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Abstract

Background: The UMAT is widely used for selection into undergraduate medical and dental courses in Australia
and New Zealand (N2Z). It tests aptitudes thought to be especially relevant to medical studies and consists of 3
sections — logical reasoning and problem solving (UMAT-1), understanding people (UMAT-2) and non-verbal

reasoning (UMAT-3). A substantial proportion of all candidates re-sit the UMAT. Re-sitting raises the issue as to what
might be the precise magnitude and determinants of any practice effects on the UMAT and their implications for
equity in subsequent selection processes.

Methods: Between 2000 and 2012, 158,909 UMAT assessments were completed. From these, 135,833 cases were
identified where a candidate had sat once or more during that period with 117,505 cases (86.5%) having sat once,
14,739 having sat twice (10.9%), 2,752 thrice (2%) and 837, 4 or more times (0.6%). Subsequent analyses determined
predictors of multiple re-sits as well as the magnitude and socio-demographic determinants of any practice effects.

Results: Increased likelihood of re-sitting the UMAT twice or more was predicted by being male, of younger age,
being from a non-English language speaking background and being from NZ and for Australian candidates, being
urban rather than rurally based. For those who sat at least twice, the total UMAT score between a first and second
attempt improved by 10.7 + 0.2 percentiles, UMAT-1 by 8.3 + 0.2 percentiles, UMAT-2 by 83 + 0.2 percentiles and
UMAT-3 by 7.7 + 0.2 percentiles. An increase in total UMAT percentile score on re-testing was predicted by a lower

initial score and being a candidate from NZ rather than from Australia while a decrease was related to increased
length of time since initially sitting the test, older age and non-English language background.

Conclusions: Re-sitting the UMAT augments performance in each of its components together with the total UMAT
percentile score. Whether this increase represents just an improvement in performance or an improvement in
understanding of the variables and therefore competence needs to be further defined. If only the former, then
practice effects may be introducing inequity in student selection for medical or dental schools in Australia or NZ.

Background

Practice effects to improve performance in tests of cog-
nitive ability are well established [1] but the magnitude
and determinants of such effects may well vary accord-
ing to the test. The Undergraduate Medicine and Health
Sciences Admission Test (UMAT) is a cognitive ability
test designed and delivered by the Australian Council
for Educational Research (ACER) on behalf of the UMAT
Consortium of Australian and New Zealand universities
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[2]. It has been devised to determine aptitude for study in
medicine, dentistry and other courses for health profes-
sionals. The rapid expansion and increasing popularity of
commercially available preparation courses for the UMAT
[3] has resulted in a reciprocal increase in interest in
the potential magnitude and determinants of any practice
effects that may be improving test performance.

The UMAT is not a test of personality, values or atti-
tudes, nor is it a measure of previous learning in academic
domains. It comprises three sections: UMAT-1 - Logical
Reasoning and Problem Solving, UMAT-2 - Understand-
ing People and UMAT-3 - Non-verbal Reasoning and is a
3-hour paper-and-pencil test. Each section is assessed
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using multiple choice questions with 4 or 5 optional re-
sponses, of which only one is correct. The three sections
in 2012 comprised 48 items over 70 minutes in UMAT-1,
44 items over 55 minutes in UMAT-2 and 44 items over
55 minutes in UMAT-3. In Section 1 (UMAT-1) candi-
dates are required to exercise logical reasoning and prob-
lem solving skills using both inductive and deductive
reasoning, with an emphasis on logical argument in work-
ing to a solution. In Section 2 (UMAT-2) the emphasis
is on assessing empathy and emotional intelligence with
candidates required to show an understanding of the
thoughts, feelings, behaviour and intentions portrayed
within each question. Section 3 (UMAT-3) evaluates a
candidate’s non-verbal reasoning skills and aims to
measure cognitive ability independent of language
ability and specific cultural knowledge. ACER provides
example questions in an information booklet and in-
forms potential candidates that some practice in an-
swering questions of a similar type, and under similar
test conditions to those in the actual test, may be a use-
ful preparation. They also provide two practice tests on-
line for candidates who are registered to sit the UMAT.
Whether preparation or actual coaching for the test
makes a difference to test scores, however, remains
controversial [3,4].

Practice effects for the UMAT may be of substantial
magnitude as recently reported in a relatively small
study from New Zealand [4]. In that study results from
263 students who sat the UMAT both in 2010 and 2011
were analysed. Approximately 85% of the cohort improved
their overall score, 11% decreased and 4% obtained exactly
the same score. The mean increase averaged approxi-
mately 9.3% for the total score, 9.4% for UMAT-1, 7% for
UMAT-2 and 10.6% for UMAT-3. When considered in
terms of relative percentile score the study cohort im-
proved from a median total UMAT score percentile of
52% on the first attempt to 73% on the second. ACER
in their annual reports have also consistently reported
an increase in standardised scores in each section of
the UMAT in those who sit in consecutive years [2]. In
2012 they reported that the majority of students who
were re-sitting the test improved their scores but with
estimated mean increases that were lower than those
seen in the NZ study (UMAT-1, 6.4%, UMAT-2, 5.5%
and UMAT-3, 3.1%).

As a cognitive ability test, the construct validity and pre-
dictive validity of the UMAT have been subjected to recur-
rent careful analysis [5,6]. If practice effects are indeed
substantive they could potentially influence either the con-
struct validity or predictive validity of the test or both. We
have therefore ascertained all cases between 2000 and 2012
where candidates re-sat the UMAT and now report the
magnitude of the practice effects observed on re-testing
and discuss some of their possible determinants.
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Methods

Between 2000 and 2012, 158,909 UMAT assessments were
completed. After generating a unique ID for each candi-
date based on name, date of birth and gender 135,833
cases were identified where a candidate had sat once or
more during that period with 117,505 cases (86.5%) having
sat once, 14,739 having sat twice (10.9%), 2,752 thrice
(2%) and 837, 4 or more times (0.6%). Subsequent ana-
lyses determined predictors of multiple re-sits as well as
the magnitude and socio-demographic determinants of
any practice effects.

Practice effects were examined in relation to total
UMAT percentile scores and the percentile scores in
each of its 3 subsections - UMAT-1 - Logical Reasoning
and Problem Solving, UMAT-2 - Understanding People
and UMAT-3 - Non-verbal Reasoning. Each year ACER
reports candidate results as scores on a separate scale
for each of UMAT-1, UMAT-2 and UMAT-3 with an
overall UMAT score calculated as the average of these
three scores. Over the years 2000 to 2012, the scale has
changed several times as the test has developed. As a
result scores are not necessarily comparable between
years. However, percentile ranks enable a measure of
the relative standing of a candidate within each cohort.
Given the large numbers in each cohort it is likely that
there is reasonable comparability in the competence of
candidates at specified percentile ranks across cohorts.
Hence the use of percentile ranks as the measure in this
study.

The practice effects were further evaluated by dividing
the cohort into quartiles of initial test performance and
analysing the upper and lower quartiles in relation to
number of times the UMAT was sat. Predictors of the
magnitude of any practice effects were evaluated from a
number of socio-demographic indices collected on en-
rolment for the UMAT, including age, gender, postal
address, language spoken at home, type of secondary
school, country of origin and self-identification as being
of Aboriginal or Torres Strait Islander origin (ATSI).
Language spoken at home was classified according to
the Australian Standard Classification of Languages
(ASCL), 2011 [7]. For multivariate analysis this was
collapsed into 4 groups — English, European languages,
Asian languages and all other languages. Type of second-
ary school was divided into one of 5 groups — government
(publicly funded), independent (fee paying), Catholic,
Technical and Further Education institutions (TAFE —
public provider of predominantly vocational tertiary edu-
cation courses) and Other. For those with an Australian
address, an index of rurality was generated by linking each
candidate’s postcode to the Accessibility/Remoteness
Index of Australia (ARIA) [8]. ARIA values are grouped
into one of five categories: Highly Accessible (ARIA
score 0-1.84), Accessible (ARIA score >1.84 - 3.51),
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Moderately Accessible (ARIA score >3.51 -5.80), Re-
mote (ARIA score >5.80 - 9.08) and Very Remote (ARIA
score >9.08 — 12).

The project has been approved by the Human Research
Ethics Committee at the University of Western Australia
(file reference RA/4/1/2178).

Statistics

The magnitude of change between the first test and first
re-sit were compared by paired T-tests. Comparisons of
scores between those who sat once versus those who re-
sat the test were made by unpaired T-tests. Univariate
comparisons of performance during multiple re-sits of
the UMAT were made by repeated measures analysis of
variance (with post-hoc comparisons by Bonferroni cor-
rection). Multivariate analyses utilised linear regression
to assess the independent relationships of change in total
UMAT, UMAT-1, UMAT-2 and UMAT-3 score between
the first and second tests with age, gender, type of second-
ary school, language spoken at home, country of origin,
ARIA score and self-identification as ATSI as independent
predictors. Logistic regression analysis was utilised to as-
certain potential independent predictors of the likelihood
of sitting the UMAT more than once. All analyses were
carried out utilising IBM SPSS Statistics Version 20.0.

Results

Socio-demographic data

Of the 135,833 cases where a candidate had sat once or
more during the period 2000 to 2012, 1.1% were aged
less than or equal to 16 yr, 35.6% were 17 yr, 43.3% were
18 yr, 8.4% were 19 yr, 9.9% were aged 20 to 30 yr and
1.7% were greater than 30 yr. Females comprised 57.8%
of all cases and males 42.2%. English was spoken at
home by 69.2%, Asian languages by 27.1%, European
languages by 2% and other languages by 1.7%. School of
origin was a government school for 47%, independent
school for 32.8%, Catholic school for 17.6%, TAFE col-
lege for 0.4% and Other school for 2.2%. The majority of
the population were Australian (86.9%) with 12.1% from
New Zealand and 0.9% from other countries. Only 0.4%
self-declared as ATSI in origin. For Australian residents
(N =118,086), 93.4% were living in Highly Accessible
areas, 4.9% in Accessible areas, 1.2% in Moderately Ac-
cessible areas, 0.4% in Remote areas and 0.1% in Very
Remote areas. The socio-demographic profile by year in
which the UMAT was sat is outlined in Additional file 1.
It demonstrates an increasing number of 18 and 19 yo
sitting the test over time with a decreasing number of
those either 17 yo or less or those greater than 20 yo sit-
ting the test. The proportion of females has decreased
slightly while that of males has increased. The propor-
tion of those from an Asian language background has
almost doubled from 18% in 2001 to 32% in 2012. The
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proportion from a government school background has
slightly increased while those from an independent or
Catholic school background has commensurately de-
creased. The numbers of New Zealand cases increased
substantially from 2005 onwards with introduction of
the UMAT as a selection tool for the 2 NZ medical
schools, but have remained relatively steady since at
approximately 13-15% of the cohort.

Magnitude of practice effects

The changes in total UMAT percentile score and each
of its subsections are depicted in Figure 1. The predom-
inant increment for total UMAT occurred between the
first attempt and the first re-sitt RANOVA indicated a
further significant increase in percentile score at the
second re-sit (P <0.001, Bonferroni correction) but no
further increment with subsequent re-sits. For UMAT-1
further increases in relative performance extended out
to the 4™ re-sit (P =0. 024 compared to the 4™ re-sit,
Bonferroni correction). For UMAT-2 increases in rela-
tive percentile extended to only the 3™ re-sit (P = 0. 001
compared to the 2™ re-sit, Bonferroni correction) while
for UMAT-3 there was only an increase in relative per-
centile between the first attempt and the first re-sit with
no further increment at any subsequent re-sit.

For those who sat at least twice (N = 18,328), the total
UMAT percentile score between a first and second at-
tempt improved in 71.1%, decreased in 28.7% and was
identical in 0.2% of candidates. Total UMAT score im-
proved by a mean of 10.7 + 0.2 percentiles (Paired T-test
P <0.001). The UMAT-1 percentile score improved in
66.6%, decreased in 33.2% and was identical in 0.2% of
candidates with a mean increase of 8.3 + 0.2 percentiles
(Paired T-test P <0.001). The UMAT-2 percentile score
improved in 62.6%, decreased in 37.3% and was identical
in 0.1% of candidates and increased overall by 8.3 +0.2
percentiles (Paired T-test P <0.001). The UMAT-3 per-
centile score improved in 61.1%, decreased in 38.7% and
was identical in 0.2% of candidates with a mean overall
increase of 7.7 + 0.2 percentiles (Paired T-test P < 0.001).

Total UMAT percentile score and percentile score in
each of its 3 subsections by number of times candidates
re-sat the test between 2000 and 2012 are depicted for
those in the lowest performance quartile in their first
test in Figure 2 and for those in the highest performance
quartile in Figure 3. In those in the lowest quartile of
initial performance the increases were by 16.2 + 0.3 per-
centiles for total UMAT score (Paired T-test P <0.001),
16.8 £ 0.3 percentiles for UMAT-1 (Paired T-test P <
0.001), 21.1 + 0.3 percentiles for UMAT-2 (Paired T-test
P <0.001) and 24.8 + 0.4 percentiles for UMAT-3 (Paired
T-test P <0.001). For those in the highest quartile of ini-
tial performance there were decreases by 1.4 +0.3 per-
centiles for total UMAT score (Paired T-test P <0.001),
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Figure 1 Total UMAT percentile score and percentile score in each of its 3 subsections (+ SEM) by number of times candidates re-sat
the test between 2000 and 2012. Error bars are absent where they are too small relative to the mean.
J

3.6 £ 0.3 percentiles for UMAT-1 (Paired T-test P < 0.001),
9.3 + 0.3 percentiles for UMAT-2 (Paired T-test P < 0.001)
and 8.5+ 0.3 percentiles for UMAT-3 (Paired T-test
P <0.001).

Predictors of magnitude of practice effects

Linear regression analyses of potential predictors of the
change in overall performance in total UMAT percentile
score and each of its sub-sections on re-testing are out-
lined in Tables 1, 2, 3 and 4. Performance in UMAT-1,
UMAT-2 and UMAT-3 were first forced into the model
to correct for regression to the mean. Lower percentile
scores in UMAT-1, UMAT-2 or UMAT-3 predicted
higher increments in each of these scores on re-testing
as anticipated. Separate models (data not shown) indi-
cated that for those in the lowest quartile of total UMAT
percentile score at initial testing, the predicted incre-
ment on re-testing was 18.8 percentiles (CI 18.0, 19.7).
For those in the lowest quartile of UMAT-1 it was 22.5
percentiles (CI 21.6, 23.4), for those in the lowest

quartile of UMAT-2 it was 33.5 percentiles (CI 32.5,
34.6) and for those in the lowest quartile of UMAT-3 it
was 35.7 percentiles (CI 34.7, 36.7). The number of years
between the first test and the first re-sit was then forced
into the model, adjusting for a predicted negative associ-
ation between time interval and any measured practice
effects. The predicted negative association was highly
significant for UMAT-2 and UMAT-3 but was not seen
for UMAT-1 performance. Together these predictors
accounted for 9.7% of the variance in performance be-
tween the first and second tests in the total UMAT,
12.7% in UMAT-1, 18.5% in UMAT-2 and 24.5% in
UMAT-3. Finally, the socio-demographic predictors were
entered into the model. The significant predictors of an in-
crease in overall performance were being male or being a
candidate from New Zealand rather than from Australia,
while performance on re-sit was lower for older candidates
and for those from Asian language, European language
or Other language backgrounds compared to an English
language background. Together these predictors only
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Figure 2 Total UMAT percentile score and percentile score in each of its 3 subsections (+ SEM) by number of times candidates re-sat
the test between 2000 and 2012 for those in the lowest performance quartile in their first test. Error bars are absent where they are too
small relative to the mean.

increased the variance for the full model for total UMAT
to 12.2%, UMAT-1 to 15.3%, UMAT-2 to 22.7% and
UMAT-3 to 27% (Tables 1, 2, 3 and 4). The increase in
performance for those from NZ was primarily driven by
an increase in the UMAT-3 percentile score while the
decrease in percentile scores in those with a non-English
language background was not evident for UMAT-3 in
those from Asian languages background (Table 4).

Predictors of re-sitting the UMAT

When comparing those who sat once versus those who
re-sat, the percentile scores in UMAT-1 (52.3+0.09 vs
47.4 +0.20, Unpaired T-test, P<0.001) and UMAT-2
(52.7 £0.09 vs 48.6 £0.21, Unpaired T-test, P <0.001)
were initially lower in those who re-sat while those in
UMAT-3 were initially higher (51.2+0.8 vs 53.7 £ 0.20,
Unpaired T-test, P <0.001). The results from binomial
logistic regression of predictors of the likelihood of sit-
ting the UMAT twice or more are outlined in Table 5.

For those in the lowest quartile for UMAT-1 or UMAT-2
percentile score at the first test, the likelihood of re-sitting
was increased (OR 2.09, 95%CI 1.97, 2.23, P < 0.001, and
OR 124, 95% CI 1.17, 1.31, P<0.001, respectively). In
contrast, the likelihood of re-sitting for those in the lowest
quartile for UMAT-3 at the first test was reduced (OR
0.61, 95% CI 0.57, 0.64, P <0.001). Increased likelihood of
re-sitting the UMAT was predicted by being male (OR
1.10, 95% CI 1.06, 1.14, P <0.001), being of younger age,
being from a non-English language speaking background
(Asian language background OR 1.18, 95% CI 1.13, 1.23,
P <0.001), (European language background OR 1.12, 95%
CI 1.0, 1.26, P =0.05) and all Other languages (OR 1.49,
95% CI 1.33, 1.67, P <0.001), being from NZ (OR 3.59,
95% CI 3.43, 3.76) and being non-ATSI (OR 1.57, 95% CI
1.15, 2.13, P =0.004). Students from Catholic secondary
schools (OR 0.91, 0.86, 0.95, P <0.001) were less likely to
re-sit the UMAT while those from the TAFE school cat-
egory were more likely (OR 1.67, 1.31, 2.12, P <0.001).
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The relative amount of variance explained by the full
model was small (6.6%). In a separate model for Australian
students only, being rurally based rather than urban was
also a significant predictor with rurally based candidates
less likely to re-sit (OR, 0.78, 95% CI, 0.71, 0.85, P < 0.001).
Finally, logistic regression models were run in those who
sat 3 or more times (Table 6) or 4 or more times (Table 7).
The pattern of predictor variables for multiple re-sits were
largely unchanged in these models, while the relative
strength of the odds ratios was increased for each pre-
dictor variable together with the relative amount of
variance explained by each model.

Discussion

This study has identified substantial practice effects for
the UMAT which serve to enhance performance, espe-
cially between the first and second occasion of testing.
The UMAT is now delivered to approximately 15,000

students each year in Australia and New Zealand [2] and
hence a more comprehensive appreciation of practice
effects will better inform its application in the selection
of students for medical and dental schools. Practice
effects in cognitive ability tests are now well described,
with a meta-analysis [1] estimating that the magnitude
of the improvement in test scores from the first test to
the first re-sit would be approximately a quarter of the
standard deviation from the first test, and a further fifth
of a standard deviation to the second re-sit. With respect
to high stakes selection such as for medical or dental
school selection, re-sitting of admission tests is common.
Approximately 40% of students who sat a combination
cognitive ability test and science knowledge test for
admission to medical schools in Belgium re-sat the test
in a 4-year period [9]. Analysis of re-test effects in that
study showed a one third of a standard deviation incre-
ment in score on the knowledge test and a one half of
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Table 1 Multivariate linear regression for change in total UMAT score from first sit to second sit (N = 17,089, r* = 0.122)

Predictor variable (reference group in brackets) N B (95% Cl) Beta P-value
UMAT Score Percentile Test 1 17089 -0.26 (-0.27, -0.25) -0.343 <0.001
Number of years between tests 17089 -0.88 (-1.14, -0.62) -0.048 <0.001
Age (< 16 yr of age) 222

17 yr 5958 -0.81 (-3.27, 1.66) -0.020 0.522

18 yr 7209 -2.20 (-4.66, 0.26) -0.055 0.080

19 yr 1682 -6.02 (-862,-341) -0.091 <0.001

20-30yr 1749 -891 (-11.49, -6.33) -0.138 <0.001

> 30 yr 269 -10.18 (-13.47, -6.89) -0.065 <0.001
Gender (Females) 9463

Males 7626 0.62 (0.06, 1.17) 016 0.030
Language spoken at home (English) 10726

Asian Languages 5611 -4.32 (-4.94, -3.70) -0.103 <0.001

European Languages 349 -248 (-445,-0.51) -0018 0.014

Other Languages 403 -6.91 (-8.76, -5.07) -0.053 <0.001
School type (Government) 8911

Catholic 2565 -0.63 (-1.46, 0.20) -0.011 0.137

Independent 5102 092 (0.26, 1.57) 0.021 0.007

Other 84 -3.03 (-4.82,-1.23) -0.024 0.001

TAFE 427 -2.04 (-6.05, 1.96) -0.007 0317
Country (Australia) 12522

New Zealand 4436 122 (0.53,1.971) 0.027 0.001

Other Country 131 2.32 (-0.86, 5.50) 0.010 0.153
Aboriginal & Torres Strait Islander (ATS|) 17044

Non-ATS! 45 -4.99 (-10.38, 0.39) -0.013 0.069

(Significant P-values are boldfaced).

standard deviation increase for the cognitive ability test.
For the UMAT we now report quantitatively comparable
results, with an estimated increment at the first re-sit of
approximately two fifths of a standard deviation from
the first test and a further one fifth of a standard devi-
ation at the second re-sit. For a candidate at the 50™
percentile in the first test this would have translated to
an increase to the 60™ percentile at the second test and
to the 63" percentile at the third test. Our results com-
plement and extend previous reports which have been
conducted on a substantially smaller scale [2,4]. Given
that 13.5% of students over the 13 years of observation
were re-sitting the test these practice effects may be of
sufficient magnitude and prevalence to warrant re-
consideration in current approaches to medical student
selection in Australia and New Zealand.

Practice effects that improve performance in cognitive
tests may arise from a number of different potential
sources. The authors of the 2012 ACER report on the
UMAT [2] favoured issues associated with repetition,
such as less confusion because of test preparation and
increased familiarity with the test, which may reduce

anxiety and improve performance (so called construct ir-
relevant factors). This understanding of practice effects
would lead to the conclusion that the first test score was
not a true reflection of the candidate’s ability because of
confounding by these factors, and that the construct val-
idity of the test was therefore unchanged on re-testing.
However, this cannot be assumed as the entire explan-
ation without further scrutiny. Indeed when item level
data were carefully analysed in the cognitive test used
for selection of medical students in Belgium [10] it was
concluded that re-testing actually led to a change in the
measurement properties of the test, such that the pre-
dictive validity of the re-test score in relation to aca-
demic performance in the first 3 years at medical school
was compromised. Evidence for the hypothesis that re-
testing and practice effects can alter the psychometric
properties and subsequent predictive validity in cognitive
tests has been reported by others [11,12] but not by all
observers [13]. If practice effects influence the psycho-
metric properties of a test of cognitive ability then the
underlying principle of stability of construct relevant
variance of the test is violated and calls into question its
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Table 2 Multivariate linear regression for change in UMAT-1 score from first sit to second sit (N =17,089, r* = 0.153)

Predictor variable (reference group in brackets) N B (95% Cl) Beta P-value
UMAT-1 Score Percentile Test 1 17089 -0.31 (-0.32, -0.30) -0.399 <0.001
Number of years between tests 17089 -0.06 (-0.33,0.22) -0.003 0.686
Age (< 16 yr of age) 222

17 yr 5958 -1.82 (-4.38,0.75) -0.042 0.165

18 yr 7209 -3.01 (-5.57,-045) -0.072 0.021

19 yr 1682 -6.14 (-8.85, -343) -0.088 <0.001

20-30yr 1749 -991 (-12.60, -7.22) -0.144 <0.001

> 30 yr 269 -12.25 (-15.68, -8.83) -0.073 <0.001
Gender (Females) 9463

Males 7626 238 (1.79, 2.96) 0.057 <0.001
Language spoken at home (English) 10726

Asian Languages 5611 -348 (-4.13,-2.83) -0.079 <0.001

European Languages 349 -3.17 (-5.22,-1.13) -0.022 0.002

Other Languages 403 -5.33 (-7.26, -341) -0.039 <0.001
School type (Government) 8911

Catholic 2565 -1.51 (-2.37,-065) -0.026 0.001

Independent 5102 045 (-0.24, 1.13) 0.010 0.203

Other 84 -2.54 (-441,-067) -0.019 0.008

TAFE 427 -2.32 (-6.49, 1.85) -0.008 0.275
Country (Australia) 12522

New Zealand 4436 0.74 (0.02, 1.45) 0.015 0.045

Other Country 131 141 (-1.91,4.72) 0.006 0.405
Aboriginal & Torres Strait Islander (ATS/) 17044

Non-ATS! 45 -2.80 (-840, 2.81) -0.007 0328

(Significant P-values are boldfaced).

subsequent predictive validity and utility in selection
[13]. Item level analysis for questions delivered in con-
secutive tests is therefore now required to better delineate
the extent to which the practice effects in the UMAT de-
scribed here reflect construct irrelevant factors versus
construct relevant factors.

A separate analysis of the high achieving candidates in
the 2012 ACER report [2] identified an actual decrease
in UMAT performance rather than an increase, raising
the possibility that a substantial proportion of any prac-
tice effect may simply represent regression to the mean.
This result is similar to the outcome we have seen when
comparing candidates in the highest quartile of perform-
ance in the UMAT and each of its subsections to those
in the lowest quartile. However, when 2 previous studies
were re-analysed to better understand the potential in-
fluence of regression to the mean on practice effects in
cognitive ability tests [1], it was estimated that less than
10% of the practice effect size could be attributed to
regression to the mean.

The practice effects identified on re-sitting the UMAT
may at least in part represent improvements secondary

to either coaching and/or practice between attempts.
They may also have been confounded by coaching and/
or practice before the first attempt itself which would
serve to mitigate any improvement seen at a subsequent
attempt. Such coaching in Australia is reported to be as
high as 56% of all candidates [3] while for the Medical
College Admission Test (MCAT), widely used for medical
student selection in North America, a review identified 4
studies in the area where the prevalence of coaching was
22%, 25%, 38% and 72% of candidates respectively [14].
We have not been able to measure such potential influ-
ences in this study. However, Griffin et al. [15], in a
study of 287 applicants to the School of Medicine at the
University of Western Sydney, reported that in the
51.4% of the cohort who had prior UMAT coaching,
there was no coaching effect on UMAT-1 and UMAT-2.
However, there was evidence of a small coaching effect
on UMAT-3 (approximately 3.8% increase in score).
This was not significant after adjustment for prior aca-
demic performance, age and gender. In a subsequent
study [3] they assessed UMAT performance in 402 students
from 31 Australian secondary schools who completed
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Table 3 Multivariate linear regression for change in UMAT-2 score from first sit to second sit (N = 17,089, r* = 0.227)

Predictor variable (reference group in brackets) N B (95% Cl) Beta P-value
UMAT-2 Score Percentile Test 1 17089 -0.31 (-0.32, -0.30) -0494 <0.001
Number of years between tests 17089 -0.06 (-0.33,0.22) 0.033 <0.001
Age (< 16 yr of age) 222

17 yr 5958 -1.82 (-4.38,0.75) -0.004 0.884

18 yr 7209 -3.01 (-5.57,-045) -0.028 0.352

19 yr 1682 -6.14 (-8.85, -343) -0.041 0.031

20- 30 yr 1749 -991 (-12.60, -7.22) -0.068 <0.001

> 30 yr 269 -12.25 (-15.68, -8.83) -0.014 0.161
Gender (Females) 9463

Males 7626 238 (1.79, 2.96) -0.082 <0.001
Language spoken at home (English) 10726

Asian Languages 5611 -348 (-4.13,-2.83) -0.170 <0.001

European Languages 349 -3.17 (-5.22,-1.13) -0.022 0.001

Other Languages 403 -5.33 (-7.26, -341) -0.066 <0.001
School type (Government) 8911

Catholic 2565 -1.51 (-2.37,-065) -0.008 0.262

Independent 5102 045 (-0.24, 1.13) 0.025 0.001

Other 84 -2.54 (-441,-067) -0.024 0.001

TAFE 427 -2.32 (-6.49, 1.85) -0.006 0.361
Country (Australia) 12522

New Zealand 4436 0.74 (0.02, 1.45) -0.010 0.181

Other Country 131 141 (-1.91,4.72) 0.003 0612
Aboriginal & Torres Strait Islander (ATS/) 17044

Non-ATS! 45 -2.80 (-840, 2.81) -0.008 0227

(Significant P-values are boldfaced).

the UMAT in their final secondary school year. Again
only the UMAT-3 score exhibited an improvement in
the 56.2% of the cohort who had been coached, with an
increment in mean score of approximately 7.7%. After
controlling for prior academic performance, gender and
school type, the effect of coaching was again no longer
significant. Of interest, however, there was an interaction
between prior academic performance and coaching, in
that those with higher academic performance performed
better with coaching on UMAT-3, while those with weaker
academic performance performed worse. Similar results
have been reported from New Zealand [4] where a com-
mercial preparation course was shown to have no effect
on UMAT-1, UMAT-2 or total UMAT score but UMAT-3
scores increased by 7.1 % in those with no preparation
course compared to 16.5% in those who participated in a
preparation course. The overall conclusion from these
studies is that coaching and practice between sitting and
re-sitting the UMAT have had little if no effect on
UMAT-1 and UMAT-2 while the effect on UMAT-3 has
been relatively small and insufficient to influence the over-
all UMAT score utilised for medical student selection.

While not always explicitly acknowledged, and not a
part of classical test theory, tests of aptitude or proficiency
are composed of items differing in difficulty, with the eas-
ier items generally at the beginning of a test. The expect-
ation is that the more able students will answer correctly,
not only the easier items which the less able students will
be able to answer correctly, but in addition, more difficult
items which the less able will not be able to answer cor-
rectly. Answering the more difficult items, in addition to
the easier items, implies a greater understanding on the
variable of assessment. In the terminology of Chomsky
[16], who distinguished between competence and perform-
ance where the latter is an imperfect indicator or mani-
festation of the former, not only do the students with a
higher score have a better performance, but the higher
performance implies greater competence. The practice
effects in test administration, especially in longitudinal
research design, and perhaps in high stakes testing, have
been viewed in the literature as detrimental to the valid-
ity of the testing [17]. In particular, using Chomsky’s
terminology again, it is implied that the student’s score
on a second occasion is inflated in performance relative
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Table 4 Multivariate linear regression for change in UMAT-3 score from first sit to second sit (N = 17,089, r* = 0.270)

Predictor variable (reference group in brackets) N B (95% Cl) Beta P-value
UMAT-3 Score Percentile Test 1 17089 -0.49 (-0.50, -0.48) -0.525 <0.001
Number of years between tests 17089 -3.13 (-3.44, -2.82) -0.130 <0.001
Age (< 16 yr of age) 222

17 yr 5958 0.11 (-2.83, 3.06) 0.002 0.939

18 yr 7209 -1.09 (-4.03, 1.85) -0.021 0467

19 yr 1682 -6.33 (-944, -3.22) -0.073 <0.001

20-30yr 1749 -9.72 (-12.80, -6.63) -0.115 <0.001

> 30 yr 269 -11.99 (-15.93, -8.06) -0.058 <0.001
Gender (Females) 9463

Males 7626 3.65 (2.98, 4.33) 0.071 <0.001
Language spoken at home (English) 10726

Asian Languages 5611 -0.54 (-1.27,0.19) -0.010 0.145

European Languages 349 -3.28 (-5.63, -0.93) -0018 0.006

Other Languages 403 -440 (-6.59, -2.20) -0.026 <0.001
School type (Government) 8911

Catholic 2565 -1.61 (-2.60, -062) -0.022 0.001

Independent 5102 1.01 (0.22, 1.80) 0.018 0.012

Other 84 -3.28 (-543,-1.14) -0.020 0.003

TAFE 427 -394 (-8.72,0.84) -0.011 0.106
Country (Australia) 12522

New Zealand 4436 1.89 (1.07, 2.72) 0.032 <0.001

Other Country 131 3.06 (-0.74, 6.86) 0.010 0.114
Aboriginal & Torres Strait Islander (ATS/) 17044

Non-ATS/ 45 -5.25(-11.68, 1.19) -0.010 0.110

(Significant P-values are boldfaced).

to the student’s competence. In other more colloquial
terms, there has been learning/teaching to the test, ra-
ther than improved understanding of the variable to be
assessed by the test. Taking the perspective that greater
competence implies answering correctly, not only the
easy items, but also the more difficult items, this detri-
mental perspective implies that the effect of practice is
to be able to answer the more difficult items, as well as
the easier items, without having improved in compe-
tence. For the UMAT we identified that the major prac-
tice effect was between the first and second test, with a
smaller but still significant improvement by the third
test. No further improvement was seen with further re-
testing. Others who have investigated the nature of
practice effects of re-testing in other settings have also
observed the largest increment with successive testing
is between the first and second occasion [18]. The key
observation in that study, however, was that on the sec-
ond occasion of testing, the increased total score was a
result of students answering correctly relatively easy
items and not the difficult items. Thus they increased
their performance, as evidence by their total score, but

not their competence. An increase in performance, ra-
ther than competence, has implications for understand-
ing the effects of practice on repeated testing, and
further, may have implications for the kind of practice
that is provided to ensure that students who sit only
once are not disadvantaged relative to those who sit a
second time. On the other hand, if not only perform-
ance, but apparent competence is improved, then it
would indicate that not only has practice eliminated er-
