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Abstract

Background: Although used widely, there is limited evidence of the BioMedical
Admissions Test's (BMAT) predictive validity and incremental validity over prior edu-
cational attainment (PEA). We investigated BMAT's predictive and incremental valid-
ity for performance in two undergraduate medical schools, Imperial College School of
Medicine (ICSM), UK, and Lee Kong Chian School of Medicine (LKCMedicine),
Singapore. Our secondary goal was to compare the evidence collected with published
evidence relating to comparable tools.

Methods: This was a retrospective cohort study of four ICSM (1188 students, enter-
ing 2010-2013) and three LKCMedicine cohorts (222 students, 2013-2015). We
investigated associations between BMAT Section 1 (‘Thinking Skills’), Section 2
(‘Scientific Knowledge and Applications’) and Section 3a (‘Writing Task’) scores, with
written and clinical assessment performance across all programme years. Incremental
validity was investigated over PEA (A-levels) in a subset of ICSM students.

Results: When BMAT sections were investigated independently, Section 2 scores
predicted performance on all written assessments in both institutions with mainly
small effect sizes (standardised coefficient ranges: ICSM: 0.08-0.19; LKCMedicine:
0.22-0.36). Section 1 scores predicted Years 5 and 6 written assessment perfor-
mance at ICSM (0.09-0.14) but nothing at LKCMedicine. Section 3a scores only
predicted Year 5 clinical assessment performance at ICSM with a coefficient <0.1.
There were no positive associations with standardised coefficients >0.1 between
BMAT performance and clinical assessment performance. Multivariable regressions
confirmed that Section 2 scores were the most predictive. We found no clear evi-
dence of incremental validity for any BMAT section scores over A-level grades.
Discussion: Schools who wish to assess scientific knowledge independently of A-
levels may find BMAT Section 2 useful. Comparison with previous studies indicates
that, overall, BMAT seems less useful than comparable tools. Larger scale studies are
needed. Broader questions regarding why institutions adopt certain admissions tests,

including those with little evidence, need consideration.
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1 | BACKGROUND

Selection into medical school is ‘high-stakes’. It is high stakes for
individual applicants because medical training substantially shapes
their lives and careers; for stakeholders in medical education
because training doctors is expensive in terms of time and money;
and for the general population because the skill and composition
of the medical workforce has implications for population health.!™

Medical school selection processes thus aim to identify the ‘best’
applicants: those who will do well on medical school and other assess-
ments necessary for progression; become competent clinicians; and
deliver care that meets the health care needs of diverse populations.*~®
How to define ‘best’ continues to be actively debated,”® and there is
increasing awareness that definitions may differ by context.* However,
in practical terms, schools across the world are regularly required to
select the best candidates from a pool of well-qualified applicants,
many of whom also possess the personal qualities considered desirable
in a medical student and doctor.>’ For example, in 2019, 22 340 appli-
cants applied to study medicine in the UK, with only 9409 places avail-
able.2®1* To make admissions decisions, medical schools typically draw
on information gathered via a range of tools, which together make up
their selection process. These tools may include academic records
(e.g., pre-university or prior educational attainment [PEA]), interviews
or multiple-mini interviews, personal statements, aptitude or other
admissions tests, and references.*>

Admissions tests have become increasingly common worldwide in
medical selection.>'? The advantages of admissions tests include
offering a standardised measurement of all applicants on the same
scale, distinguishing between applicants performing similarly in terms
of PEA, measuring properties that are specifically relevant to medicine
that may not be well measured by PEA, and widening access to medi-
cine by offering a ‘level playing field’ by using tests that are (or are
claimed to be) less affected by educational background and social
class than PEA.X

The research evidence on the relative strengths of admissions
tests and other medical school selection tools varies in its quality and
quantity, and there are clear gaps in our understanding of the utility of
some specific tools.*> This is a major issue. Although every admissions
tool must be considered in the context of how and why it is used,”1?
it is critical to understand the psychometric properties of each individ-
ual tool. In reference to Kane's validity framework, this equates to
evaluating whether a specific assessment tool (selection being the first
assessment of medical school®) delivers what it claims, by testing
those claims against empirical evidence.!* In contexts like the
United Kingdom, where medical schools can choose what admissions
test to adopt, it is also useful to compare the properties of different
admissions tests to inform decisions as to which tool is most fit for
purpose.

In this paper, we examine a specific example of an admissions
test, one which is currently used by more than 40 medical schools
globally, but for which there is very limited evidence of its psychomet-
ric values: the BioMedical Admissions Test (BMAT).*® A short descrip-
tion of BMAT is provided in Box 1.

Box 1 The Biomedical Admissions Test (BMAT)

The BMAT was designed to assist in the student selection
process specifically for a number of ‘traditional’ UK (English)
medical courses with clear pre-clinical and clinical phases
and a strong focus on science teaching in the early years. It
is positioned as assessing “academic readiness for demand-
ing science-based study, not fitness to practise. It measures
fundamental scientific understanding and clearly defined,
learnable skills that medical admissions tutors regard as
important to course success” (p. 559).2° It comprises three
sections. Section 1, ‘thinking skills’, measures skills in ‘prob-
lem-solving, argument comprehension, data and graphical
interpretation and inference’.X® Section 2, ‘scientific knowl-
edge and applications’, assesses knowledge of core mathe-
matics, biology, chemistry and physics to the level of age-16
qualifications. Section 3, the ‘writing task’, requires test
takers to answer one of three short essay questions in
30 min. Initially, Section 3 was not marked by the test pro-
vider and it was used “only as a piece of qualitative evi-
dence and to promote discussion during the interview”
(p. 42559/60).1

BMAT was first introduced in 2000, at the University of
Cambridge, UK, in response to concerns that traditional academic
selection tools were socially biased and unable to distinguish between
applicants to medicine because of grade inflation. At the time of carry-
ing out the current study more than 20 years later, only two papers
had been published focusing on the validity of BMAT with respect to
performance during medical school. These used data from the early
2000s, from one medical school, and showed that scores on one of
the three BMAT components (Section 2) had small-moderate associa-
tions with academic performance on written, knowledge-based exami-
nations in the first 2years of a preclinical medical degree

17.18 suggesting some predictive validity. However, there

programme,
are no studies examining the association between BMAT scores and
performance in other medical schools, on clinical examinations or per-
formance in the later years of medical school. This paucity of research
contrasts sharply with that reporting on other commercially available
selection tests, such as the UCAT, formerly the UK Clinical Aptitude
Test (the most widely used admissions test in the UK).*¢*” Moreover,
the two published BMAT studies referred to above and BMAT gener-
ally have been criticised for lacking reliability and validity data, with
several authors calling for more rigorous and independent research
examining the use and properties of BMAT.2021

Although these calls for more research were more than 10 years
ago, no more studies or technical reports were published by the test
company, and no independent research was commissioned. Yet in this

time, many more medical schools from several different countries
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(e.g., Thailand, Singapore, Hungary, Croatia, etc.; see https://bmat.
edu.sg/school-list/) have adopted the BMAT, despite the very limited
evidence of its utility in the context for which it was designed,
let alone the very different contexts in which it is now used.

BMAT data have recently been included in the UK's Medical Edu-
cation Research Database (UKMED)?? and three recent studies found
some indications that BMAT scores are modestly associated with
postgraduate performance in the written components of three UK
Royal College membership examinations.?>2°> The most recent of
these studies also looked at the association between BMAT scores
and performance on the clinical assessment of the MRCP (practical
assessment of clinical evaluation skill [PACES]) and found a modest
correlation between performance on the BMAT aptitude and skills
subtest and PACES outcomes.>®> While very welcome, these studies
do not address that gap in the literature about the extent to which
BMAT predicts performance at medical school and particularly how
well it predicts early years performance (as per the test claims).

It could be argued that how well an admissions test predicts per-
formance as a doctor is more important than how it predicts perfor-
mance as a medical student, given selection into medical school is, for
all intents and purposes, selection into the profession of medicine in
most contexts. However, medical schools need to have confidence
that selection tools identify the best candidates as regards a medical
school's mission and own, more proximal, measures of performance.
Finally, around half of all BMAT test takers are students at interna-
tional universities,?® but no study has investigated its predictive valid-
ity in non-UK contexts.

Our aim in this paper is to address these gaps in the literature by
carrying out an independent study examining the predictive and incre-
mental validity of the BMAT throughout medical school for both writ-
ten and clinical examinations, using data from two medical schools,
one based in the United Kingdom and one in Singapore.

Our research questions were as follows:

1. What predictive validity does BMAT scores have for medical
school assessment performance?

2. Which section/sections of the BMAT have the most predictive
validity?

3. What incremental validity does BMAT scores have for medical
school assessment performance, over A-level performance?

4. Finally, a secondary goal of this study was to compare the evi-
dence we collected to published evidence relating to comparable
tools. We do not carry out a direct analysis but report comparisons
in the discussion, to help readers interested in admissions to con-

sider the relative utility of different admissions tests.

2 | METHODS
21 | Design

This was a retrospective observational study of data from four cohorts

of Imperial College London School of Medicine (ICSM) medical

students and three cohorts of Lee Kong Chian School of Medicine,
Singapore (LKCMedicine) students.

2.2 | Context

ICSM at Imperial College London, in its current form, was
established in 1997 through a combination of major west London
medical schools. LKCMedicine is a partnership between ICSM and
Nanyang Technological University (NTU), Singapore, taking its first
intake of students in 2013. Students graduating from LKCMedicine
are awarded a joint degree from Imperial and NTU. The MBBS
programmes in both schools are monitored according to the stan-
dards in the UK Quality Code for Higher Education (2018) of the
Quality Assurance Agency and the requirements of the UK's
General Medical Council.

The MBBS programmes at both medical schools have similar
annual gate-keeping assessments and professional requirements that
regulate student progression. The one notable difference between the
programmes is that an intercalating BSc year is mandatory at ICSM—
the core MBBS curriculum is delivered in Years 1-3, then Years 5 and
6. At the time of writing, this paper there was no intercalating year at
LKCMedicine. Instead, LKCMedicine students progress directly
through Years 1-5.

The principles underling the admissions processes at both medi-
cal schools are similar and broadly reflect widespread medical school
admissions processes.” Achieving (or being predicted to achieve) a
certain level of prior academic attainment is the first hurdle, then
applicants sit the BMAT, and a number of applicants who achieve
the qualification and BMAT expectations are invited to interview
(latterly an MMI??). Approximately three to four applicants are inter-
viewed for each place in each institution. However, prospective
medical students in the United Kingdom submit their applications
via a national system, whereas applications in Singapore are at a

local level.

2.3 | Populations

We used data from three cohorts of LKCMedicine students (2013-
2015 entrants) and four cohorts of ICSM students (2010-2013
entrants or equivalent). We followed LKCMedicine student progres-
sion from first year to graduation. At ICSM, we included students
enrolled on courses A100 (standard undergraduate Medicine course)
or A300 (Clinical Medicine, who transferred to ICSM for the clinical
years of the course (3, 5 and 6) after completing the preclinical course
at Oxford or Cambridge). Those on ICSM graduate entry programmes
were not included in this study. ICSM students must have had com-
plete assessment data for at least one of the years of the course,
excluding the intercalated BSc year (i.e., Years 1, 2, 3, 5 and 6; ICSM
intercalating data were excluded from this analysis). Where an individ-
ual repeated examinations, only their first attempts were included in

the analyses.
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24 | Assessments at ICSM and LKCMedicine

The written and clinical (OSCE) examinations were similar across the
two Schools. Data from eight assessments were included in the ICSM
data (written exams in Years 1, 2, 3, 5 and 6; clinical exams in Years
3, 5 and 6). The written assessments in Years 1 and 2 focused more
on basic science, although assessments in later years focused more on
clinical knowledge and integration of science with clinical reasoning.
There were nine assessments in LKCMedicine data (written exams in
Years 1-5, clinical exams in Years 2-5). Clinical assessments were
objective structured clinical examinations (OSCEs) and (at Imperial
only) PACES. All assessment scores were converted to percentages
prior to standardisation.

2.5 | BMAT and BMAT sections

The BMAT comprises three sections (for a full description, see Cam-
bridge Assessment Admissions Testing'® and Box 1): Section 1, ‘think-
ing Kkills’; Section 2, ‘scientific knowledge and applications’; and
Section 3, the ‘writing task’. Section 3 is marked in two parts, both
scored on a 1-5 scale: 3a scores the quality of the content, 3b scores
the quality of written English. Section 1 has face validity as a measure
of fluid intelligence (reasoning that depends minimally on prior learn-
ing), while Section 2 resembles more a test of ‘crystallised intelli-
gence’, focusing on acquired scientific knowledge.?82?

We included scores from BMAT Section 1, Section 2 and
Section 3a in the analyses. BMAT Section 3b scores showed very lim-
ited variability so were excluded from analysis: 76.0% of ICSM stu-
dents scored the maximum 5 points and 19.6% scored 4. 100% of
LKCMedicine students scored 5.

2.6 | PEA: A-level performance

Selection of medical students in the United Kingdom and elsewhere
depends heavily on measures of PEA. In the United Kingdom, there
are various qualifications, including A-levels and Scottish Qualifica-
tions Authority (SQA) Highers and Advanced Highers. We limited our
investigations of incremental validity to A-levels because these are
the most common pre-university qualifications in ICSM applicants,*°
and there is no satisfactory way to standardise analyses across differ-
ent types of pre-university attainment. Individual A-level grades were
not available for LKCMedicine students, so our investigation of incre-
mental validity used ICSM data only.

We used the following additional criteria for inclusion in incre-
mental validity analyses at ICSM: Students must have completed three
or more A-levels (A2 level), excluding general studies, critical thinking
or A-levels that had been repeated in multiple years. Following Tiffin
et al.,®! we calculated a score based on the three highest eligible A-
levels at A2 level. We used the following formula: A* = 12 points,
A = 10 points, B = 8 points, C = 6 points, D = 4 points, and E = 2
points.

2.7 | Standardising variables

Data came from multiple assessments across multiple years at both
institutions. To account for variability across years and to enable com-
parison with the wider literature on medical school admissions tests,
we z-transformed each assessment variable and BMAT variable,
within each year and institution. Data from ICSM and LKCMedicine
were analysed separately to avoid assuming the same effects across
institutions. For incremental validity analyses of ICSM data, we z-
transformed the scores for A-level attainment within each year. By
standardising variables in this way, we could express the predictive
and incremental validity of the BMAT as standardised validity coeffi-
cients, interpretable similarly to correlation coefficients. We used
Cohen's heuristics to describe coefficients as ‘small’ (0.1-0.29),
‘moderate’ (0.3-0.49) and ‘large’ (0.5-1).%2

2.8 | Statistical analyses
On the basis of our research questions, we carried out the following

analyses:

1. “What predictive validity do BMAT scores have for medical school
assessment performance?” We investigated this using a series of
univariable linear regressions (one independent and one depen-
dent variable) with each assessment as the outcome and scores on
each BMAT section as the predictor.

2. “Which section/sections of the BMAT have the most predictive
validity?” We investigated this using a series of multivariable
regressions (one dependent and multiple independent variables)
with each assessment as the outcome, in which scores on all three
BMAT sections were entered as predictors simultaneously.

3. “What incremental validity does the BMAT have for medical
school assessment performance, over A-level performance?” First,
we investigated whether A-level performance predicted ICSM
assessment performance using univariable linear regressions with
each assessment as the outcome and A-level score as the predic-
tor. We then investigated the incremental validity of scores on
individual BMAT sections over A-level performance by including
individual BMAT section scores and A-level performance as predic-
tors in multivariable linear regressions predicting ICSM assessment

performance.

In our experience, scores on medical school summative assess-
ments data tend to be negatively skewed. We therefore ran all ana-
lyses as robust regressions, in which weights are assigned to the
observations according to the size of their residual. Observations with
very small residuals were assigned a weight of 1, while observations
with large residuals had smaller weights assigned to them which lim-
ited their influence on model estimates. As sensitivity analyses, we
also ran non-robust versions of all analyses and compared the qualita-
tive patterns of results. Unless otherwise stated, there were no sub-

stantive differences between robust and non-robust analyses.
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For the main regression analyses with standardised variables, we
reported standardised regression coefficients (B) and their 95%
confidence intervals (Cls) as tests of significance. Associations were
significant if the Cls did not include 0. Cls were constructed using
bootstrapping with 10 000 samples. Bootstrapping was used to avoid
making distributional assumptions because data were generally
negatively skewed. As convention, we also reported p values based
on an approximation of the normal distribution of the test statistic in
the Supporting Information. Each set of analyses resulted in multiple
comparisons. We focused on interpretation of effect sizes
over statistical significance, so did not correct for multiple
comparisons, but given the large number of tests performed, we exer-
cise caution when interpreting associations where the Cls were close
to zero.

All analyses were implemented in R Version 4.1.0.3% Robust linear
regressions were run using the Imrob function from R package

robustbase.3*

2.9 | Ethical approval

Ethical approval was granted by the Educational Ethics Review Pro-
cess at Imperial College London in the United Kingdom (EERP
2021-009) and the NTU Institutional Review Board in Singapore (IRB-
2020-10-010).

2.10 | Data management and governance

We performed a data protection impact assessment at Imperial Col-
lege London to ensure appropriate storage, access and retention of
data from ICSM and LKCMedicine, in accordance with the UK Data
Protection Act (2018). All data were pseudonymised and stored
securely on Imperial College servers with access limited to the imme-

diate research team.

3 | RESULTS
3.1 | Data

At ICSM, the four cohorts contained 1188 students who were eligible
for inclusion in the study. One thousand eighteen (85.7%) did not
repeat years or change cohort. One hundred sixty-two students
(13.6%) appeared in two cohorts, and eights students (0.7%) appeared
in three cohorts. The three cohorts at LKCMedicine contained 222 eli-
gible students; five of whom (2.3%) appeared in two cohorts.

Table 1 shows the demographic features of the cohorts and the
numbers of students per cohort. The demographic profiles of each
cohort were similar within each institution. The cohorts were similar
within institutions in terms of gender. Students at LKCMedicine were
slightly older on average and had more variability in age, likely
explained by compulsory national service for men in Singapore. Bear-
ing in mind the different population structures in the United Kingdom
and Singapore, there were more ethnic minority students (non-white)
at ICSM compared with LKCMedicine (non-Chinese).

At ICSM, 955 (80.3%) of students had complete score data for all
summative assessments, excluding the Year 6 clinical assessments
that were disrupted by COVID-19 in 2020. There were no missing data
for any assessments at LKCMedicine. BMAT score data was available
for all LKCMedicine students but not all ICSM students. Table 2 shows
the number of eligible students who completed each assessment for
each cohort at ICSM, with the numbers and percentages with data
available for scores from the three BMAT sections. BMAT scores were
available for between 86.4% and 100% of students for each assess-
ment. We performed all analyses using complete cases data.

At ICSM, 1148 students (96.6%) had data available for pre-
university qualifications, of whom 1013 (88.2%) were eligible for ana-
lyses of incremental validity (i.e., had data for three or more A-levels
at A2 level, excluding general studies, critical thinking or A-levels that
had been repeated). Table S1 shows the combinations of three

highest A-level grades present in the data, with the prevalence of each

TABLE 1 The numbers of students and descriptive statistics of student demographics, by cohort and medical school

Institution Variable Cohort 1
ICSM Entry year 2011

ICSM N 302

ICSM N male (%) 165 (54.6%)
ICSM N non-White ethnicity (%) 110 (36.4%)
ICSM Mean (SD) age 18.6 (1.2)
ICSM Median (IQR) age 18 (1)
LKCMedicine Entry year 2013
LKCMedicine N 54
LKCMedicine N male (%) 38 (70.4%)
LKCMedicine N non-Chinese ethnicity (%) 4 (7.4%)
LKCMedicine Mean (SD) age 19.8 (0.9)
LKCMedicine Median (IQR) age 20 (1)

Cohort 2 Cohort 3 Cohort 4
2012 2013 2014

307 307 272

187 (60.9%) 176 (57.3%) 156 (57.4%)
94 (30.6%) 104 (33.9%) 85 (31.2%)
18.7(1.2) 18.7 (1.3) 18.4(0.7)
18 (1) 18 (1) 18(1)
2014 2015

78 90

48 (61.5%) 55 (61.1%)

9 (11.5%) 8 (8.9%)

19.5(0.8) 19.4 (0.8)

19 (1) 19 (1)

Abbreviations: ICSM, Imperial College School of Medicine, UK; IQR, interquartile range; LKCMedicine, Lee Kong Chian School of Medicine, Singapore.
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TABLE 2 The numbers of students who completed each assessment and the numbers and proportions with complete data available on each

section of the BMAT at Imperial College School of Medicine

Cohort Outcome N students per assessment N (%) with BMAT S1 N (%) with BMAT S2 N (%) with BMAT S3a

1 Year 1 written 273 271 (99.3%) 271 (99.3%) 255 (93.4%)
Year 2 written 262 260 (99.2%) 260 (99.2%) 244 (93.1%)
Year 3 clinical 260 257 (98.8%) 257 (98.8%) 241 (92.7%)
Year 3 written 260 257 (98.8%) 257 (98.8%) 241 (92.7%)
Year 5 written 273 252 (92.3%) 252 (92.3%) 236 (86.4%)
Year 5 clinical 273 252 (92.3%) 252 (92.3%) 236 (86.4%)
Year 6 written 269 249 (92.6%) 249 (92.6%) 233 (86.6%)
Year 6 clinical 269 249 (92.6%) 249 (92.6%) 233 (86.6%)

2 Year 1 written 270 268 (99.3%) 268 (99.3%) 268 (99.3%)
Year 2 written 260 258 (99.2%) 258 (99.2%) 258 (99.2%)
Year 3 clinical 281 262 (93.2%) 262 (93.2%) 261 (92.9%)
Year 3 written 281 262 (93.2%) 262 (93.2%) 261 (92.9%)
Year 5 written 281 260 (92.5%) 260 (92.5%) 259 (92.2%)
Year 5 clinical 281 260 (92.5%) 260 (92.5%) 259 (92.2%)
Year 6 written 269 249 (92.6%) 249 (92.6%) 248 (92.2%)
Year 6 clinical 269 249 (92.6%) 249 (92.6%) 248 (92.2%)

3 Year 1 written 270 270 (100%) 270 (100%) 270 (100%)
Year 2 written 261 261 (100%) 261 (100%) 261 (100%)
Year 3 clinical 292 273 (93.5%) 273 (93.5%) 273 (93.5%)
Year 3 written 292 273 (93.5%) 273 (93.5%) 273 (93.5%)
Year 5 written 281 258 (91.8%) 258 (91.8%) 258 (91.8%)
Year 5 clinical 280 257 (91.8%) 257 (91.8%) 257 (91.8%)
Year 6 written 282 259 (91.8%) 259 (91.8%) 259 (91.8%)
Year 6 clinical 282 259 (91.8%) 259 (91.8%) 259 (91.8%)

4 Year 1 written 269 269 (100%) 269 (100%) 269 (100%)
Year 2 written 267 267 (100%) 267 (100%) 267 (100%)
Year 3 clinical 297 274 (92.3%) 274 (92.3%) 274 (92.3%)
Year 3 written 297 274 (92.3%) 274 (92.3%) 274 (92.3%)
Year 5 written 269 269 (100%) 269 (100%) 269 (100%)
Year 5 clinical 268 268 (100%) 268 (100%) 268 (100%)
Year 6 written 265 265 (100%) 265 (100%) 265 (100%)
Year 6 clinical 0

Abbreviation: BMAT, BioMedical Admissions Test.

pattern and the associated number of points. The most common pat-
tern of A-level grades was three A*s (30% of students with A-levels).

3.1.1 | Descriptive statistics

Table S2 shows descriptive statistics for untransformed assessment
variables and BMAT variables for ICSM and LKCMedicine for each
cohort. On inspection, the distributions of assessment scores and
BMAT scores were largely comparable across the two institutions,
with most assessment performance distributions being negatively

skewed.

3.1.2 | Univariable regressions: What predictive
validity do BMAT scores have for medical school
assessment performance?

Figure 1 shows results for ICSM, and Figure 2 shows results for
LKCMedicine. Full results, including Cls and p values, are reported in
Table S3. At ICSM, BMAT Section 1 scores showed very small associ-
ations with written assessment performance at ICSM in Years 1 and
5 (coefficients < 0.1) and a small association with written assessment
performance in year 6 (coefficient = 0.14, 95% Cl 0.08-0.21). At
LKCMedicine, BMAT Section 1 scores showed no associations with

any assessment outcomes.
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FIGURE 1 The standardised regression coefficients from

univariable robust linear regressions investigating associations
between individual BioMedical Admissions Test (BMAT) sections and
assessment performance at ICSM. The bars indicate the 95%
bootstrap Cls of the standardised coefficient (BMAT

Section 1 = ‘thinking skills’, BMAT Section 2 = ‘scientific knowledge
and applications’, BMAT Section 3a = writing content of the ‘writing
task’)

At both LKCMedicine and ICSM, scores on BMAT Section 2 were
significantly associated with higher performance on all written assess-
ments. These coefficients became statistically non-significant
(p > 0.05) once the potential influence of PEA was controlled for in

the regression. At ICSM, there were small associations with written
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FIGURE 2 The standardised regression coefficients from
univariable robust linear regressions investigating associations
between individual BioMedical Admissions Test (BMAT) sections and
assessment performance at LKCMedicine. The bars indicate the 95%
bootstrap confidence intervals of the standardised coefficient (BMAT
Section 1 = ‘thinking skills’, BMAT Section 2 = ‘scientific knowledge
and applications’, BMAT Section 3a = writing content of the ‘writing
task’)

assessment performance in Years 1, 2, 3 and 6 (coefficients ranging
from 0.15-0.19) and an association with coefficient <0.1 in Year 5. At
LKCMedicine, there were moderate associations between BMAT
Section 2 scores and written assessment performance in Years 1 and
2 (coefficients = 0.36, 95% Cl 0.24-0.48; 0.31, 95% CI 0.18-0.45,
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respectively), and small associations with written assessment
performance in all later years (coefficients ranging from 0.22-0.23).
There was a small negative association between BMAT Section 2
scores and clinical assessment performance at LKCMedicine
(coefficient = —0.19, 95% Cl —0.3 to —0.07). There were no associa-
tions between BMAT Section 2 scores and performance on any other
clinical assessments at either institution.

At ICSM, BMAT Section 3a scores were significantly associated
with higher performance on Year 5 clinical exams at ICSM, but with a
coefficient <0.1. At LKCMedicine, scores on BMAT Section 3a

showed no associations with any assessment outcomes.

3.1.3 | Multivariable regressions: Which section/
sections of the BMAT have the most predictive
validity?

At ICSM, scores on all sections of the BMAT showed significant but
small rank correlations (Sections 1 and 2: rho = 0.27, p < 0.0001;
Sections 1 and 3a: rho =0.10, p = 0.0004; Sections 2 and 3a:
rho = 0.11, p < 0.0001). At LKCMedicine, only BMAT Sections 1 and
2 scores showed a rank correlation (rho = 0.31, p < 0.0001). There
were no significant correlations between scores on Sections 1 and 3a
or 2 and 3a.

To investigate which of the BMAT variables had the most predic-
tive utility, we included scores from Sections 1, 2 and 3a simulta-
neously in a further set of robust linear regressions. Full results are
shown in Table S4. The results were similar to those of univariable
analyses above. At ICSM, we found small associations between BMAT
Section 2 scores and written assessment performance in Years 1, 2,
3 and 6 (coefficients ranging from 0.14-0.16), and an association of
effect size <0.1 with written assessment performance in Year 5. At
ICSM, we found a small association between BMAT Section 1 scores
and Year 6 written assessment performance (coefficient = 0.11, 95%
Cl 0.05-0.17). We also found a significant association of effect size
<0.1 between BMAT Section 3a scores and Year 5 clinical assessment
performance.

At LKCMedicine, we found significant associations between
BMAT Section 2 scores and written assessment performance in all
years, which were moderate for Years 1 and 2 (coefficients 0.37, 95%
Cl1 0.24-0.5; 0.33, 95% CI 0.19-0.46, respectively) and small for years
3-5 (coefficients ranging from 0.21-0.24). We found a small negative
association between BMAT Section 2 scores and Year 2 clinical
assessment performance (coefficient = —0.18, 95% ClI —0.31 to
—0.05).

3.1.4 | Whatincremental validity do BMAT scores
have for medical school assessment performance, over
A-level performance?

We investigated incremental validity over A-level attainment in the
ICSM data. In a series of robust linear regressions with A-level

scores as the predictor, we found moderate associations between
A-level scores and written assessment performance in Years 1, 2,
3 and 6 (coefficients ranging from 0.34-0.43) and a small
association with written assessment performance in Year
5 (coefficient = 0.26, 95% CI 0.2-0.32). We found small associa-
tions between A-level performance and performance on all clinical
assessments (coefficients ranging from 0.1-0.2). Full results are
shown in Table S5.

We then included scores from each BMAT section and A-level
score as predictors in a series of robust linear regressions with
assessment performance as the outcome (Figure 3). Full results are
shown in Table S6. When adjusting for A-level scores, we found
significant associations of effect size <0.1 between BMAT
Section 2 scores and written assessment performance in Year
6 and BMAT Section 3a scores and clinical assessment perfor-
mance in Year 5. Importantly, we found no associations with effect
size over 0.1. We also found significant negative associations (coef-
ficients ranging from —0.08 to —0.1) between BMAT Section 2
scores and clinical assessment performance in Years 3 and 6. -
Sections 1 scores showed no significant associations with assess-
ment performance after adjusting for A-level performance. We
therefore found no clear evidence of incremental validity of BMAT
scores for predicting assessment performance over attained A-level

scores.

4 | DISCUSSION

This is the first independent study examining the predictive validity of

k,1* we tested

the BMAT. With reference to Kane's validity frameworl
the predictive validity of BMAT scores for performance in the
science-focused early years of medical school. With reference to the
bigger picture of medical school selection—as a gateway into the
profession—we also examined whether BMAT performance was asso-
ciated with performance in the later years and on clinical assessments
(OSCEs). We were able to answer these questions using data from
two medical schools located in different countries and with different
student populations but with very similar admissions processes and
degree programmes. Furthermore, we examined the incremental
validity of BMAT over prior attainment (A-level performance) in the
UK dataset.

We will discuss the predictive validity of each section of the
BMAT in turn, comparing our findings with published data from other
medical school admissions tests. These include tests positioned for
use with undergraduate medical programmes, and which focus on
assessing aptitude—specifically the University Clinical Aptitude Test>®
(UCAT, formerly UKCAT) and the Undergraduate Medicine and
Health Sciences Admissions Test®>® (UMAT). We also compared the
BMAT to two admissions tests aimed at selection into graduate medi-
cal school, and which claim to assess knowledge rather than aptitude:
the pre-2015 and newer versions of the Medical College Admissions
Test®” (MCAT) and Graduate Australian Medical School Admissions
Test® (GAMSAT).
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ICSM: Incremental Validity of BMAT Section 1
over A-Levels
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FIGURE 3 The standardised regression coefficients from
multivariable robust linear regressions investigating how individual
BioMedical Admissions Test (BMAT) sections and A-level
performance predicted assessment performance at Imperial College
School of Medicine (ICSM). Only coefficients for associations
between BMAT sections and assessment performance are shown, for
clarity. The bars indicate the 95% bootstrap confidence intervals of
the standardised coefficient. Triangles show the unadjusted
coefficients from univariable analyses, for comparison. Circles show
the coefficients after adjusting for A-level performance (BMAT
Section 1 = ‘thinking skills’, BMAT Section 2 = ‘scientific knowledge
and applications’, BMAT Section 3a = writing content of the ‘writing
task’)

4.1 | Section 1: Weak evidence of predictive
validity, not as strong as other admissions tests

Our findings suggest that Section 1 of the BMAT (‘thinking skills’)
underperforms with respect to both predictive and incremental
validity. Scores on BMAT Section 1 had standardised validity

coefficients <0.1 for written assessment performance in Years 1 and
5 and a small standardised coefficient (0.14) for Year 6 written
assessment performance at ICSM only. BMAT Section 1 scores had
no predictive validity for written assessments at LKCMedicine and
no predictive validity for clinical assessments in either institution.
We (and others) posit that BMAT Section 1 seems to test fluid
intelligence.?>171820 Yet in these cohorts it predicted performance
at medical school less than the fluid intelligence components of, for
example, UCAT 1619.39:40

Importantly, these last two studies found evidence of incremental
validity of the UCAT over PEA, whereas we found no incremental
validity for BMAT Section 1 scores over A-levels. This suggests that
BMAT Section 1 is not as useful as UCAT for predicting performance
over and above A-level scores.

4.2 | Section 2: Some predictive but little
incremental validity

Scores on Section 2 of the BMAT, measuring ‘scientific knowledge
and applications’, predicted performance on all written exams across
both institutions. This is consistent with patterns reported in the two
existing BMAT studies'”*® and similar to that seen in the pre-2015
MCAT and GAMSAT.***2 However, the standardised coefficients
were mostly small (in univariable analyses, see Table S3 and Figures 1
and 2), ranging from 0.08-0.19 at ICSM and 0.22-0.36 at
LKCMedicine.

The standardised coefficients of BMAT Section 2 scores were
comparable to those found for UCAT predictive validities (mainly
small [0.1-0.29] but some moderate [0.3-0.49] coefficients'®?) and
similar to, or exceeding, UMAT predictive validity (variable coeffi-
cients, ranging from non-predictive to coefficients of around 0.24%43),
BMAT Section 2 predictive validity falls below the moderate-large
validity coefficients found for the new MCAT (~0.5-0.7)** and for
the pre-2015 MCAT for final exams (~0.5 for the science sections).*
It appears comparable to the science sections in the GAMSAT (coeffi-
cient ~0.2)*? and the pre-2015 MCAT for preclinical performance
(coefficients ~ 0.2-0.3).** When associations between scores on all
BMAT sections and assessment performance were considered simul-
taneously in multivariable regressions, only Section 2 had a consistent
pattern of predictive validity for written assessments across both
institutions.

Importantly, we found no convincing evidence of incremental
validity over attained A-levels. The only positive association between
BMAT Section 2 scores and assessment performance, after adjusting
for attained A-levels, was with written performance in Year 6 at ICSM
only, with a standardised coefficient <0.1. We also found two nega-
tive associations of BMAT Section 2 scores with clinical assessment
performance in Years 3 and 6 (coefficients ranging from —0.1 to
—0.08). Given the large number of comparisons made and the small
effect sizes, we do not interpret these as strong evidence that BMAT
Section 2 performance is a negative predictor of clinical assessment

performance. The overall pattern was of no clear incremental validity
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of BMAT Section 2 scores over attained A-levels for medical school
assessment performance.

In summary, scores on Section 2 of BMAT have some predictive
utility for medical school performance in written exams without
adjusting for PEA, with effect sizes similar to those of other admis-
sions tests. The predictive validity of BMAT Section 2 scores is small-
moderate, similar to UCAT, UMAT and the science section of
GAMSAT. Contrary to the assertion by BMAT that A-level perfor-
mance has insufficient variability to distinguish students,*® we found
that A-level performance predicted performance on all written and
clinical assessments (coefficients from 0.26-0.43 for written assess-
ments and 0.1-0.2 for clinical assessments). Scores on Section 2 of
BMAT did not clearly predict anything over and above PEA, perhaps

because both are largely indices of attainment.

4.3 | Section 3a: No evidence of predictive utility
We found one association between scores on BMAT Section 3a (writ-
ing quality of the ‘writing task’) and clinical assessment performance
in Year 5 at ICSM with a standardised coefficient <0.1, and no associ-
ations between performance on this section and performance on any
assessment at LKCMedicine. We therefore consider that we found no
consistent evidence of predictive utility for BMAT Section 3a. This
mirrors similar findings for writing tasks within the pre-2015 MCAT*!
and GAMSAT.*?

In summary, we found evidence that BMAT Section 2 was consis-
tently predictive of medical school performance on written
assessments, but the associations were mainly small and appeared to
offer little over the predictive utility of actual A-level grades. Scores
on Sections 1 and 3a appeared to be of little use in terms of predictive
or incremental validity. Our comparison with previous published liter-
ature suggests BMAT has less utility than other widely used admis-

sions tests.

4.4 | Strengths and limitations

This study has several strengths. It is a reasonably large, two-centre,
international study using multiple cohorts and investigating associa-
tions with both written and clinical assessment performance through-
out medical school. The two schools studied align with BMAT's
market positioning: They have with a strong emphasis on science
teaching in the first 2 years and are undergraduate entry programmes,
and most of their applicants have A-levels as the main indicator of
PEA. The patterns, in terms of predictive validity, were similar across
the two centres, which may reflect common characteristics in their
core curricula, given that LKCMedicine is a partnership between
Imperial College and NTU.

Importantly, we investigated incremental validity over the most
common type of pre-university qualification in the United Kingdom.
We focused on adjustment for PEA only because, as has been dis-

23,39,45

cussed in similar studies on other admissions tests, it is the only

aspect of admissions that can be quantified in a relatively standardised
way. Finally, we used robust statistical methods.

Of course, our study has several limitations. First, our data will
be subject to range restriction, whereby we only had data available
for successful applicants (see McManus et al.*® for a full discussion
of this issue of construct-level predictive validity). We could not
adjust for this without knowing properties of the full distribution of
applicants and not just entrants (successful applicants), which was
not available to us. Range restriction could be expected to attenu-
ate associations between predictors and outcomes, so validity coef-
ficients might be expected to increase as has been found for
UCAT.*® We have attempted to mitigate this by comparing our
coefficients to uncorrected coefficients in the literature. Second,
we did not adjust for possible grade inflation changes across
cohorts. However, the study time period was relatively short, and
so we believe this would not be a significant confounding factor.*”
Finally, issues of the fairness of the BMAT were mostly beyond the
scope of the current study because of the complexity in comparing
socio-economic backgrounds across countries and require further
study.

45 | Suggestions for future research and practice
This was the first international study examining the validity of the
BMAT. We found similar patterns of findings across two institu-
tions, but extreme caution must be taken when transferring an
admissions test (or any standardised measure) from one context to
another.* Related to this, BMAT is marketed internationally, but
there is no published research looking at the associations between
BMAT and indices of attainment in the range of countries where it
is used (e.g., Thailand's Advanced National Educational Test) or prior
degrees where it is used for selection into graduate entry
programmes. We call for collaboration across schools using BMAT
to enable a more comprehensive examination of the extent to
which this test predicts medical school—and postgraduate—
performance in different student populations across different coun-
tries. More generally, studies are needed to examine patterns and
relationships between prior attainment and performance for any
admissions test that is used outside the contexts for which they
were developed.*®

We also consider practical issues. First, the ethical implications
of requiring candidates to pay for, and prepare for, a test in which
two of its three sections have little to no predictive validity should
be considered. Is it ethical to require applicants take a test that is
demanding in terms of cost, preparation time and associated stress,*®
if it is of limited usefulness when assessed on its objectives—
especially in comparison to A-levels? This economic/ethical issue is
not unique to BMAT. Although some countries and systems offer
financial support for less affluent applicants, this is not always avail-
able, so the cost of sitting an admissions test may represent a barrier
to application for some groups and individuals, perpetuating

inequalities.*” 52
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Second, medical schools are constrained by their wider systems
and timelines. In the United Kingdom, for example, most prospective
students only have teacher-predicted grades at the point of applying
to study medicine through the national university admissions system
(the issues with predicted grades are beyond the remit of the current

2353) |t is not feasible to interview

paper, but are discussed elsewhere
every applicant who has been predicted to obtain the necessary aca-
demic requirements.> Selection tests represent a relatively cheap and
acceptable method (from the selector's perspective) to compare and

select applicants for interview,*48:54

thus whittling down the numbers
of applicants to manageable numbers. This is a reality of the selection
process but raises another point for consideration. Defending the use
of BMAT and other selection tests needs to be considered within the
framework of local structures. For example, in the United Kingdom,
research that looks at BMAT's incremental validity in relation to
teacher-predicted grades not just actual grades is necessary given the
selection process mostly occurs pre-qualification. If not, then is it ethi-
cal to expect applicants to pay for any admissions test if the only util-
ity of these tests is an administrative one, for the medical school to
manage numbers of applicants? It is also difficult to defend rejecting
(or indeed making an offer to) an applicant based on performance on
any test that has low predictive utility for how well an individual will
perform at medical school and does not add further predictive utility
over PEA.

This leads us to the bigger issues. Any new admissions test or tool
cannot be expected to have a sound evidence base—evidence has to
be accumulated over time. We believe test companies have the ethi-
cal responsibility to encourage and support independent research
examining the psychometric properties of their tools, particularly
where the tool is funded from applicant fees. This has been managed
quite successfully by some admissions test companies (e.g., UCAT
https://www.ucat.ac.uk/research/ and MCAT https://www.aamc.org/
services/mcat-admissions-officers/mcat-validity-research), less so by
others (BMAT clearly, and similarly CASPER https://caspertestprep.
com/blog/casper-test-review). Moreover, working from the position
that the use of any admissions test is a necessary part of medical
school selection processes in contexts where there are more appli-
cants with the required PEA than there are places, which test is best?
And what is ‘best’? The predictive and incremental validity of admis-
sions tools are one consideration. However, other factors like stake-
holder views, context and the goals and mission of the medical school
must be taken into account when considering whether to use a selec-
tion test, and if so, which one to use.*>” Our experience at the
coalface of selection and as selection researchers suggests that the
hard sell of commercially available products and/or the ‘reflected
glory’ of using an admissions test associated with a high-status uni-
versity may, for some, be more influential than its psychometric prop-
erties. These and other reasons why institutions adopt certain
admissions tests, including those with little evidence of utility, merit
in-depth qualitative exploration.

Second, what are we selecting for? We would argue that med-
ical schools are not selecting applicants who are ready for demand-

ing science-based study per se. They are identifying applicants who

have the capability to become doctors, not just pass science
courses. To use a test that in practice assesses only science
knowledge (Section 2) either assumes other parts of the selection
process will do the job of assessing personal qualities, or privileges
science knowledge as being more important than personal qualities
befitting a career in medicine such as compassion, team working
skills and integrity.125>5¢ Of course, other tools may be more
appropriate for assessing personal qualities.> However, typically
applicants have to reach a threshold on tests such as BMAT to
even be invited for further assessments, and many medical schools
only use PEA and/or a selection test to make offers. Therein lies
the dilemma.

5 | CONCLUSION

This paper has provided evidence for the predictive and incremental
validity of the BMAT. Schools who wish to assess scientific knowl-
edge, independently of A-levels, may find Section 2 useful. However,
overall, BMAT seems less useful than comparable tools. Future work
should examine the value of BMAT on a larger scale and in other con-
texts and investigate group-level differences in BMAT performance.
This study also highlights broader questions and the need for research
exploring why institutions adopt admissions tests, including those
with little evidence of utility.
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