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2.1 Introduction

The test taker sits at the heart of any assessment event and ensuring that their
needs are met is central to the fitness for purpose of an assessment. In this
chapter we discuss the importance of the test provider having a sound under-
standing of the nature of the population for whom the test is intended. The
BMAT test taker population is homogenous in some respects, because the
majority of candidates are school leavers of a specific age range, ability level
and language proficiency!. However, a substantial minority of those sitting
the exam are referred to as ‘non-traditional’ applicants to medical school and
test developers must be mindful not to disadvantage this subset of test takers.
In other respects the candidature is more diverse. Several medical schools
offer accelerated graduate-entry courses for applicants with an undergradu-
ate degree in a scientific discipline. Also, increasing numbers of applications
to medical school originate from outside the country where the medical
school is based. Combined with growing use of BMAT in different locations,
these factors mean that the educational backgrounds of applicants can be

1 The majority of BMAT candidates that apply to study undergraduate medicine at
UK universities are home status students for whom English is their native language. Non-
native English-speaking applicants to medical courses are typically required to demonstrate
advanced English language proficiency (e.g. at the C1 to C2 level of the Common European
Framework of Reference for Languages (CEFR), Council of Europe 2001).
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Applying the socio-cognitive framework to BMAT

quite different. An understanding of the test taker population informs mean-
ingful evaluation of the different aspects of validity discussed in later chap-
ters of this volume.

This chapter discusses how certain characteristics of the intended test
taker population are taken into account in the overall design of the test. It
also explains measures by which performance on the test is monitored and
investigated to ensure fairness for different applicant groups, alongside and
compared with outcomes from previous analyses.

2.2 The importance of test taker characteristics in
assessment

The assessment literature often uses the term ‘test taker characteristics’ to
describe a wide variety of features associated with the intended test taker
population, which need to be taken into account when designing and admin-
istering a test. Test taker characteristics can include physical features (such
as age and gender), experiential features (such as educational background or
life experience) and psychological features (such as emotional state and moti-
vation). Test designers need to have a clear understanding of the physical,
experiential and affective features of the candidature for whom their test is
intended. Test providers also need to have in place systems for investigating
and monitoring test performance in relation to these factors since such fea-
tures potentially influence testing outcomes. There are three main reasons for
ensuring that a sound understanding and appropriate systems are in place.

First, for reasons of test validity and usefulness, it is essential that test
content and format should be well matched to the intended test population
(in this case applicants to medical, dental, veterinary and biomedical courses
in higher education) and should be consistent with the intended purpose of
the test and the scores generated. Where a test provider is informed about
the nature of the target candidature for its test, and takes proper account of
this in its test design, development and validation activity, the test is more
likely to be fit for purpose. Combined with existing research knowledge
about affective and psychological factors related to test performance, such as
anxiety and risk-aversion, information about the population can support the
design of constructs, tasks and scoring procedures.

Secondly, an awareness of test taker characteristics contributes sig-
nificantly to test fairness. It is important to ensure that different applicant
groups can access test content and formats without being unfairly disadvan-
taged due to demographic or background factors such as their age, gender,
ethnicity or socio-economic group. In addition, any special requirements
that may apply to individuals or subgroups within the intended test popu-
lation, e.g. due to physical, psychological or emotional factors, need to be
anticipated and addressed in an appropriate manner. Information on test
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taker characteristics enables test providers to offer suitably modified tests (or
testing accommodations) for those test takers who have temporary or per-
manent disabilities (e.g. a broken wrist or visual impairment). It also informs
appropriate procedures to ensure fair treatment of those test takers who
encounter some difficulty prior to or during the test which risks impairing
their performance (e.g. bereavement, sudden illness, electricity failure).

Thirdly, systematic monitoring and analysis of test taker characteristics over
time allows test providers to observe any changing trends within the test popu-
lation and its characteristics. This information can inform future review and
revision cycles of the test to ensure continuing validity and fitness for purpose.

The socio-cognitive approach outlined in Chapter 1 assigns a separate
component to test taker characteristics within the overall test development
and validation framework, thus maintaining a ‘person-oriented’ view of the
testing and assessment process (rather than a purely instrument-focused
view). At the same time, this focus on the test taker helps to ensure that the
testing instrument meets the highest possible standards as far as matters of
validity and fairness are concerned. The test taker characteristics component
within the validation framework can be used to pose four specific questions
(adapted from Weir 2005):

* What are the background characteristics of the test takers (age, gender,
etc.)?

* Does the test make suitable accommodations for candidates with special
needs?

* Are candidates sufficiently familiar with what they have to do in the test?

» Are candidates put at ease so that they are enabled to achieve their best?

These four questions are used by Cambridge Assessment to develop
standard quality procedures and to design operational analyses for a test.
The following part of this chapter (2.3) describes the standard quality pro-
cedures and operational analyses that relate to BMAT, and addresses each
of these questions in turn. The four questions also frame targeted research
studies which generate empirical evidence to confirm the validity and fairness
of the test, examples of which are summarised later in this chapter.

2.3 BMAT and test taker characteristics

Collection of demographic data on BMAT candidates’
characteristics

Key information on test taker characteristics is routinely collected for BMAT
on multiple background variables and this information is matched to other

variables in a variety of ways. The current BMAT registration process cap-
tures the following candidate background information for each test taker:
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* test centre details (centre number, name, address and contact details)?

» candidate name (family and first names)

» gender

+ date of birth

* Universities and Colleges Admissions Service (UCAS) ID number

* universities applied to with course code?

» requests for special needs access arrangements (where applicable, and
with supporting justification).

Candidate background information is linked to BMAT test results (both
test-level and individual item-level) via a unique BMAT candidate number
allocated at registration. To support further research, additional candi-
date variables collected by UCAS during the university application process
(such as ethnicity and socio-economic/participation of local areas (POLAR)
group) can be matched to BMAT test results via candidates” UCAS ID
number, also collected at registration. It should be noted that the data is
typically more diffuse or sparse for graduate-entry medicine candidates than
for the undergraduate population due to the intervening period between
completion of school qualifications and sitting BMAT (for example, school
information may not be available). These issues, combined with smaller
sample sizes for graduate-entry cohorts, limit the analysis that can be con-
ducted with graduate-entry BMAT applicants.

The BMAT registration form captures the candidate’s signed consent that
the data they provide may be used by Cambridge Assessment Admissions
Testing and those institutions to which the test taker is applying, not just
as part of the admissions procedures but also in associated follow-up
research.

Routine analyses of BMAT performance by test taker groups

Shortly after each BMAT test session, results data for the whole cohort
are analysed by gender, by school type and by UK/non-UK location. This
provides a useful comparison for universities that use BMAT to understand
the performance of their own cohort of applicants and how it might impact
on admissions decisions.

Monitoring the composition of the BMAT candidature is another way of
ensuring that the test remains correctly targeted and fit for purpose. A slightly
higher proportion of female (approximately 56-59%) than male candidates
have taken BMAT in every year. This reflects the distribution of gender

2 Because BMAT is normally taken in the test taker’s own school or college, this information
identifies the test taker’s school type and location, thus permitting analyses of subpopulations
according to these variables.

3 Restricted to universities and courses requiring BMAT.
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amongst both those applying for entry to a medical course and the success-
ful applicants, according to a report commissioned by the Royal College of
Physicians (Elston 2009). The proportion of mature applicants has remained
fairly stable over time, comprising approximately 10% of BMAT test takers.
Monitoring the number of mature applicants and graduate-entry medicine
applicants is important because these applicants may have additional needs
which should be considered. For example, the limited number of BMAT test
dates may necessitate mature candidates taking time from work or univer-
sity study in order to sit the test; thus, Cambridge Assessment Admissions
Testing may need to add further test dates or other testing arrangements if
the proportion of mature candidates were to increase in the future.

Figure 2.1 illustrates the composition of the BMAT candidature between
2003 and 2016 by location of test centre. The proportion of candidates from
non-UK centres has increased from 10% to 48% over the 14-year period,
showing a steady increase initially and then a steeper increase between 2011
and 2012 (coinciding with the first non-UK institution to use the test) and
another increase between 2015 and 2016.

Figure 2.1 Centre location of BMAT candidates 2003 to 2016
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UK school types are classified for analysis as belonging to either the state
(government-funded) or the independent (private, fee-paying) sector. Those
within the UK state sector are categorised into further subtypes, e.g. compre-
hensive, selective (grammar), sixth form college.*

Figure 2.2 School sector of BMAT candidates 2003 to 2016 (candidates from
UK centres only)
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There has been a gradual decrease in the proportion of independent
(fee-paying) school candidates over the 14-year period, from around 40% of
the UK-based candidates in 2003 to 29% in 2016 (see Figure 2.2). This pos-
sibly suggests an encouraging increase in the numbers of state school candi-
dates accessing BMAT over time, or may reflect changes in the universities

4 The Academies Act passed in July 2010 made it possible for all maintained primary,
secondary and specialist schools to apply to become academies. By 2016, 2,075 out of 3,381
secondary schools were academies, the number growing dramatically from 203 in May 2010
(www.bbc.co.uk/news/education-13274090). Progressive reclassification of comprehensive
and grammar schools to academies should be borne in mind in analysis and interpretation of
data collected for subtypes of state schools post 2010.
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that use BMAT?. Nevertheless, as with applicants to medicine in general
(Medical Schools Council 2014), independent school candidates remain over-
represented in BMAT cohorts and state school candidates remain under-
represented with respect to the pool of UK students attaining sufficiently
high A Level grades for medical study (Emery 2010a)°. Changing this picture
requires the ongoing commitment of the medical education community.

Itisimportant to note that, to date, analyses of the school sector of BMAT
candidates have understandably focused on the school type at which the can-
didate is engaged in, or has had their most recent educational experience.
However, the school at which a candidate is studying or has completed A
Levels or International Baccalaureate® (IB) is not necessarily the same as the
one at which they completed General Certificates of Secondary Education
(GCSEs) (or their equivalent). Trends in school applicants do not take into
account the movement that takes place between the state and independent
sector post-16 years of age. Whether a pupil continues their education at a
given school beyond year 11 depends on a number of factors, including the
existence of a sixth form, academic performance at GCSE (or the equivalent)
and the subject options available to study at A Level/IB. It also depends on
financial and other considerations.

Some high-achieving state school pupils, particularly those from less
advantaged backgrounds, possibly identified by schools as ‘gifted and tal-
ented’ or through established links between the independent and state
schools sector, move to independent schools for their sixth form education,
often supported by scholarships and bursaries. Some others are assisted in
their move to the independent sector by parents who perceive it as an invest-
ment, to improve their chances of achieving success at A Levels and beyond.
The Independent Schools Council (ISC) recently reported that the number
of pupils within its schools had reached its highest levels since 1974, with one
in three receiving scholarships and bursaries (Independent Schools Council
2015). Barnaby Lennon, Chairman of the ISC, noted that ‘one of the inter-
esting features [of the current figures] is that it shows parents dipping into the
independent sector for crucial stages of children’s education’ (Garner 2015).

5 [Initiatives on behalf of universities, agreed as part of their Access Agreements with the
Office for Fair Access (OFFA), to raise aspirations amongst under-represented groups,
may have contributed to an increase in state school candidates accessing BMAT. It is hoped
that the information and preparation materials made available to prospective candidates by
Cambridge Assessment Admissions Testing, especially the free, online guides (discussed in
this chapter and in Chapter 4) have increased confidence and provided reassurance to state
school applicants.

6 The Department for Education (DfE) 2014 survey found that 79% of academies had
changed or planned to change their curriculum and, of those that had, two thirds believed
that the change had improved attainment. If this improved attainment extends to A Levels
amongst the increasing number of academies, one might hope to see an increasing number
of state school applicants achieving sufficiently high grades to meet medical school entry
requirements in the future.
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The biggest expansion in numbers was reported within the sixth form, with
parents ‘flocking’ to the independent sector for private sixth form educa-
tion, possibly as a result of increased affluence and/or worries about the state
sector.

From 2015, as part of the ISC census, independent schools have been
asked where their pupils were educated before joining their current school.
The 2016 census showed that more than one quarter of pupils new to the
independent sector came from state-funded establishments (Independent
Schools Council 2016). Although movement into the independent sector was
shown to occur at all ages, it was most pronounced at ages 16 and above,
where 15% of pupils attended an independent school compared with 6% at
age 11. The rise in numbers reported within the independent sector was not
confined to UK students; it was also partly attributable to an increase in
international student numbers.

Movement between state and independent sector, post-GCSE, is not uni-
directional. There are a number of reasons why independent school pupils
transition to the state school sector for their sixth form education. Reasons
include: a greater range of A Level options, the desire for a change from
boarding school or single-sex school, the draw of a greater social mix and
broader life experience and the desire for a new start to revitalise interest
in academic work, possibly after underperformance at GCSE. The cost of
fees and parental concerns about perceived ‘positive discrimination’ in uni-
versity admissions in favour of state school applicants, to meet government
targets, are cited as important reasons for students leaving the independent
sector post-GCSE. Whatever the reasons, it is clear to admissions tutors that
a growing number of students are leaving independent schools after GCSEs
and joining local state sixth forms.

A recent study, conducted for the ISC by the Centre for Evaluation and
Monitoring at Durham University, concluded that independent school
pupils performed better than state school pupils at GCSE (Ndaji, Little and
Coe 2016). The average of the best eight GCSEs of independent and state
school pupils differed by just under two GCSE grades before deprivation,
prior academic ability and school-level factors were taken into considera-
tion. The difference was reduced to 0.64 of a GCSE grade when these factors
were controlled for, but the magnitude of the difference varied by GCSE
subject. Nevertheless, the results suggest that attending an independent
school is associated with the equivalent of two additional years of schooling
by the age of 16.

In light of the movement between the state and independent sector post-
GCSE, researchers and test developers, including Cambridge Assessment
Admissions Testing, may wish to consider utilising school type at year 11
(data which is included on the UCAS application form) as well as school type
at the time of application in future analysis of test taker characteristics.
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In addition to monitoring the BMAT candidature by gender, school type
and centre location, Cambridge Assessment Admissions Testing also moni-
tors the proportion of candidates requesting special needs access arrange-
ments for BMAT. Since 2003, between 1.2% and 2.9% of candidates in each
cohort required extra time for special needs, and this type of provision typi-
cally accounted for the majority of access arrangements made. The propor-
tion of candidates requesting extra time does not appear to be increasing over
time.

BMAT data is also monitored for evidence of test bias by gender or
school type. Item-level bias analyses are carried out annually for BMAT
by both gender and school sector. A technique known as Differential Ttem
Functioning (DIF) analysis (Holland and Thayer 1988) is used for this. DIF
analysis compares the performance of two candidate subgroups (e.g. male
and female) on individual test items, having matched the two subgroups
on their overall test score as an indicator of ability. An item is flagged as
potentially biased if one subgroup has a higher likelihood of getting that item
correct than another subgroup when both are matched on overall test score.
For a fuller discussion of DIF analysis, please refer to the key research study
in Chapter 5.

Further analyses of BMAT performance by additional test taker variables
(e.g. social deprivation indicators, candidates awarded extra time versus not)
are carried out as larger-scale research projects. Examples of these studies are
presented later in this chapter.

Information and preparation materials available to prospective
candidates

An important factor affecting test performance is knowing what to expect
on the day, so that candidates can concentrate on answering the questions
rather than figuring out the test format. Candidates should familiarise them-
selves with BMAT prior to taking the test, and Cambridge Assessment
Admissions Testing is committed to making preparation materials available
free of charge on the BMAT website to obviate the need for candidates to pay
for additional preparation. By providing clear, accessible and transparent
information, the aim is to ensure that commercial test preparation does not
offer additional insights to the information available on the BMAT website.
Cambridge Assessment Admissions Testing staff also attend open days of
selecting institutions to answer the questions of prospective BMAT candi-
dates and their parents.

Test takers have free access to BMAT past papers and answers on the
BMAT website, including worked explanations of answers to specimen ques-
tions and model responses to the BMAT Writing Task. The test papers allow
candidates to become familiar with the clear test instructions given on the
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front of each paper, and blank response sheets for all three test sections are
provided to facilitate realistic practice.

BMAT is intended to be accessible for candidates without having to invest
time learning large volumes of new material. Section 2 of BMAT (‘Scientific
Knowledge and Applications’) is the only section that assumes subject-
specific knowledge. However, it should be emphasised that BMAT Section
2 assumes core scientific knowledge in order to test the ability to apply that
knowledge or principles to unfamiliar contexts, because this is what medical,
dental and veterinary students have to do in their courses and beyond. In
2014, a review of BMAT Section 2 was undertaken to make more explicit the
assumed science and mathematics knowledge, with the overarching aim of
providing greater detail to test takers from a diverse range of educational and
international backgrounds to support their preparation. In addition, revi-
sion guides have been created that prospective candidates can access, free of
charge (BMAT Section 2: Assumed Subject Knowledge guide). The revision
guides make clear the depth of knowledge required for each topic in a single
electronic reference book (Chapter 4 of this volume gives a description of the
process used to analyse core science curricula, update the BMAT specifica-
tion and develop revision materials).

Published test preparation materials are also available for test takers.
In 2010 (updated from the 2005 version) Cambridge Assessment, in col-
laboration with Heinemann, published a new set of test preparation materi-
als entitled Preparing for the BMAT: The Official Guide to the BioMedical
Admissions Test (Butterworth and Thwaites 2010). The book, which was
authored and edited by specialists directly involved in the development and
marking of BMAT, includes practice test questions and answers, together
with guidance on approaching the test questions and worked examples. Its
purpose is to familiarise test takers with the nature of the test, offering clear
guidance about how responses will be scored so that candidates are given
every opportunity to demonstrate the necessary knowledge and skills.

Understanding how candidates prepare for BMAT and the influence this
has on their learning is an important consideration for the wider impact of
the test. Candidates’ use of the preparation materials provided by Cambridge
Assessment Admissions Testing (and those from any other sources) has been
the subject of BMAT research. This is described in Chapter 7. Cambridge
Assessment Admissions Testing also carries out online surveys into test
centres’ and candidates’ sources of information and preparation for our tests
to better understand candidate needs, in order to guide the development of
new support materials.
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Access arrangements and special considerations

For test takers with special needs a range of access arrangements is available
for BMAT, enabling test takers with disabilities to take the test on an equal
footing as far as possible with other candidates:

* extra time (usually 25%)

* papers enlarged to A3

» supervised rest breaks

+ other options on a case-by-case basis.

Access arrangements are requested in advance of the test by candidates’
examinations officers (supporting evidence may be required). Where possi-
ble, Cambridge Assessment Admissions Testing adheres to the Joint Council
for Qualifications (JCQ) recommendations for access arrangements and rea-
sonable adjustments (see Joint Council for Qualifications 2016a) and BMAT
candidates receive any arrangements that have been deemed necessary for
their school examinations such as GCSEs.

There are also special considerations procedures in place to deal with
unexpected problems that may arise immediately before or during the test,
e.g. equipment failure, illness or accident on the day of the test, sudden inter-
ruption, excessive noise, etc. Requests for special consideration can be sub-
mitted by test centres on behalf of candidates within a fixed time period of the
test date. An indication of the severity of the incident (as categorised by the
Joint Council for Qualifications 2016b) experienced by the candidate is given
to the receiving institution, so that they may take this into account, while
maintaining any sensitive information about the candidate as confidential.
No adjustments to candidates’ marks are made by Cambridge Assessment
Admissions Testing.

Psychological characteristics

One psychological factor associated with test performance is test anxiety,
which is generally defined as fear and worry elicited by evaluative settings.
Although there is a lack of appropriate normative data, research suggests
that between 10% and 35% of school students and adults in post-second-
ary education are affected by test anxiety (McDonald 2001, Zeidner 1998).
Moreover, females tend to report higher levels of test anxiety than males
(Hembree 1988). Test anxiety is negatively correlated with test performance
(Hembree 1988) and has been linked to lower performance in selection con-
texts (McCarthy and Goffin 2005). Item arrangement (specifically, whether
test items increase or decrease in difficulty across a test) and time pressure
have been associated with test anxiety and performance. Easy-to-difficult
item sequences have been associated with lower levels of anxiety and better
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performance than other test item sequences (Hambleton and Traub 1974),
whereas increased time pressure is associated with lower performance, par-
ticularly in highly test-anxious students (Kellogg, Hopko and Ashcraft 1999,
Plass and Hill 1986).

Item arrangement and time pressure are considered in BMAT test con-
struction. For example, as far as possible, BMAT items are ordered to
increase in difficulty over each test section’, in order to minimise anxiety
at the outset of the test. Moreover, the number of items and the number of
complex or time-consuming items in BMAT was adjusted in its first years of
administration to ensure the timing of the test is sufficiently challenging but
not unnecessarily stress inducing (see Chapter 4).

In addition, as mentioned above, Cambridge Assessment Admissions
Testing offers BMAT preparation materials online, such as the test specifica-
tion, BMAT past papers and answers. This provision potentially reduces test
anxiety by enabling candidates to familiarise themselves with the test format
and undertake realistic practice prior to sitting BMAT (see Chapter 7 for
further discussion of BMAT candidates’ use of preparation materials).

Another psychological factor which must be considered is risk aversion.
There is evidence to suggest that males and females differ in the extent to
which they are willing to take risks in high-stakes tests; several studies have
shown that females are more likely than males to omit responses to item types
in which incorrect responses are penalised (Baldiga 2014, Hirschfeld, Moore
and Brown 1995, Kelly and Dennick 2009). However, there is not consist-
ent evidence of gender bias in multiple-choice questions (MCQs) which do
not employ this scoring method, particularly when it has been investigated
with large-scale studies (Arthur and Everaert 2012, Bramley, Vidal Rodeiro
and Vitello 2015, Buck, Kostin and Morgan 2002, Du Plessis and Du Plessis
2009). Collectively, the results suggest that negative marking may lead to
gender bias in multiple-choice tests; therefore, this score-awarding method is
not employed in BMAT scoring (see Chapter 5 for further details of BMAT
scoring).

Small but significant group differences (including gender differences) in
BMAT scores have been found (see section 2.4). However, it should be noted
that group differences are fairly ubiquitous in medical admissions testing.
For example, males have been found to outperform females and native
English-speaking candidates have been found to outperform non-native
English-speaking candidates on the United Kingdom Clinical Aptitude Test
(UKCAT) (Tiffin, McLachlan, Webster and Nicholson 2014). Performance
differences by gender, race/ethnicity, or socio-economic status have also
been reported for the Medical College Admission Test (Association of

7 Note that items for each subtype are interspersed in each test section, thus there is some
variation in the difficulty of items across subtypes but overall, items tend to increase in dif-
ficulty across the section.
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American Medical Colleges 2016), the Erasmus MC Medical School cogni-
tive tests (Stegers-Jager, Steyerberg, Lucieer and Themmen 2015), and the
Undergraduate Medicine and Health Sciences Admission Test (Griffin and
Hu 2015), used by medical schools in the US, the Netherlands and Australia
respectively. Whilst the method effect (i.e., format of examination questions)
is an important factor to consider when investigating the sources of these
group differences, there are many other factors which may contribute to
group differences in performance on medical admissions tests.

BMAT candidates are a self-selected population and tend to represent the
highest performing students across a range of subjects relevant for medical
study. Gender differences in science, mathematics and reading performance
are more pronounced at the upper end of the performance distribution
(Hyde, Lindberg, Linn, Ellis and Williams 2008, Nowell and Hedges 1998,
Stoet and Geary 2013). Moreover, there are many psychological, social and
cultural influences on school subject choice and performance which may con-
tribute to self-selection into medical study (Eccles, Adler, Futterman, Goff,
Kaczala, Meece and Midgley 1983, Eccles 2011). Thus, group differences in
performance on BMAT may reflect factors outside of the test. Nonetheless,
Cambridge Assessment Admissions Testing periodically monitors BMAT
for item-level bias (see the section on item-level bias analyses in this chapter,
also described in more detail in Chapter 5).

2.4 Research on test taker characteristics

Key study — Investigating the predictive equity of BMIAT
(Emery, Bell and Vidal Rodeiro 2011)

A key piece of research into the fairness of BMAT for selecting different test
taker groups was published in 2011 by Emery, Bell and Vidal Rodeiro. This
investigated the relationships between medicine applicants’ background
characteristics (gender, school type, neighbourhood deprivation etc.) and the
following: their BMAT scores, whether they were offered a place of study
or rejected, and, for those admitted, performance on their first year course
examinations.

Test fairness does not require equal group performance (Standards, 2014).
However, psychometric definitions of test bias rely on the central notion that
different groups of candidates with the same standing on the construct of inter-
est should attain, on average, the same test score. Group differences in test
scores that reflect group differences on the construct of interest are not prob-
lematic but those that exist due to irrelevant sources of variance are.

When test scores are used to predict a future outcome, as in the case of
BMAT, then scores (technically the use of scores) can be regarded as biased
against a particular group if they under-predict future performance for that
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group (Standards, 2014). That is, the score implies a lower level of ability
than is really the case. Scores can be regarded as biased in favour of a particu-
lar group if they over-predict future performance for that group (that is, the
score implies a higher level of ability than is really the case). This is known
as predictive bias (Cleary 1968) and definitions of bias or a lack of bias in the
admissions testing context generally rely upon the analysis of this.

Testing for predictive bias involves using regression analysis where the
criterion measure (course outcome) is regressed on the predictor variable
(admissions test score), subgroup membership and an interaction term
between the two. If a particular admissions test score for two groups of can-
didates reflects the same underlying ability on the construct of interest (i.e.
potential for success on the course) then we would expect predicted course
performance to be the same between them, other things being equal (Cleary
1968). Differences in the regression slope and/or intercept between different
test taker groups indicate predictive bias. In Emery et al (2011), therefore,
the fairness of BMAT for student selection was investigated by determining
whether a particular set of BMAT scores predict the same future course per-
formance, on average, for different groups of test takers.

Three successive years of undergraduate medicine applications data to the
University of Cambridge were used for the analyses. Mature and non-UK
applicants were excluded from the study so that the same admissions crite-
ria could be assumed to have applied to all those included. Test taker char-
acteristics included in the study were gender, school type (comprehensive
versus each of the following: independent; grammar (selective); sixth form/
tertiary colleges; FE colleges) plus a range of social (neighbourhood) depri-
vation indicators. Neighbourhood deprivation indicators were downloaded
from the Office for National Statistics (ONS) website and were matched
to candidates’ school postcode information (home postcode information
was not available). Measures included income, employment and education
deprivation indicators.

Results showed that, despite some differences in applicants’ BMAT
performance by background characteristics (e.g. by school type and gender),
BMAT scores predicted average first year examination marks equitably for
all the background variables considered. Regarding performance differ-
ences, the male applicants in these three combined Cambridge cohorts scored
higher than the female applicants on BMAT Section 1 (0.19 of a BMAT
point) and on Section 2 (0.23 of a BMAT point). Section 3 scores were not
included in this analysis because the University of Cambridge did not use
Section 3 scores in selection in these test years (2003-05), instead consider-
ing candidates’ responses as a qualitative piece of evidence. The largest dif-
ference relating to BMAT scores in these cohorts was for comprehensive
versus independent school applicants on BMAT Section 2, with the latter
group scoring 0.34 of a BMAT point higher, on average, than the former.

30



The biomedical school applicant

Associations between BMAT scores and the neighbourhood deprivation
variables were weaker or non-significant, with the largest effect found for
one of the neighbourhood employment indicators (here, each 1% increase in
adults on the lowest social grade in the neighbourhood was associated with
only a 0.02 BMAT point decrease on Section 2).

However, and crucially for BMAT, the relationship between BMAT
scores and future course performance (year 1 examination average per-
centage mark) did not differ for any of the test taker groups or by any of
the continuous background variables. Despite differences in BMAT scores
between groups, a given set of BMAT scores predicted the same medi-
cine course examination result, on average, for all test takers regardless of
group. This provides important evidence that BMAT scores mean the same
for different test taker groups. That is, the empirical evidence suggests that
candidates with the same BMAT scores have the same standing on the con-
struct of interest regardless of their gender, school type or level of social
deprivation.

In conclusion, differential performance on a test by different candidate
groups, even if taken to be truly representative, is not a legitimate way to
measure test bias (Standards, 2014). The real issue is whether the score dif-
ferences between test taker groups reflect genuine differences between them
on the construct of interest (as the analysis suggests here) or are a result of
construct-irrelevant sources of variance that result in systematically higher
or lower scores for certain groups. A given test score should reflect a certain
level of ability regardless of group membership. For admissions tests (or
any measure used in selection), scores should predict future performance
equitably provided that other factors such as motivation are equal between
test taker groups. Unlike bias, however, fairness is not a psychometric
concept and views about the fairness of admissions procedures will vary even
given unbiased measures. The equitable treatment of all applicants, however,
is key to most definitions.

An overview of other research

In light of the importance of monitoring BMAT for fairness on an ongoing
basis, a range of research studies have been carried out into both the
performance of different test taker groups and the provision of suitable
arrangements for candidates with disabilities.

Item-level bias analyses (Emery and Khalid 2013a)

A key research study into item bias in BMAT is discussed in detail in Chapter
5. However, to summarise the findings here, no evidence of DIF was found
for any BMAT item by either gender or by school sector in the three consecu-
tive test cohorts examined. This suggests that there is no evidence of bias in
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any BMAT items and therefore they do not advantage, for example, males
over females or private school candidates over state school.

BMAT test taker characteristics and the performance of different groups
2003-12 (Emery 2013b)

Candidates classed as mature applicants scored lower than non-mature appli-
cants on BMAT Section 1 in most test years (small effect sizes), on Section
2 in all test years (medium effect sizes) and on Section 3 in four years only
(small effect sizes). Differences in scores between groups of applicants can
be a concern to selecting institutions (particularly those that use the test as a
hurdle to the interview stage) due to the possible impact on the composition
of those admitted. Evidence from this research study clarifies that small but
statistically significant differences in BMAT performance have been found
by both gender and by school sector, with male candidates and those from
independent schools performing slightly higher on the two MCQ sections
of the test. Conversely, female candidates tended to perform slightly higher
than male candidates on Section 3. Effect sizes often appear to be larger for
Section 2 of the test (although only small to medium).

Differences in test performance do not, in themselves, equate to test bias:
they may reflect genuine differences on the construct of interest between dif-
ferent groups of applicants. The latter has been investigated using regression
techniques and the results suggest that candidate-group differences in BMAT
performance reflect genuine differences in how they are likely to perform
for the course of study. Additionally, DIF analyses of sets of test items can
clarify whether gender and other differences are the result of item bias and
whether they should therefore be regarded as a genuine cause for concern by
test users (please refer to Chapter 5).

The performance of mature candidates on BMAT Section 2 is of interest
to institutions using BMAT, given the longer time interval since their GCSE
studies (or equivalent) at school or college. Emery (2013b) confirmed slightly
lower scores for mature applicants on both Sections 1 and 2 in most years.
Recent analyses comparing the BMAT performance of graduate applicants
to the under-21s has not replicated this difference in Section 2 scores, suggest-
ing that time out of education may be the causal factor.

Investigating BMAT for candidates with disabilities (Ramsay 2005)

A research project funded by Higher Education Funding Council for
England (HEFCE) was carried out by the University of Cambridge
Disability Resource Centre (Ramsay 2005). This mixed methods study
looked at various admissions assessments introduced into the undergraduate
admissions process by the University of Cambridge, including BMAT, and
whether these appeared to disadvantage students with disabilities.
Secondary quantitative analysis of BMAT test data (originally collected
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by Cambridge Assessment Admissions Testing) showed that candidates with
disabilities did not appear to be disadvantaged by the tests: the marks of can-
didates who requested access arrangements were not uniformly lower than
those of other candidates, nor was there an imbalance in their success rate in
being offered a place of study. Qualitative methods were used to investigate
issues beyond test performance, such as the information provided to disa-
bled candidates, the test registration process, responsibility for ensuring that
access arrangements are put into place, travel to test centres, etc. Finally,
a mock test of thinking skills items akin to those in BMAT Section 1 (all
MCQ) was taken by a small group of admitted students with a range of disa-
bilities, with the usual access arrangements put in place, including extra time.
Participants were interviewed about their experiences with the mock test (and
any actual admissions tests they had taken), such as any questions they found
particularly difficult and any issues with the test format or content. Both the
participants and admissions tutors were interviewed about their thoughts on
whether admissions tests would aid in student selection.

Results gave no cause for concern in the access-arrangement group in
terms of mock test performance, reported issues with the mock test or views
of fairness regarding the introduction of admissions tests for student selec-
tion. Interview feedback was positive, with comments from the access-
arrangement group typically stating that their disability had not been a
problem for the (modified) test, or explaining why the extra time had been
necessary for them. However, one interviewee commented that the BMAT
Writing Task may be much more difficult than MCQ items for a candidate
with dyslexia: “The main part of my disability is expressing things . . . (in the
MCQ format) . . . it is expressed for you.” Positive views on the utility and
fairness of thinking skills tests for student selection were received from both
the mock test participants and the admissions tutors. However, the author
made a number of recommendations regarding issues that were ‘broader
than the test paper’, such as the provision of information on applying for
access arrangements and the accessibility of test centres for candidates with
physical disabilities. The report concludes by emphasising that qualitative
research into the experiences of test takers with special needs can highlight
how individual the difficulties resulting from disability can be, and how it
is hoped that understanding of the disability issues relevant to assessment
continues to grow.

2.5 Chapter summary

In this chapter we have discussed how test taker characteristics are taken
into consideration in the overall design of the test. The key study illustrated
the importance of investigating the predictive equity of a test, in order to
monitor any potential bias. Routine analyses of BMAT performance show
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that different candidate groups do not necessarily perform equally on the
test, but research evidence shows that BMAT predicts course performance
equitably for different test taker groups. It is also important to monitor the
background characteristics of the population for whom a test is intended.
Due to recent trends for movement of pupils between state and independent
sectors post-GCSE, future analysis of test taker characteristics should con-
sider utilising school type at year 11 as well as at the time of application. The
procedures and research carried out on BMAT aim to ensure that the test is
as fair as possible for different candidate groups, including those with special
needs. This is vital given the high-stakes nature of BMAT. The test informa-
tion and wealth of free preparation materials provided to BMAT candidates
by Cambridge Assessment Admissions Testing aim to level the playing field
for those from different backgrounds and allow all test takers to perform to
the best of their ability.

Chapter 2 main points

* Monitoring the demographics of test takers can inform test
development and revision.

» Information about the test taker population supports investigating
various aspects of validity.

» Differences in performance between groups do not necessarily
indicate bias.

» Care must be taken to understand the contexts and categorisations of
different groups for a test.
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