was piloted in some teacher education units in
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2019, after which it was further developed; since 2020, it has been utilised nationwide.
Since the format has been fairly recently applied to the teacher education context but is
less studied within it, the study aimed to shed more light on the matter by answering the
following research questions:

In the context of student admission to teacher education,

(1) Does the MMI format demonstrate reliability?
e How much of the variation in MMI scores in each station is explained by the
clustering of applicants to different interviewers and circuits?
e How much of the variation in MMI scores is attributable to the interviewer,
circuit, station, applicant, and measurement error?
(2) Does the MMI format demonstrate validity?
e Does the MMI measure several noncognitive attributes, as it is designed to do?
e To what extent does MMI assess attributes that are not assessed by other
admission variables (matriculation exam scores and VAKAVA scores)?

The first research question addressed the reliability of the MMI in terms of how much of
the variance between the scores could be attributed to the participants and how much to
the other factors. In a previous study, the largest variance component in the MMI total
score was for the applicant, but it reflected only marginally satisfactory reliability
(Metsdpelto, Utriainen, et al. 2022). At the time of the earlier study, the MMI procedure
was piloted for the first time in Finnish teacher education admissions, whereas at the time
of the current study, the format had become established. Thus, we expected slightly
higher reliability in terms of applicant scores.

The second research question concerning the validity of the MMI was divided into two
sub-questions. The first aimed to examine whether the data structure of the MMI scores
supports the presence of multiple noncognitive attributes as independent test dimen-
sions. Given the explicit measurement and supposed distinctiveness of five MMI dimen-
sions, we expected a stronger model fit for a five-factor solution than for a one-factor
solution, suggesting that only one attribute is measured; or for a four-factor solution,
suggesting that each station would measure only one target attribute (instead of the two
attributes that were aimed at; see Oliver et al. 2014).

The second sub-question pertained to the relationship between the MMI and the other
admission measures. Based on earlier research, we assumed that the MMI measures
something other than the cognitive skills measured by the other admission variables,
namely, matriculation exam scores and VAKAVA scores (for GPA, see Eva et al. 2004, 2012;
Reiter et al. 2007). Thus, we expected only modest correlations between MMI station
scores and other admission measures.

Materials and methods
Participants

The participants of the study comprised the entire population of applicants (N =3309)
who had applied to at least one of the three largest teacher education programmes in
Finland (primary teacher education, early childhood teacher education, or special
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needs teacher education) and had participated in the second phase of student
admission (the aptitude test organised in the MMI format in 2021). The data were
drawn from the national register for study programmes leading to a degree, main-
tained by the Finnish National Agency for Education. Complying with the European
General Data Protection Regulation, the participants were informed about the proces-
sing of their personal data and given the opportunity to refuse participation. Three
applicants requested non-participation in the study, resulting in a final sample size of
3306.

Measures and procedure

The multiple mini-interview
The multiple mini-interview (MMI) procedure was designed based on a pilot study
(Metsdpelto, Utriainen, et al. 2022), where five attributes were measured through five five-
minute stations. However, due to resource-intensiveness and a large number of appli-
cants compared to many studies in the medical field (e.g. Eva et al. 2004; Uijtdehaage,
Doyle, and Parker 2011), in the current study, the MMI circuit was condensed into four
stations, each lasting five minutes, with a three-minute turnaround between stations.
While the number of stations was smaller than reported in several studies (see, e.g. the
reviews of Knorr and Hissbach 2014; Pau et al. 2013), it is not exceptionally small, as even
three-station MMIs have been used (e.g. Klassen and Kim 2021; Onyon, Wall, and
Goodyear 2009). Each applicant rotated through the four-station circuit and met with
a different interviewer at each station. The MMIs were organised in traditional face-to-face
mode (Kok et al. 2021) and synchronously at different universities in Finland, totalling 51
circuits and 204 interviewers. All the interviewers received one-day training on the aims
and implementation of MMiIs as well as on the administration and scoring of their stations.

The stations were designed by an admission committee of eight senior staff mem-
bers from different universities. Station development was based on the MAP frame-
work (Metsapelto, Poikkeus, et al. 2022), which specifies the key competence domains
perceived to be critical for the teaching profession. The model considers high-quality
teaching learner-centred and constructivist, and emphasises teaching interactions,
students’ active role in learning, and teachers’ emotional and learning support for
students. Stations were designed according to certain attributes that were considered
crucial in developing these skills and that indicated applicants’ general suitability for
the teaching profession.

Each of the four stations focused on one target attribute (motivation for pursuit of
a teaching career, skills in managing emotions, intercultural competence, and social
problem solving), which was assessed with a criterion-referenced scoring rubric.
Additionally, social skills were assessed at each station. The stations included subtasks
that comprised different formats and content types, such as reflection on certain topics. At
each station, applicants could earn a maximum of 24 points on the measured attribute,
and the same total score applied to the attribute of social skills assessed at each station
(with a maximum of six points at each). Thus, the maximum MMI score was 120. The total
score of the applicant and attribute-related scores were utilised in the analyses. For the
first station, however, a total score of 18 was applied, since the first subtask of the station
was not related to the main target attribute of the station (i.e. motivation), but to
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educability, and was thus theoretically separate from the other subtasks. If the applicant
failed on the first subscale of the task, the entire MMI failed.

The matriculation exam

The matriculation exam is the final exam of upper secondary school in Finland. It is
completed when a student has passed at least four exams at the baccalaureate level
at the end of the studies, which typically last three years. The separate exam grades
of only the mother tongue and mathematics (basic and advanced syllabi) were used
in this study. The Latin exam grades were converted to numeric values from 0
(improbatur; failed test) to 7 (laudatur; outstanding). In addition to separate grades
of mother tongue and mathematics, the total of the weighted matriculation exam
scores was used in the analyses, as it is utilised in the preselection, by which 60% of
applicants are chosen to go straight to MMI without having to participate in
VAKAVA. The total score was calculated based on four subjects: mother tongue,
mathematics (basic or advanced studies), one subject of humanities and sciences,
and one language (short, average, or extended studies). The maximum weighted
matriculation exam score was 123.9.

The VAKAVA written entrance exam

The VAKAVA written entrance exam is a multiple-choice exam based on research papers
and related multiple-choice questions (see Haataja et al. 2023). Using the available
articles, the participants had to answer 12 tasks, totalling 106 multiple-choice items.
They were awarded one point for correct answers and lost points for incorrect answers.
The maximum score was 106.

Analysis

First, descriptive statistics and correlations of the MMI attribute scores (i.e. station scores
and social skills scores measured separately for each station) and the MMI total score (i.e.
the sum of attribute scores) were calculated to provide an overview of the applicant
scores. Since the attribute scores were not normally distributed, nonparametric Spearman
correlations were used.

To calculate the reliability of the MM, a similar approach to Metsépelto, Utriainen, et al.
(2022) was utilised using Mplus 8.4 (Muthén and Muthén 1998-2017). First, intraclass
correlations (ICC) were calculated to examine how much of the variation in applicant
scores was explained by the clustering of applicants to different interviewers (i.e. inter-
viewer effect) and to the four-station circuits (i.e. circuit effect). ICC is considered
a desirable measure of reliability, as it reflects both the degree of correlation and agree-
ment between measurements (Koo and Li 2016). Furthermore, it measures the relatedness
of observations within a cluster, ranging from 0 to 1, where 0 indicates a non-existent
correlation between observations within a cluster, and 1 indicates identity among all
observations within a cluster (Killip, Mahfoud, and Pearce 2004).

Second, we analysed how much of the variation in total scores in MMI was attributable
to the interviewer, circuit, station, applicant, and measurement error. Following the idea
of generalisability theory (e.g. Brennan 2010), the contributions of different factors (i.e.
variance components) to the variance of the MMl total score were estimated. A multilevel
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model was utilised with three factors to estimate the variance component for the inter-
viewer and the circuit for which the applicant was assigned, as well as the station, to
examine the mean differences in scores obtained by applicants at each station (e.g. Marsh,
Martin, and Cheng 2008).

In the current study, the outcome was the attribute scores. The first station
scores (0-18) were scaled similarly to match the other scores (0-24) before model-
ling. The stations were treated as fixed effects in the model as the applicant
moved through four stations measuring different variables. Dummy variables
were used to calculate the stations’ relative difficulty level effects, which were
regressed on the applicants’ scores at each station. However, each applicant
attended one of the 51 circuits and was assessed by the same interviewer at
each station with regard to the applicant’s success at the station’s target attribute,
as well as the social skills measured at each station. The remaining variance in the
model was residual variance, which could not be attributed to any of the variables
in the model. Residual variance had two sources of variation, the applicant’s true
score variation and measurement error, which the model did not separate out.
Thus, the variance attributable to the applicants was calculated otherwise.

As each station and social skills measurement comprised two to six subscales,
Cronbach'’s alphas were calculated for each station attribute and social skills measured
at each station. As a measure of internal consistency, Cronbach’s alpha provided an
estimate of how much of the variation in the attribute scores was explained by the
applicant’s true scores and how much was attributable to measurement error. The sum
of the attribute-specific measurement errors was used as an overall indicator of the
amount of measurement error in the total MMI score and was subtracted from the
residual, resulting in the estimate of the true score variance for the applicants (see
Metsapelto, Utriainen, et al. 2022).

Third, confirmatory factor analyses (CFA) were applied to test the underlying
factor structure of the MMI. Since two attributes were measured by the same
interviewer at each station, residual covariances were allowed between the sta-
tion’s target attribute and the social skills scores within each station. The CFA
models were estimated using full information maximum likelihood estimation with
robust standard errors (MLR), which can handle non-normal data. Model fit was
evaluated using the chi square test and fit indices with general cut-offs (see
Schreiber et al. 2006): the chi square test (nonsignificant p value indicated
a good fit), the comparative fit index (CFl), and the Tucker - Lewis index (TLI;
values .95 or above indicate acceptable fit), the root mean square error of approx-
imation (RMSEA; values below .05 indicate a good fit), and the standardised root
mean square residual (SRMR; values below .08 indicate a good fit). Additionally, the
Akaike information criterion (AIC) and Bayesian information criterion (BIC) were
used for the model comparison (the smaller the better). Finally, the MMI scores
were examined in relation to other admission variables (matriculation exam scores
and VAKAVA scores) using Spearman correlations.
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Table 1. MMI attribute and total score descriptive statistics and Spearman correlations between the
scores.

All applicants (N = 3306) Correlations (r)
Score/attribute M SD SK  Rku 1. 2. 3. 4. 5 6.
1. Station 1: Motivation for pursuing 1857 406 -.73 61  —

a teaching career
2. Station 2: Skills in emotion management 18.85 3.13 —-40 .59 .20*** —

3. Station 3: Intercultural competence 13.52 377 02 .00 .29%** 20%** —

4. Station 4: Social problem-solving 1872 212 =156 9.65 .22%** |1g**¥* 23%*x  __

5. All stations: Social skills 22.08 212 —230 10.69 .A5*** 28%*x 3p¥xx  3pxxx

6. MMI total score 91.74 1021 —1.06 471 72%** [57%%* 58¥¥* 50Q*** 5%** —

Note. The scores for each station ranged from 0 to 24. ***p <.001.

Results
Descriptive statistics and correlations of MMI attribute scores

As shown in Table 1, there was a relatively large variation in the MMI attribute scores. On
average, the applicants scored the highest on social skills measured at each station, and
the lowest on intercultural competence. Correlations between the attributes ranged from
low to moderate (.16-.45), suggesting that different attributes were measured at different
stations. Correlations were the highest between social skills and motivation to pursue
a teaching career (.45). Overall, the social skills scores measured at each station correlated
the highest with the other attribute scores, which might be explained by the fact that they
were rated by the same interviewer as each station score.

Interviewer and circuit effects

ICCs were utilised to determine how much variation in applicant scores at each station
could be explained by the clustering effect of the interviewer and the circuit (Table 2).
ICCs at all stations remained fairly low (0.08-0.17), showing that nearly all the measured
variance in these attributes was related to sources of variance other than factors concern-
ing the interviewer or circuit. When the circuit was used as a clustering variable, the results
remained similar: the four-station circuit to which the applicant was assigned had a very
small effect on the variance in the MMI total scores.

Table 2. Intraclass correlations (ICC) of the five MMI target attributes and total scores.
95% Confidence interval

Clustering variable ICC Lower bound Upper bound
Interviewer
Station 1 EEE .07 15
Station 2 .08*** .04 11
Station 3 A VA .09 25
Station 4 J10%** .06 14
Social Skills J12%** 12 17
4-station circuit
Social Skills (all stations) 09x** .06 12
Total MMI Score .08*** .05 12

***¥p <.001.
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Table 3. Variance components for MMI total scores.

MMI total score Applicant to applicant variations in total score
Source of variance Variance component % of total variance  Variance component % of total variance
Interviewer 1.44 7.5 1.44 10.1
Circuit 0.22 1.1 0.22 1.5
Station 4.89 254 - -
Residual 12.68 65.9 12.68 88.4
Total 19.23 100.0 14.34 100.0

Table 4. Cronbach’s alpha reliabilities, variances, and variances of measurement error.

No. of subscales at Cronbach'’s Variance of
Station/Attribute a station N Variance alpha measurement error
1 Motivation for pursuing 4 3306 16.49 0.77 3.79
a teaching career
Social skills 2 3306 0.72 0.71 0.21
2 Skills in emotion management 6 3306 9.78 0.43 5.55
Social skills 2 3306 0.60 0.60 0.24
3 Intercultural competence 3 3306 14.25 0.77 3.32
Social skills 2 3306 0.63 0.69 0.20
4 Social problem-solving 4 3306 448 0.54 2.08
Social skills 2 3306 0.75 0.57 0.32
Total 25 15.72

Variance components

Table 3 shows the results of the trilevel modelling, illustrating the variance compo-
nents of the MMI total score. First, we estimated all sources of variance (interviewer,
circuit, and station) that explained the applicant’'s MMI total score. The variance in the
MMI total score explained by the circuit was minimal (1.1%) and by the interviewer
fairly small (7.5%), whereas the station explained approximately one-fourth of the
variance (25.4%). Thus, there were relatively small differences in the MMI total scores
as a function of the specific circuit or the interviewer to which the applicant was
assigned, whereas each station explained a significant portion of the variation. This
could be interpreted as highlighting the differences between stations: one applicant
could get very different scores from different stations, pointing to the fact that the
stations measured different attributes. The remaining residual variance (65.9%) was
considered to represent the variance concerning the applicant’s true score and mea-
surement error. All variance components were statistically significant.

Table 3 also illustrates the estimated sources of variance, explaining the applicant-to-
applicant variations in the MMI total score. Since each applicant moved through the same
stations, the relative difficulty of the stations did not generate variation between appli-
cants and was removed from the sources of variation. Thus, the applicant-to-applicant
variation in the MMI total score was explained by the interviewer (10.1%), the circuit
(1.5%), and the residual (88.4%).

To differentiate between the true score variance related to the applicant and the
measurement error variance from the residual variance, the total measurement error
was calculated for each attribute score using Cronbach’s alphas (Table 4), resulting in
a total of 15.72. As the MMI total score variance was 104.19, the proportion of the total
measurement error from the total score variance was 15.09%. Then, the total
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Table 5. Model fit of the CFA models.

Model X2 (df), p CFI, TLI RMSEA SRMR AIC, BIC
1-factor model 4231.43 (177), .000 .74, .66 .08 .08 157995.25, 158593.39
4-factor model 738.73 (171), .000 .96, .95 .03 .03 154166.79, 154801.55
5-factor model 572.00 (167), .000 .97, .96 .03 .02 153994.72, 154653.90

Note. x2 (df) = chi-square test of model fit with degrees of freedom and p-value, CFl = comparative fit index, TLI = Tucker —
Lewis fit index, RMSEA = root mean square error of approximation, SRMR = standardised root mean square residual, AIC,
BIC = information criteria.

measurement error variance was subtracted from the variance component of the residual
variance (88.4%; see Table 4), resulting in 73.3% for the applicants’ true score variance.

Dimensionality of MMI scores

Next, the proposed underlying factor structure was analysed using CFAs. To test the
structure of the MM, three different CFA models were applied. The first model was a one-
factor model, based on the hypothesis that MMI could not measure various noncognitive
attributes but that all the tasks would measure a general MMI score or attribute.
The second model included four factors, suggesting that the tasks at each station
would measure one target attribute. The third model comprised a five-factor solution
that matched the theoretical basis of the applied MMI format, suggesting that five target
attributes could be measured with four stations. In all models, three subtasks (1a - c) at
Station 2 had to be omitted from the solutions due to low factor loadings. These three
subtasks applied a different format from the other subtasks of the station, which might
explain their poor loadings. Additionally, residual covariances were permitted between
the social skills scores and other attribution scores measured at the same station (Oliver
et al. 2014). The covariances seemed justified since the scorings were made by the same
interviewer. As can be seen from Table 5, CFA with five factors resulted in the best fit.
Furthermore, the item loadings were good (.37-.82), and there were no cross-loadings
(see Table 6). Thus, CFA supported the intended structure of the MMI. Cronbach’s alpha
and McDonald’s omega values showed acceptable internal consistency for motivation to
pursue a teaching career, intercultural competence, and social skills, whereas the internal
consistency of skills in emotion management and social problem-solving was poor.

Relationships between MMI scores and other admission variables

The correlations between the other admission variables and the MMI dimensions were
low (Table 7). The highest correlations emerged between the applicants’ VAKAVA scores
and the MMl attributes (.10-21), as well as the MMI total score (.25). Thus, it seems that the
MMI and other admission variables measured different attributes.

Discussion

The aim of the current study was to shed more light on the reliability and validity of the
MMI format as a part of admission to teacher education using an extensive sample, the
entire cohort of applicants. While the format is widely used and studied in student
admission to health professions, there is a paucity of research concerning the format in
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Table 6. Factor structure and loadings of MMI scores.

Factor S. Cronbach'’s McDonald’s
Station Factor M SD loading E. Alpha Omega
1 Motivation for pursuing a teaching 77 81
career
® Subtask 2 521 1.36 .69 .01
® Subtask 3a 354 1.15 .83 .01
® Subtask 3b 246 .64 .82 .01
® Subtask 3c 273 .57 .58 .02
2 Skills in emotion management .52 .53
® Subtask 2 520 1.62 48 .02
® Subtask 3a 418 137 .62 .02
® Subtask 3b 405 1.12 48 .02
3 Intercultural competence 77 77
® Subtask 1 4.78 1.36 72 .02
® Subtask 2 453 1.51 .70 .01
® Subtask 3 421 1.69 .76 .01
4 Social problem-solving .54 .54
® Subtask 1 470 .59 40 .04
® Subtask 2 424 92 49 .02
® Subtask 3 467 .83 .53 .03
® Subtask 4 511 .90 49 .03
All Social skills 72 .70
1 ® Subtask 1 283 44 .38 .03
® Subtask 2 272 52 37 .03
2 ® Subtask 1 281 42 46 .03
® Subtask 2 273 49 49 .03
3 ® Subtask 1 278 46 46 .03
® Subtask 2 280 44 49 .03
4 ® Subtask 1 275 48 46 .03
® Subtask 2 265 .55 .52 .03

Table 7. Spearman’s correlations between MMI attributes and other admission variables.

MMI total

N M SD 1 2 3 4 5 score

Weighted matriculation exam 3279 56.87 24.22 -.01 07%* .02 .05%* .01 .05%

scores

Math, advanced 895 4.09 124 -03 -.03 -.07* .08 -.03 -.02
Math, basic 1605 420 139 .04 .06* 06*  .06* .04 .08**
Mother tongue 3015 453 119 12%*¥x Q8***  0***  06**  12%** 15%%%
VAKAVA scores 2360 47.82 17.04 .19%**  1Q***  JQF¥x (7¥*x  Q]¥*x 5%

Note. 1 Motivation for pursuing a teaching career, 2 Skills in emotion management, 3 Intercultural competence, 4 Social
problem-solving, 5 Social skills. *p < .05.**p < .01.***p <.001.

teacher education admission, where it has only recently been applied (Metsapelto,
Utriainen, et al. 2022; Salingré and MacMath 2021).

In admission to Finnish teacher education programmes, the second phase of applicant
screening is currently based on the MMI format. In the year of the study, the format
included five noncognitive target attributes measured at four stations. Each station
included a separate target attribute and an attribute that was measured at each station.
The attributes were derived from the MAP model of teacher competence (Metsdpelto,
Poikkeus, et al. 2022) based on an extensive literature review on teaching.

The analyses concerning the reliability of the MMI showed that the clustering of
applicants to different interviewers explained a fairly small amount of variance for most
of the measured attributes (around 10%). This shows that the applicants were treated
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reliably and consistently in the assessment of most attributes. Thus, the scores given by
one interviewer did not resemble each other more than the scores of other applicants by
other interviewers (Metsapelto, Utriainen, et al. 2022). At Station 3, targeting applicants’
intercultural competence, the intraclass correlation was somewhat higher (17%), hinting
that interviewer bias may have affected the scoring to some degree.

The reliability of the MMI was further studied using multilevel modelling. When the
sources for variance in the MMI total score were studied, the effect of the circuit was
minimal (1.1%) and that of the interviewer was fairly small (<8%). However, the station
explained about one-fourth of the overall variance, highlighting that one applicant
received different scores from different stations. This seems understandable, as the
stations were designed to measure different noncognitive attributes; thus, their perceived
difficulty for the applicant probably varied. Therefore, one could score high on social
problem-solving but low on intercultural competence, for instance. These results are very
much in line with the previous study in the context of Finnish teacher education
(Metsapelto, Utriainen, et al. 2022).

The applicants’ true score variance turned out to be 73.3%, which can be considered
acceptable (e.g. Dore et al. 2010) and shows improvement from the earlier study when the
MMI procedure was piloted (63.3%; Metsdpelto, Utriainen, et al. 2022). Although the MMls
are redesigned every year and thus are not directly comparable, this can be seen as
a positive development, indicating that the reliability of the procedure has been strength-
ened by experience. With only four 5-minute stations and five measured attributes aiming
at cost-effective implementation, the results concerning reliability are encouraging.
However, the stations’ internal consistency varied remarkably (Cronbach’s alphas 0.53-
0.77), and despite the structured stations and criterion-based scoring rubric, approxi-
mately 15% of the variation in the MMI total score was still attributable to measurement
error. Intra-station reliability is usually expected to be high (Pau et al. 2013), and some
studies report results compliant with this assumption (e.g. Callwood et al. 2018; Dore et al.
2010; Lemay et al. 2007). However, intra-station (or domain) reliability is not often studied,
and other examples of variability exist, such as in Dowell et al. (2012). The reasons for
inconsistency might be related to different task types applied in the stations, as well as
different number of subtasks within stations. These findings emphasise that more atten-
tion should be paid to developing the stations and their subtasks.

Our results support the assumption that the MMI is able to assess and differentiate
among multiple noncognitive attributes (Hecker et al. 2009; Lemay et al. 2007; Oliver et al.
2014). The correlation analyses showed a relatively low correlation between the target
dimensions, suggesting that the stations measure different attributes. However, the
correlations between social skills dimensions, measured at every station, and each station
attribute were the highest, suggesting that the dimension of social skills was the least
distinguishable attribute of the five measured attributes. However, CFAs supported the
five-factor structure over the one-factor model, suggesting that MMI would measure only
one target attribute as well as over the four-factor model, where the dimension of social
skills was embedded in the other four target attributes and not as a separate dimension.

When the MMI scores were contrasted with the cognitive measures of matriculation
examination scores and VAKAVA written entrance examination scores, only weak to non-
existent associations between them were found. This provides evidence that the MMI
measures something other than the cognitive measures of the application phase (e.g. Eva
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et al. 2004, 2012; Reiter et al. 2007). Thus, the results support the role of MMI in the
admission process as a supplementary measure for cognitive screening.

The strength of the study lies in the sophisticated statistical modelling based on repre-
sentative data from the entire yearly population of applicants to the largest teacher educa-
tion programmes in Finland. However, one needs to consider the one-off nature of the MMI:
since the stations are redesigned every year, their comparability to earlier and future studies
is limited. However, the measured attributes show a certain consistency from year to year (cf.
Metsdpelto, Utriainen, et al. 2022), as they are based on the MAP model (Metsapelto,
Poikkeus, et al. 2022). Further, although the study explored the reliability and validity of
the MMI in versatile ways, it was in no account comprehensive. Future studies should
therefore be conducted, for example, to assess its predictive validity, that is, whether the
MMI scores are associated with study achievement in teacher education as well as success
and persistence in the teacher profession, or convergence validity, that is, whether other
tests measuring similar attributes give similar results. Additionally, the study did not consider
the fairness of the MMI to all applicants, that is, whether applicants’ age, gender, socio-
economic status or ethnic background had an effect on their performance (cf. Rees et al.
2016).

Conclusion

In conclusion, our study provides encouraging support for the reliability and validity of
using the MMI format as a part of student admission to teacher education. However, more
research and development work are needed to improve the internal consistency of the
stations. Considering the resource intensity of the traditional face-to-face MMI, other
solutions could also be considered, such as an automated interview grounded in MMI
methodology piloted in healthcare student selections (Callwood et al. 2022).
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