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Abstract

Objective: To measure Differential Attainment (DA) among Scottish medical students and to explore

whether attainment gaps increase or decrease during medical school.

Design: A retrospective analysis of undergraduate medical student performance on written

assessment, measured at the start and end of medical school.
Setting: Four Scottish medical schools (Universities of Aberdeen, Dundee, Edinburgh, and Glasgow).

Participants: 1,512 medical students who attempted (but did not necessarily pass) final written

assessment.

Main outcome measures: The study modelled the change in attainment gap during medical school
for four student demographic categories (white/non-white, international/Scottish domiciled,
male/female and with/without a known disability) to test whether the attainment gap grew, shrank,
or remained stable during medical school. Separately, the study modelled the expected vs. actual

frequency of different demographic groups in the top and bottom decile of the cohort.

Results: The attainment gap grew significantly for white vs. non-white students (t(449.39)=7.37,p =
.001, d = .49, 95% Confidence Interval 0.34 to 0.58), for internationally domiciled vs. Scottish
domiciled students (£(205.8) =-7, p =0.01, d = 0.61, -0.75 to -0.42), and for male vs. female students
(t(1336.68) =3.54, p=0.01, d =0.19, 0.08 to 0.27). International, non-white, and male students
outranked their comparison group at the start of medical school but fell behind by final assessment.
No significant differences were observed for disability status. Students with a known disability,
Scottish students and non-white students were over-represented in the bottom decile and under-

represented in the top decile.

Conclusions: The tendency for attainment gaps to grow during undergraduate medical education
suggests that educational factors at medical schools may — however inadvertently — contribute to
Differential Attainment. It is of critical importance that medical schools investigate attainment gaps

within their cohorts and explore potential underlying causes.
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Article Summary
Strengths and limitations of this study

e This the largest study to date investigating longitudinal attainment gaps within
undergraduate medical education

e By evaluating Differential Attainment longitudinally, the study tests whether attainment
gaps are due to pre-existing group differences or emerge during medical school

e The study methodology shows attainment gaps are not static — gaps change in magnitude
and even reverse direction during medical school

e Although the study offers insights into the scope of attainment gaps, it cannot explain the

mechanisms behind them
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Introduction

Promoting fairness in assessment is a key priority. Success in medicine should be determined by
ability rather than background characteristics like ethnicity, sex, or socioeconomic status. (1) There is
an increasing emphasis on educational processes being “fair” to candidates of diverse backgrounds:
besides the legal and regulatory requirements (2) there is growing acceptance that evaluating

fairness should be a routine part of test construction and assessment. (3)

Despite this, background characteristics continue to predict performance in medical education and
training. The tendency for candidate performance to vary by group membership is usually termed
Differential Attainment (DA), and it influences every stage of medical education. The likelihood of
entering medical school is significantly affected by a range of background characteristics and many
selection methods are also influenced by these variables. (4) Performance on measures of success at
or just beyond graduation show a similar pattern (5) and, for example, ethnically white UK graduates
out-perform non-white UK graduates in postgraduate examinations with typically moderate (d =
0.22) effects. (6) After graduation, ethnically non-white and female doctors experience lower levels

of success on a range of professional and educational outcomes. (7,8)

Such compelling evidence has led to calls to establish the mechanisms of DA, but this is challenging.
Many historical assumptions — such as the idea that examiners are biased against some candidate
groups — remain commonly cited despite evidence to the contrary. (9,10) Examiner bias does not
appear to explain DA in postgraduate clinical examinations (11) or written assessment. (12)
Qualitative research has emphasised a range of possible factors that can contribute to DA, including
trust between trainers and trainees and the process by which those in difficulty are identified and
referred to support networks. (13—15) Other research has suggested that unconscious biases may

alter training pathways or assessment in the workplace. (8,16)

As a result, evidence for the existence of DA is very strong but we have so far only a limited
understanding of the mechanisms by which it operates or even whether DA increases or decreases
with time spent in medical education. Compounding this, while a great deal of research has been
carried out on access to medical school and postgraduate assessment, relatively little work has
evaluated DA on assessment during medical school. In a large meta-analysis eleven of fourteen
published studies examining undergraduate medical education used a single site and two of the
remaining studies used only two sites. (6) Combined with the tendency to monitor attainment at
only a single time point (typically finals) we know little of whether DA is of similar magnitude for

different medical schools or remains stable during medical school.
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This is an obvious limitation given the role of medical schools in providing the foundation of medical
education and training. Due to the diversity of intakes, assessment choices, curriculum design and
performance on postgraduate assessment (17,18) investigating DA at medical schools may help in
several ways. By comparing different institutions, the effect of different recruitment strategies,
curriculum types and policies on fairness in medical education can be explored. If the magnitude of
DA is highly variable across institutions, it argues for a relatively larger role in medical school policy
in creating DA. If DA remains consistent despite varying institutional contexts, it argues DA is either
explained by factors outside of medical school control or that no current approaches are identifiably
superior or inferior. By examining the data longitudinally, it becomes possible to explore whether DA
increases or decreases over time. If DA is present from the earliest part of medical education, this
suggests different mechanisms than if DA is minimally present at the beginning but then grows with
time. Such work can therefore significantly improve medical education and support a fairer

experience for doctors.

In this study, we use data from four Scottish medical schools operating within a common regulatory
framework. We evaluated longitudinal DA across undergraduate medical education in 1,512 medical
students, exploring disability status, domicile, ethnicity, and gender. Here we report on the

longitudinal effects of DA for these groups and the impact of DA on student rank.
Methods
Participants

Participants were undergraduate medical students who had attempted (but not necessarily passed)
a major written (multiple choice question) assessment near the end of medical school. All
institutions operated under the UK medical education system (2) and new graduates typically

embarked on a two-year foundation training programme as a doctor.

In total, 1,512 medical students were eligible for inclusion in the study. To be eligible, a student had
to (a) have attempted (but not necessarily passed) the final written assessment, (b) have made the

attempt by the end of data collection and (c) have provided demographic information.

The 1,512 students represented 74% of all available participants within the period of this study.
Excluded subjects were typically those who had exited medical school before final assessment,
experienced an interruption of study, or those who had intercalated close to the end of the study
period and so had not yet sat finals. Due to the complexity of discontinuation it is theoretically
possible for a student to graduate up to nine years after starting a five-year programme, which

makes confirmation of discontinuation challenging. Candidates who did not attempt final
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assessment prior to the end of the period of data collection are not included in any analyses

presented here.

Table 1 summarises the partner schools, total sample sizes and assessments used. All schools offered
five-year MBChBs with the option to intercalate and spend a year studying another subject in depth.
Table 2 describes the participants according to important demographic characteristics. We report
whether the candidate did or did not have a known disability, where they were domiciled before
starting medical school, their ethnicity, and their gender. All recorded data was self-reported. For
ethnicity and domicile, we aggregate data across many sub-categories into broad groups such as
“international domicile” or “white.” While a more detailed breakdown would be helpful, the small
numbers in many groups prohibit this. The demographic characteristics selected for study are based
partly on the concept of a “protected characteristic” for which there is a legal obligation to promote
equality within the UK (19), partly on demographic characteristics known to be important from past
research, and partly on availability of data. To give two examples of data availability, marital status
and sexual orientation had levels of missingness that were too high to achieve necessary levels of
power. The four categories described here represent all those selected for full analysis and all

analyses have sufficient power to detect medium effects.
[Insert Table 1 about here]
[Insert Table 2 about here]
Data Protection and ethics

This project represented a considerable challenge under data protection legislation and required a
careful and thorough evaluation of ethical issues. To ensure data protection, a designated team
member undertook an honorary contract with each partner and worked in tandem with a data
custodian at that school. This meant individualised data was never transferred outside of the school
servers, and a thorough anonymisation protocol was used to verify that no “unique” combinations
could identify candidates from their data patterns. Ethical approval was granted by the ethics
committee for the College of Medicine and Veterinary Medicine at the University of Edinburgh, and
then separately approved by an ethics board and a data protection officer at each of the other
schools. Prior to data analysis, all partners agreed to disseminate the results in public and to

representatives of the study population: in this case, medical student organisations.
Patient and public involvement

The study was carried out exclusively on medical students and did not involve patients in any way.

As such, there was no patient or public involvement.
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Statistical analyses

Each medical school has a unique curriculum and assessment environment. We investigate written
assessment as the most comparable form of assessment, as the available clinical examinations vary
considerably across the schools in both timing and format. To allow like-for-like comparisons across

different written assessments we converted each cohort of data to z-scores. (20)

A z-score is a standardised measurement, where a score of zero indicates the candidate has received
exactly the mean mark on the assessment, and a score of +/ - 1 indicates they have received a mark
one standard deviation above or below the mean respectively. This is analytically helpful because it
allows for comparisons where relative (rather than absolute) differences are important. If a
candidate from one medical school receives a mark of 75, and a candidate from another medical
school receives a mark of 70 on two different assessments, it is difficult to know who is more
capable. But if the z-score for each candidate is 0, this indicates they are of the same level of ability

relative to their peers and that they are both average.

We used the Shapiro-Wilk test to model residual values to test for normality. (21) Although the
normality parameters were violated (W =0.99, p < 0.001) further investigation suggested that
parametric testing would still be more appropriate as parametric tests are more effective at
minimising the risk of false positives where the group sample sizes and standard deviations vary
across groups. (22) Sample sizes were sufficient to detect small effects at 80% power for ethnicity,
gender and domicile, whereas for disability status the unequal group sizes and small numbers of
students self-reporting a disability allowed for only medium effects at 80% power. (23) Due to the
low sample sizes within each medical school it was not feasible to compare inter-medical school
variability with sufficient power. We used Welch’s t-test for significance testing as a more robust

alternative to other t-tests. (24) All analyses were carried out using R. (25)
Design choices

We made several design choices that influence the final dataset. Most importantly, by only including
candidates who reach final assessment we exclude the majority of those who experienced major
difficulties early in their studies. However, the only alternative is to either measure graduation rates,
which prevents granular analyses as the overwhelming majority of students pass medical school
(26), or attempt some form of imputation to estimate final performance of candidates who never
reached that stage of education, with significant uncertainty over the accuracy of such estimates.
We opt for a simple approach of reporting data only where fully available. One consequence of this

is that variability is higher in final assessment than in first year, with more candidates performing
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poorly, so most z-score change values were negative. For example, it would be possible for a
candidate to receive an A in first year and an F in final year and participate in our study, but it would
not be possible for the reverse to be true — unless the student successfully resat assessment and
then completed within the specified timeframe. This can be considered a form of “survival bias” and

approaches to the problem always require trade-offs. (27)

Following this, we carried out a number of comparisons. Firstly, we calculated the z-score for each
student in their first year and then final assessment. We explored the equivalence of school. We
compared z-score change between groups to see whether attainment gaps were growing or
shrinking during medical school. Finally, we ranked all candidates to see who would appear in either

the top or bottom decile for the final assessment.
Results

We first tested whether the performance profiles of each school were sufficiently similar to pool
data into a single sample. We compared the shapes of the distributions, frequencies of outliers, and
the overall variability of each cohort. After confirming the equivalence of the cohorts, we pooled all

data into a combined sample of 1,512 students.

Table 3 provides a summary of (a) the z-score for each demographic characteristic per assessment,
(b) the relative change in z-score over time and (c) whether the z-score change between groups is
significant. For the present study, we are not interested in the attainment gap at either the start or
end of medical school — but whether the magnitude of the gap changes over time. We found that
the gap grew significantly for white vs. non-white students (t(449.39) = 7.37, p =.001, d = .49, 95%
Confidence Interval 0.34 to 0.58), for internationally domiciled vs. Scottish domiciled students
(t(205.8) =-7,p=0.01,d=0.61, -0.75 to -0.42), and for male vs. female students (t(1336.68) = 3.54,
p=0.01,d=0.19, 0.08 to 0.27). No significant differences were observed for candidates with vs.

without a known disability.
[Insert Table 3 about here]

For the three significant analyses, non-white, internationally domiciled, and male candidates
achieved a relatively higher score at the start of medical school. By the end of medical school, they
were respectively behind white, Scottish-domiciled, and female students. The effect size was
medium when testing ethnicity and domicile, and small for testing gender. In summary, non-white,
internationally domiciled, and male students experienced a relative decline in their performance at
medical school which cannot be explained by low attainment before or in the first year of medical

school.
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Finally, we estimated how often medical students of different demographics would appear in the top
and bottom decile based on their z-scores vs. their expected frequencies based purely on how many

existed in each category. Table 4 summarises the details.
[Insert Table 4 about here]

Decile 1 is the highest scoring decile and decile 10 is the lowest scoring decile. Students with a
known disability, Scottish students and non-white students are over-represented in the bottom
decile and under-represented in the top decile. Students with no known disability, and white
students, are over-represented in the top decile and under-represented in the bottom decile.
International students, and male students, are over-represented in both the top and bottom decile.

Female students are under-represented in the top and bottom decile.

This analysis shows that many groups exhibit differences not just in mean performance, but also in
variability, with some candidates being under- and over- represented at the extremes of the
distribution. Demographic characteristics influence the likelihood of a candidate appearing in any

given decile.
Discussion
Statement of principal findings

Differential Attainment exists within Scottish medical schools, with small to medium effects. The
analysis described here demonstrates both the considerable difficulty in organising datasets to
longitudinally investigate DA, and the ongoing importance of such work. Even among successful
medical students — and the overwhelming majority of those described in the present dataset have
become doctors — DA exists. The fact that many attainment gaps grow during medical school

suggests educational factors within medical schools may promote DA.
Strengths and weaknesses of the study

It is important not to over-state the findings. Small to medium effect sizes are consequential and
impact student education, but there remains considerable variance between students of all groups.
In this dataset, candidates across the attainment continuum were present in every group. In
addition, the core purpose of medical education — graduating a safe doctor — has been met for
almost all participants in the dataset. The gaps observed here must be placed in this context. Finally,
as until now we have operated in an environment with almost no published data, there is a risk that

organisations which attempt to directly engage with the problem of DA are criticised for the
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differences they reveal, which may in turn drive reluctance to explore the issue in depth. It is

important that stakeholders support the exploration of DA across the sector.

This study represents a novel attempt to understand DA not as a fixed factor, but as a changing
influence on student performance and behaviour. The sample size and range suggest we can be
confident the findings are potentially generalisable to other UK medical schools. By opting for a

straightforward methodology, we believe the findings are robust and can inform future policy.

Despite this, there are limitations. The challenges of organising a longitudinal study using data from
a range of institutions with varying outcome measures should not be understated. We have made
design choices — such as excluding those who failed before reaching finals — which may influence the
pattern of results. The lack of a shared, standardised assessment across schools required the use of
z-scores (or an equivalent method) and the presence of a standardised assessment, such as the

forthcoming UK Medical Licensing Assessment, would have greatly simplified the analysis. (28)

Data collection was challenging, and it was clear that there was no expectation during data creation
that assessment-level data would be required five or ten years after the assessment was sat. Medical
education data should be thought of as “perishable” — it is possible that even relatively recent data is
being lost, overwritten, or rendered inaccessible. If medical educators wish to investigate DA across
time it is critical that better data collection practices are implemented, and historic data sources
should be secured and documented in national-level databases. (29) The alternative is that we may

establish excellent prospective analyses for which we will have no useful data for up to a decade.
Comparison with other studies and unanswered questions

Our findings support and extend past work exploring DA in postgraduate medical education.
(5,7,8,14) Importantly, our study also confirms that we remain unclear, as a sector, on the
mechanisms behind DA. (11,12) All organisations involved in medical education must proactively

consider how they approach fairness in medical education, and evaluate the impact of DA.

Besides the important future work of expanding such analyses to currently understudied groups and
other institutions, we reiterate that the mechanisms of DA remain poorly understood. Medical
educators must develop an awareness of the everyday factors that influence DA to mitigate them for

students and trainees everywhere.

Implications and conclusions
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This study demonstrates that DA is an important factor within undergraduate medical education,
influencing students from a diverse range of groups. Significant additional work is required to better

understand and deal with the practical challenges of DA in medical education.
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Table 1: Participants, data ranges and assessments used

School name

University of
Aberdeen

University of Dundee

University of
Edinburgh

University of Glasgow

Sample
size

104

202

871

335

Data range

2014/2017
2013/2016 & 2014/2017
2009/2013, 2010/2014,
2011/2015, 2012/2016 &

2013/2017

2014/2018 & 2015/2019

First year
assessment

MCQ and SAQ

McQ

MCQ and SAQ

MCQ

Page 18 of 21

Final assessment

MCQ and SAQ

McQ

McQ

MCQ

Note: Data range described the first/final year of assessment data for each cohort. "Multiple Choice
Questions" (MCQs) requires students to select the correct answer from a series of options. "Short
Answer Questions" (SAQs) require students to type or write a short answer. All assessments were
written rather than clinical.
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Table 2: Demographic characteristics of the study sample

Demographic

Characteristic Category Institution n Total n
Aberdeen 13
L Dundee 13
Known disability ) 102
Edinburgh 74
Disabilit Glasgow 2 1512
isabili
y Aberdeen 91
Dundee 189
No known disability . 1410
Edinburgh 797
Glasgow 333
Aberdeen 2
Dundee 17
EU (non-UK) ) 44
Edinburgh 14
Glasgow 11
Aberdeen 9
) Dundee 12
International ) 146
Edinburgh 88
Glasgow 37
Domicile 1512
Aberdeen 24
Dundee 40
Rest of UK ) 500
Edinburgh 354
Glasgow 82
Aberdeen 69
Dundee 133
Scotland . 822
Edinburgh 415
Glasgow 205
Aberdeen 27
) Dundee 21
Non-white . 298
Edinburgh 157
Glasgow 93
Aberdeen 77
Ethnicity ) Dundee 165 1512
White ) 1143
Edinburgh 665
Glasgow 236
Dundee 16
Unknown Edinburgh 49 71
Glasgow 6
Aberdeen 67
Dundee 129
Female ] 877
Gender Edinburgh 480 1512
Glasgow 201
Male Aberdeen 37 635
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Dundee 73
Edinburgh 391
Glasgow 134

Note: Candidates of “unknown” ethnicity, “EU (non-UK)” and “Rest of UK” domicile students are not
included in any analyses described in the present study. All demographic characteristics relied on
self-report data.
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Table 3: Z-score change during medical school study K
(o]
S
w
n
First First Final Final <
Demographic assessment assessment assessment assessment CHange Change
Characteristic Category (mean) (SD) (mean) (SD) (r\gean) (SD) Significance/Cl
S
Disability Known disability -0.15 0.94 -0.38 0.73 —'g.18 0.93
No known disability 0.09 0.89 -0.05 0.93 D1 0.95
2
Domicile International 0.46 0.83 -0.4 0.92 -@.57 0.92 * (-0.75 to -
Scotland -0.08 0.91 -0.05 0.9 go1 0.97 0.42)
=
Ethnicity Non-white 0.15 0.93 -0.34 1.06 8.45 0.96 *(0.34 to
White 0.04 0.89 -0.02 0.88 50 0.92 0.58)
3
g
Gender Female 0.03 0.89 -0.01 0.88 —g.03 0.93 * (0.08 to
Male 0.14 0.89 -0.2 0.98 @.2 0.97 0.27)
3
o

=]
Note: * indicates statistical significance at p = .001. 95% confidence intervals are given for significant results. For modgl values see text. Statistical
significance indicates the relative attainment gap between categories changed significantly during the course of stud@
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Table 4: Rankings of top and bottom decile by demographic characteristic

aldas € U0 9509v0-020Z-Usdofwig

Demographi n X I
eMog a? .C n Category Percentage Decile nin decile expecte actua
characteristic category percentagé& percentage

[
o 1 5 ~ 0.33
Known disability 102 6.75 0.68 o
o 10 14 N 093
Disability 1512 No 1 e - 9.59
o known .
I 1410 93.25 9.32 ¢
disability 10 136 5 8.99
_ 1 21 e 1.39
International 146 9.66 097 2
. 10 19 = 1.26
Domicile 968 3
1 78 3 5.16
Scotland 822 54.37 5.44 =
10 85 = 5.62
_ 1 24 = 1.59
Non-white 298 19.71 1.97 3
o 10 54 S 3.57
Ethnicity 1441 B
. 1 115 3 7.61
White 1143 75.6 756 ©
10 92 2 6.08
1 85 S 5.62
Female 877 58 58 =
10 81 9 5.36
Gender 1512 >
1 65 S 4.3
Male 635 42 42 =
10 69 © 4.56
N
o
N
D
g
«Q

c
Note: n indicates the total sample size for that characteristic, while n category indicates the sample size for the indivi&ual category. Percentage indicates
the proportion of students from that category in the overall sample. Decile 1 is the highest (i.e. best performing) deciléé, decile 10 is the lowest (i.e. worst
performing) decile. N in decile gives the number of candidates who actually appeared in that decile, and the differen@ between the expected and actual

percentage shows whether the category is over- or under- represented.
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Abstract

Objective: To measure Differential Attainment (DA) among Scottish medical students and to explore

whether attainment gaps increase or decrease during medical school.

Design: A retrospective analysis of undergraduate medical student performance on written

assessment, measured at the start and end of medical school.
Setting: Four Scottish medical schools (Universities of Aberdeen, Dundee, Edinburgh, and Glasgow).

Participants: 1,512 medical students who attempted (but did not necessarily pass) final written

assessment.

Main outcome measures: The study modelled the change in attainment gap during medical school
for four student demographic categories (white/non-white, international/Scottish domiciled,
male/female and with/without a known disability) to test whether the attainment gap grew, shrank,
or remained stable during medical school. Separately, the study modelled the expected vs. actual

frequency of different demographic groups in the top and bottom decile of the cohort.

Results: The attainment gap grew significantly for white vs. non-white students (t(449.39)=7.37,p =
.001, d = .49, 95% Confidence Interval 0.34 to 0.58), for internationally domiciled vs. Scottish
domiciled students (£(205.8) =-7, p =0.01, d = 0.61, -0.75 to -0.42), and for male vs. female students
(t(1336.68) =3.54, p=0.01, d =0.19, 0.08 to 0.27). International, non-white, and male students
received higher marks than their comparison group at the start of medical school but lower marks by
final assessment. No significant differences were observed for disability status. Students with a
known disability, Scottish students and non-white students were over-represented in the bottom

decile and under-represented in the top decile.

Conclusions: The tendency for attainment gaps to grow during undergraduate medical education
suggests that educational factors at medical schools may — however inadvertently — contribute to
Differential Attainment. It is of critical importance that medical schools investigate attainment gaps

within their cohorts and explore potential underlying causes.
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Article Summary
Strengths and limitations of this study

e This the largest study to date investigating longitudinal attainment gaps within
undergraduate medical education

e By evaluating Differential Attainment longitudinally, the study tests whether attainment
gaps are due to pre-existing differences or emerge during medical school

e The study has sufficient power to detect small/medium effects by pooling data from
multiple cohorts and institutions

e All contributing schools were based in Scotland, and care should be taken when generalising
to other contexts

e The study methodology cannot fully explain the mechanisms behind such attainment gaps
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Introduction

Promoting fairness in assessment is a key priority. Success in medicine should be determined by
ability rather than background characteristics like ethnicity, sex, or socioeconomic status. (1) There is
an increasing emphasis on educational processes being “fair” to candidates of diverse backgrounds:
besides the legal and regulatory requirements (2) there is growing acceptance that evaluating

fairness should be a routine part of test construction and assessment. (3)

Despite this, candidates continue to experience different outcomes in medical education and
training because they have characteristics which lead to them being treated differently by staff,
students, and patients. The tendency for outcomes to vary in this fashion is usually termed
Differential Attainment (DA). It influences every stage of medical education, and is a global
phenomenon with similar problems manifesting in a range of contexts. (4,5) The varying treatment
of some groups influences the likelihood of candidates completing medical school and affects
selection methods. (6—8) Performance on measures of success at or just beyond graduation show a
similar pattern (9,10) and, for example, ethnically white UK graduates are given higher marks than
non-white UK graduates in postgraduate examinations with typically moderate (d = 0.22) effects.
(11) After graduation, ethnically non-white and female doctors experience barriers to success on a
range of professional and educational outcomes. (12-14) Students from underrepresented
backgrounds are substantially less likely to be awarded high ratings from their clerkship directors,

less likely to be given honours, and less likely to be given honour society membership. (15)

Such compelling evidence has led to calls to establish the mechanisms of DA, but this is challenging.
Many historical assumptions — such as the idea that examiners are biased against some candidate
groups — remain commonly cited despite evidence to the contrary. (16,17) Examiner bias does not
appear to explain DA in postgraduate clinical examinations (18) or written assessment. (19)
Qualitative research has emphasised a range of possible factors that can contribute to DA, including
trust between trainers and trainees and the process by which those in difficulty are identified and
referred to support networks. (20-22) Other research has suggested that unconscious biases may
alter training pathways or assessment in the workplace. (4,13,23,24) Some authors now recommend

a programmatic approach whereby each component of training is separately reviewed. (25)

As a result, evidence for the existence of DA is very strong but we have so far only a limited
understanding of the mechanisms by which it operates or even whether DA increases or decreases
with time spent in medical education. Compounding this, while a great deal of research has been
carried out on access to medical school and postgraduate assessment, relatively little work has

evaluated DA on assessment during medical school. In a large meta-analysis eleven of fourteen
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published studies examining undergraduate medical education used a single site and two of the
remaining studies used only two sites. (11) Combined with the tendency to monitor attainment at
only a single time point (typically finals) we know little of whether DA is of similar magnitude for

different medical schools or remains stable during medical school.

This is an obvious limitation given the role of medical schools in providing the foundation of medical
education and training. Due to the diversity of intakes, assessment choices, curriculum design and
performance on postgraduate assessment (26,27) investigating DA at medical schools may help in
several ways. By comparing different institutions, the effect of different recruitment strategies,
curriculum types and policies on fairness in medical education can be explored. If the magnitude of
DA is highly variable across institutions, it argues for a relatively larger role in medical school policy
in creating DA. If DA remains consistent despite varying institutional contexts, it argues DA is either
explained by factors outside of medical school control or that no current approaches are identifiably
superior or inferior. By examining the data longitudinally, it becomes possible to explore whether DA
increases or decreases over time. If DA is present from the earliest part of medical education, this
suggests different mechanisms than if DA is minimally present at the beginning but then grows with
time. Such work can therefore significantly improve medical education and support a fairer

experience for doctors.

In this study we used data from four Scottish medical schools operating within a common regulatory
framework. Our aim was to evaluate longitudinal DA across undergraduate medical education in
1,512 medical students, exploring disability status, domicile, ethnicity, and gender. Here we report

on the longitudinal effects of DA for these groups and the impact of DA on student rank.
Methods
Participants

Participants were undergraduate medical students who had attempted (but not necessarily passed)
a major written (multiple choice question) assessment near the end of medical school. All
institutions operated under the UK medical education system (2) and new graduates typically

embarked on a two-year foundation training programme as a doctor.

In total, 1,512 medical students were eligible for inclusion in the study. To be eligible, a student had
to (a) have attempted (but not necessarily passed) the final written assessment, (b) have made the

attempt by the end of data collection and (c) have provided demographic information.

The 1,512 students represented 74% of all available participants within the period of this study.

Excluded subjects were typically those who had exited medical school before final assessment,

8
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experienced an interruption of study, or those who had intercalated close to the end of the study
period and so had not yet sat finals. Due to the complexity of discontinuation it is theoretically
possible for a student to graduate up to nine years after starting a five-year programme, which
makes confirmation of discontinuation challenging. Candidates who did not attempt final
assessment prior to the end of the period of data collection are not included in any analyses

presented here.

Table 1 summarises the partner schools, total sample sizes and assessments used. All schools offered
five-year MBChBs. The first two years of each programme involved an introduction to the
fundamentals of medicine, anatomy, social issues around healthcare, and working with peers. Each
programme offered an opportunity to intercalate, whereby candidates spent an additional year
studying a topic in greater depth before returning to the core programme. In the later years,
candidates rotated through a series of clinical placements to develop the skills and knowledge

necessary to work as a junior doctor.

In each school, candidates sat a written assessment at the end of their first year. These featured
Multiple Choice Questions (MCQs) and for two schools, Short Answer Questions (SAQs). For each
guestion candidates were presented with a scenario and question. For MCQs candidates selected
the correct answer from a list, whereas for SAQs candidates provided a short, written answer. The
assessment was blueprinted based on programme learning outcomes and standard set by experts

familiar with the curriculum.

Near the end of medical school, candidates sat another written assessment. Three schools delivered
this in final year, while one (the University of Aberdeen) delivered it at the very end of the prefinal

year. The blueprinting and standard setting process was the same as in the early assessment.

In each case, the assessments acted as a progression barrier: candidates needed to achieve a
satisfactory mark to progress to either second year or graduation. A review by the authors identified
that although there were some variations in curricula and teaching methods there were no
significant differences in content and structure of assessments between programmes that would

impact cross-school comparisons of DA.

Table 2 describes the participants according to important demographic characteristics. We report
whether the candidate did or did not have a known disability, where they were domiciled before
starting medical school, their ethnicity, and their gender. All recorded data was self-reported. For
ethnicity and domicile, we aggregate data across many sub-categories into broad groups such as

“Scottish domicile” or “white.” While a more detailed breakdown would be helpful, the small
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numbers in many groups prohibit this. The demographic characteristics selected for study are based
partly on the concept of a “protected characteristic” for which there is a legal obligation to promote
equality within the UK (28), partly on demographic characteristics known to be important from past
research, and partly on availability of data. To give two examples of data availability, marital status
and sexual orientation had levels of missingness that were too high to achieve necessary levels of
power. The four categories described here (known/no known disability, international/Scottish
domicile, non-white/white and female/male) represent all those selected for full analysis and all
analyses have sufficient power to detect medium effects. We selected Scottish (as opposed to whole
UK) domicile due to Scottish domiciled candidates having already experienced the Scottish legislative
and educational framework and having selected a medical school relatively close to home.
Furthermore, differences in the funding approach in Scotland compared to the rest of the UK made

merging the two groups less defensible.

Socioeconomic status (SES) was recorded in the dataset in two forms. Firstly, candidates had the
opportunity to list parental occupation. Over 90% of candidates did not fill this in. A second proxy for
SES was candidate postcode, which can be converted into an index of multiple deprivation. (29)
However, it was not possible to effectively compare Scottish, non-Scottish UK, and international
measures of SES within a single dataset. As such we did not explore this covariate further in the

present study.

[Insert Table 1 about here]
[Insert Table 2 about here]
Data Protection and ethics

This project represented a considerable challenge under data protection legislation and required a
careful and thorough evaluation of ethical issues. To ensure data protection, a designated team
member undertook an honorary contract with each partner and worked in tandem with a data
custodian at that school. This meant individualised data was never transferred outside of the school
servers, and a thorough anonymisation protocol was used to verify that no “unique” combinations
could identify candidates from their data patterns. Ethical approval was granted by the ethics
committee for the College of Medicine and Veterinary Medicine at the University of Edinburgh
(reference: 2018/7), and then separately approved by an ethics board and a data protection officer
at each of the other schools. All participants gave informed consent. Prior to data analysis, all
partners agreed to disseminate the results in public and to representatives of the study population:

in this case, medical student organisations.
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When describing inequities researchers must ensure individuals are described fairly and
appropriately, without discriminatory language. Throughout this paper, we have used language
which shows that group membership itself does not cause an attainment gap and is never a direct
determinant of performance, and instead likely reflects systemic societal issues. We have provided
some additional references which may be helpful in exploring language choice when describing

historically under-represented groups. (4,20)
Patient and public involvement

The study was carried out exclusively on medical students and did not involve patients in any way.

As such, there was no patient or public involvement.
Statistical analyses

Each medical school has a locally designed curriculum and assessment environment. We investigate
written assessment as the most comparable form of assessment, as the available clinical
examinations vary considerably across the schools in both timing and format. To allow like-for-like

comparisons across different written assessments we converted each cohort of data to z-scores. (30)

A z-score is a standardised measurement, where a score of zero indicates the candidate has received
exactly the mean mark on the assessment, and a score of +/ - 1 indicates they have received a mark
one standard deviation above or below the mean respectively. This is analytically helpful because it
allows for comparisons where relative (rather than absolute) differences are important. If a
candidate from one medical school receives a mark of 75, and a candidate from another medical
school receives a mark of 70 on two different assessments, it is difficult to know who is more
capable. But if the z-score for each candidate is 0, this indicates they are of the same level of ability

relative to their peers and that they are both average.

We used the Shapiro-Wilk test to model residual values to test for normality. (31) Although the
normality parameters were violated (W = 0.99, p < 0.001) further investigation suggested that
parametric testing would still be more appropriate as parametric tests are more effective at
minimising the risk of false positives where the group sample sizes and standard deviations vary
across groups. (32) Sample sizes were sufficient to detect small effects at 80% power for ethnicity,
gender and domicile, whereas for disability status the unequal group sizes and small numbers of
students self-reporting a disability allowed for only medium effects at 80% power. (33) Due to the
low sample sizes within each medical school it was not feasible to compare inter-medical school

variability with sufficient power. Likewise, it was not possible to compare intersectional DA (e.g.,
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ethnicity and gender). We used Welch’s t-test for significance testing as a more robust alternative to

other t-tests. (34) All analyses were carried out using R. (35)
Design choices

We made several design choices that influence the final dataset. Most importantly, by only including
candidates who reach final assessment we exclude the majority of those who experienced major
difficulties early in their studies. However, the only alternative is to either measure graduation rates,
which prevents granular analyses as the overwhelming majority of students pass medical school
(36), or attempt some form of imputation to estimate final performance of candidates who never
reached that stage of education, with significant uncertainty over the accuracy of such estimates.
We opt for a simple approach of reporting data only where fully available. One consequence of this
is that variability is higher in final assessment than in first year, with more candidates performing
poorly, so most z-score change values were negative. For example, it would be possible for a
candidate to receive an A in first year and an F in final year and participate in our study, but it would
not be possible for the reverse to be true — unless the student successfully resat assessment and
then completed within the specified timeframe. This can be considered a form of “survival bias” and

approaches to the problem always require trade-offs. (37)

To investigate survival bias, we compared the ratios of those who did versus those who did not
provide final year assessment results for each group. For example, we compared the ratio of non-
white/white completers against non-white/white non-completers. No differences in the ratios were
detected for any studied group. This likely reflects the fact that non-completion (by the end of the

present study) was due to a variety of factors and did not in itself indicate academic difficulty.

Following this, we carried out a number of comparisons. Firstly, we calculated the z-score for each
student in their first year and then final assessment. We explored the equivalence of school. We
compared z-score change between groups to see whether attainment gaps were growing or
shrinking during medical school. Finally, we ranked all candidates to see who would appear in either

the top or bottom decile for the final assessment.
Results

We first tested whether the performance profiles of each school were sufficiently similar to pool
data into a single sample. We compared the shapes of the distributions, frequencies of outliers, and
the overall variability of each cohort. After confirming the equivalence of the cohorts, we pooled all

data into a combined sample of 1,512 students.
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Table 3 provides a summary of (a) the z-score for each demographic characteristic per assessment,
(b) the relative change in z-score over time and (c) whether the z-score change between groups is
significant. For the present study, we are not interested in the attainment gap at either the start or
end of medical school — but whether the magnitude of the gap changes over time. We found that
the gap grew significantly for white vs. non-white students (t(449.39) = 7.37, p =.001, d = .49, 95%
Confidence Interval 0.34 to 0.58), for internationally domiciled vs. Scottish domiciled students
(t(205.8) =-7,p=0.01, d =0.61, -0.75 to -0.42), and for male vs. female students (t(1336.68) = 3.54,
p=0.01,d=0.19, 0.08 to 0.27). No significant differences were observed for candidates with vs.

without a known disability.
[Insert Table 3 about here]

For the three significant analyses, non-white, internationally domiciled, and male candidates were
awarded a relatively higher score at the start of medical school. By the end of medical school, they
were respectively awarded a lower score then white, Scottish-domiciled, and female students. The
effect size was medium when testing ethnicity and domicile, and small for testing gender. In
summary, non-white, internationally domiciled, and male students experienced a relative decline in
their achieved marks at medical school which cannot be explained by low attainment before or in

the first year of medical school.

Finally, we estimated how often medical students of different demographics would appear in the top
and bottom decile based on their z-scores vs. their expected frequencies based purely on how many

existed in each category. Table 4 summarises the details.
[Insert Table 4 about here]

Decile 1 is the highest scoring decile and decile 10 is the lowest scoring decile. Students with a
known disability, Scottish students and non-white students are over-represented in the bottom
decile and under-represented in the top decile. Students with no known disability, and white
students, are over-represented in the top decile and under-represented in the bottom decile.
International students, and male students, are over-represented in both the top and bottom decile.

Female students are under-represented in the top and bottom decile.

This analysis shows that many groups exhibit differences not just in mean performance, but also in
variability, with some candidates being under- and over- represented at the extremes of the

distribution.

Discussion
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Statement of principal findings

Differential Attainment exists within Scottish medical schools, with small to medium effects. The
analysis described here demonstrates both the considerable difficulty in organising datasets to
longitudinally investigate DA, and the ongoing importance of such work. Even among successful
medical students — and the overwhelming majority of those described in the present dataset have
become doctors — DA exists. The fact that many attainment gaps grow during medical school

suggests educational factors within medical schools may promote DA.
Strengths and weaknesses of the study

It is important not to over-state the findings. Small to medium effect sizes are consequential and
impact student education, but there remains considerable variance between students of all groups.
In this dataset, candidates across the attainment continuum were present in every group. In
addition, the core purpose of medical education — graduating a safe doctor — has been met for
almost all participants in the dataset. The gaps observed here must be placed in this context. Finally,
as until now we have operated in an environment with almost no published data, there is a risk that
organisations which attempt to directly engage with the problem of DA are criticised for the
differences they reveal, which may in turn drive reluctance to explore the issue in depth. It is

important that stakeholders support the exploration of DA across the sector.

This study represents a novel attempt to understand DA not as a fixed factor, but as a changing
influence on student performance and behaviour. The sample size and range suggest we can be
confident the findings are potentially generalisable to other UK medical schools. By opting for a

straightforward methodology, we believe the findings are robust and can inform future policy.

Despite this, there are limitations. The challenges of organising a longitudinal study using data from
a range of institutions with varying outcome measures should not be understated. We have made
design choices — such as excluding those who failed before reaching finals — which may influence the
pattern of results. Due to the relatively small sample sizes of some groups, it was not possible to

I”

explore “intersectional” DA for e.g. candidates who were non-white and female. (38) Due to the
nature of the available data on SES, we were not able to include SES as a covariate in the present
study. All candidate demographics were self-reported, and so some information could theoretically
be inaccurate. While we consider the curricula and assessment of the institutions to be sufficiently
similar to allow for a combined analysis, it is possible that local factors may have created some

unidentified sources of variance.
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The lack of a shared, standardised assessment across schools required the use of z-scores (or an
equivalent method) and the presence of a standardised assessment, such as the forthcoming UK

Medical Licensing Assessment, would have greatly simplified the analysis. (39)

Data collection was challenging, and it was clear that there was no expectation during data creation
that assessment-level data would be required five or ten years after the assessment was sat. Medical
education data should be thought of as “perishable” — it is possible that even relatively recent data is
being lost, overwritten, or rendered inaccessible. If medical educators wish to investigate DA across
time it is critical that better data collection practices are implemented, and historic data sources
should be secured and documented in national-level databases. (40) The alternative is that we may

establish excellent prospective analyses for which we will have no useful data for up to a decade.
Comparison with other studies and unanswered questions

DA exists across medical education systems across the world and should always be considered when
designing teaching and assessment. (4,5) Our findings support and extend past work exploring DA in
postgraduate medical education. (9,12,13,21) and at medical school. (15,24) Importantly, our study
also confirms that we remain unclear, as a sector, on the mechanisms behind DA. (18,19) All
organisations involved in medical education must proactively consider how they approach fairness in

medical education, and evaluate the impact of DA.

The limitations described above are logical opportunities for future work. Exploring the impact of
SES, analysing intersectional characteristics, and studying those who do not graduate may offer
insights into both the scope and mechanisms of DA. Exploring candidate domicile in a more granular
fashion (such as measuring the distance between home and their selected medical school) may be
helpful, especially alongside measurements of SES. Importantly, the design challenges highlighted
here will persist until institutions develop rigorous framewaorks to investigate long-term changes in

student performance.
Implications and conclusions

The present study demonstrates DA changes in magnitude during undergraduate medical education.
Combined with evidence that candidates of some groups are less likely to be given awards (15) and
more likely to experience prejudice (24), it is very plausible that some of the mechanisms of DA are
located in, or caused by, aspects of medical education within medical schools. As such, institutions
must consider the possibility that their actions contribute to DA and develop appropriate policies for

investigation and correction. (14)
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505 Table 1: Participants, data ranges and assessments used

506

School name

University of
Aberdeen

University of Dundee

University of
Edinburgh

University of Glasgow
507

Sample
size

104

202

871

335

Data range

2014/2017
2013/2016 & 2014/2017
2009/2013, 2010/2014,
2011/2015, 2012/2016 &

2013/2017

2014/2018 & 2015/2019

First year
assessment

MCQ and SAQ

McQ

MCQ and SAQ

MCQ

Page 20 of 26

Final assessment

MCQ and SAQ

McQ

McQ

MCQ

508 Note: Data range described the first/final year of assessment data for each cohort. "Multiple Choice
509 Questions" (MCQs) requires students to select the correct answer from a series of options. "Short
510  Answer Questions" (SAQs) require students to type or write a short answer. All assessments were
511 written rather than clinical.

512
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1
2
2 513  Table 2: Demographic characteristics of the study sample
5 Demographic I
? Characteristic Category Institution n Total n
8 Aberdeen 13
9 L Dundee 13
10 Known disability ) 102
" Edinburgh 74
12 o Glasgow 2
Disability 1512
13 Aberdeen 91
14 o Dundee 189
15 No known disability . 1410
16 Edinburgh 797
17 Glasgow 333
12 Aberdeen 2
20 Dundee 17
EU (non-UK) ) 44
21 Edinburgh 14
22 Glasgow 11
23
24 Aberdeen 9
25 ) Dundee 12
26 International ) 146
. Edinburgh 88
Glasgow 37
28 Domicile g 1512
29 Aberdeen 24
30 Dundee 40
31 Rest of UK ) 500
32 Edinburgh 354
33 Glasgow 82
gg Aberdeen 69
36 Dundee 133
Scotland . 822
37 Edinburgh 415
;2 Glasgow 205
40 Aberdeen 27
41 ) Dundee 21
42 Non-white _ 298
43 Edinburgh 157
44 Glasgow 93
45 Aberdeen 77
46 Ethnicity ) Dundee 165 1512
47 White ) 1143
48 Edinburgh 665
49 Glasgow 236
?1) Dundee 16
52 Unknown Edinburgh 49 71
53 Glasgow 6
54
. Aberdeen 67
56 Dundee 129
Female ] 877
57 Gender Edinburgh 480 1512
gg Glasgow 201
60 Male Aberdeen 37 635
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Note: Candidates of “unknown” ethnicity, “EU (non-UK)” and “Rest of UK” domicile students are not
included in any analyses described in the present study. All demographic characteristics relied on

BMJ Open

Dundee 73
Edinburgh 391
Glasgow 134

self-report data.
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Table 3: Z-score change during medical school study K
(o]
S
w
n
First First Final Final <
Demographic assessment assessment assessment assessment CHange Change
Characteristic Category (mean) (SD) (mean) (SD) (r\gean) (SD) Significance/Cl
S
Disability Known disability -0.15 0.94 -0.38 0.73 —'g.18 0.93
No known disability 0.09 0.89 -0.05 0.93 D1 0.95
2
Domicile International 0.46 0.83 -0.4 0.92 -@.57 0.92 * (-0.75 to -
Scotland -0.08 0.91 -0.05 0.9 go1 0.97 0.42)
=
Ethnicity Non-white 0.15 0.93 -0.34 1.06 8.45 0.96 *(0.34 to
White 0.04 0.89 -0.02 0.88 50 0.92 0.58)
3
g
Gender Female 0.03 0.89 -0.01 0.88 —g.03 0.93 * (0.08 to
Male 0.14 0.89 -0.2 0.98 @.2 0.97 0.27)
3
o

=]
Note: * indicates statistical significance at p = .001. 95% confidence intervals are given for significant results. For modgl values see text. Statistical
significance indicates the relative attainment gap between categories changed significantly during the course of stud@
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Table 4: Rankings of top and bottom decile by demographic characteristic

aldas € U0 9509v0-020Z-Usdofwig

Demographi n X I
eMog a? .C n Category Percentage Decile nin decile expecte actua
characteristic category percentagé& percentage

[
o 1 5 ~ 0.33
Known disability 102 6.75 0.68 o
o 10 14 N 093
Disability 1512 No 1 e - 9.59
o known .
I 1410 93.25 9.32 ¢
disability 10 136 5 8.99
_ 1 21 e 1.39
International 146 9.66 097 2
. 10 19 = 1.26
Domicile 968 3
1 78 3 5.16
Scotland 822 54.37 5.44 =
10 85 = 5.62
_ 1 24 = 1.59
Non-white 298 19.71 1.97 3
o 10 54 S 3.57
Ethnicity 1441 B
. 1 115 3 7.61
White 1143 75.6 756 ©
10 92 2 6.08
1 85 S 5.62
Female 877 58 58 =
10 81 9 5.36
Gender 1512 >
1 65 S 4.3
Male 635 42 42 =
10 69 © 4.56
N
o
N
D
g
«Q

c
Note: n indicates the total sample size for that characteristic, while n category indicates the sample size for the indivi&ual category. Percentage indicates
the proportion of students from that category in the overall sample. Decile 1 is the highest (i.e. best performing) deciléé, decile 10 is the lowest (i.e. worst
performing) decile. N in decile gives the number of candidates who actually appeared in that decile, and the differen@ between the expected and actual

percentage shows whether the category is over- or under- represented.
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1 S
2 institutions must consider the possibility that their actions contribute to DA and develop appropriate policies f@r investigation and correctionSTROBE
i 2007 (v4) checklist of items to be included in reports of observational studies in epide@\iology*
5 Checklist for cohort, case-control, and cross-sectional studies (combined) 2
g q w
6 Section/Topic Item # | Recommendation w Reported on page #
/ Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract ° 1/1
8 e /
=
9 (b) Provide in the abstract an informative and balanced summary of what was done and wha®@was found
£ 5/70
10 )
11 Introduction Q
12 Background/rationale 2 Explain the scientific background and rationale for the investigation being reported g 7/109
O
12 Objectives 3 State specific objectives, including any pre-specified hypotheses 5 8/158
[®}
15 Methods %
1? Study design Present key elements of study design early in the paper g 8/164
18 Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposui, follow-up, and data 8/164 —11/292
19 collection =
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of pat'Eticipants. Describe
20 8/164
21 methods of follow-up
22 Case-control study—Give the eligibility criteria, and the sources and methods of case ascerta%ment and control
23 selection. Give the rationale for the choice of cases and controls 3
24 Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection Ef participants
25 (b) Cohort study—For matched studies, give matching criteria and number of exposed and U xposed 9/200
26 Case-control study—For matched studies, give matching criteria and the number of controls per case
27 Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modlfle:zs Give diagnostic 11/246 — 12 /268
28 criteria, if applicable ]
29 —
30 Data sources/ measurement 8* For each variable of interest, give sources of data and details of methods of assessment (me: %surement). Describe 9/179
31 comparability of assessment methods if there is more than one group Q
32 Bias 9 Describe any efforts to address potential sources of bias ; 9/195 & 10/226
33 Study size 10 Explain how the study size was arrived at Q 8/168
34 Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe whlchgroupings were chosen | 9/203 & 11/246
35 and why R
g? Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding % 11/246
38 (b) Describe any methods used to examine subgroups and interactions § 12/270
ig (c) Explain how missing data were addressed ; 12/283
41 (d) Cohort study—If applicable, explain how loss to follow-up was addressed g 12/283
«Q
42 =y
22 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Case-control study—If applicable, explain how matching of cases and controls was addressed@
Cross-sectional study—If applicable, describe analytical methods taking account of sampling @rategy

(e) Describe any sensitivity analyses > NA
=
Results »
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, ex%’mlned for eligibility, 8/164 & 12/294
confirmed eligible, included in the study, completing follow-up, and analysed 8
(b) Give reasons for non-participation at each stage % NA
(c) Consider use of a flow diagram g NA
Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and informatio_ﬁon exposures and 9/200
potential confounders o
(b) Indicate number of participants with missing data for each variable of interest § 9/200
(c) Cohort study—Summarise follow-up time (eg, average and total amount) gs_ 9/179
. D
Outcome data 15* | Cohort study—Report numbers of outcome events or summary measures over time o NA
Case-control study—Report numbers in each exposure category, or summary measures of e@iosure 9/200
Cross-sectional study—Report numbers of outcome events or summary measures .,% NA
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their p@ision (eg, 95% NA
confidence interval). Make clear which confounders were adjusted for and why they were in8luded
(b) Report category boundaries when continuous variables were categorized B NA
=
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningfg'l time period NA
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analzs'es 12/294
Discussion 3
Key results 18 Summarise key results with reference to study objectives 3 14/330
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision -i)lscuss both direction 14/350
and magnitude of any potential bias ©
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multlpllc@ of analyses, results 15/385
from similar studies, and other relevant evidence s_
Generalisability 21 Discuss the generalisability (external validity) of the study results Z 15/371
Other information é
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicableg for the original study on 3/57

which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in ¢

@Da10810l
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2 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published exan@les of transparent reporting. The STROBE
3 checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine®rg/, Annals of Internal Medicine at
4 http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.s?obe-statement.org.
5 =1
6 o
7 g
8 :
9 3
10 N
11 S
12 o
13 2
14 2
15 2
16 3
17 3
18 =)
19 g
20 5
21 2
22 kS
23 =
24 3
25 8
26 2
27 S
28 T
29 oy
30 B
31 N
32 g
33 Q
34 &
35 -'?
36 S
37 s
38 g
39 g
40 8
©
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Abstract

Objective: To measure Differential Attainment (DA) among Scottish medical students and to explore

whether attainment gaps increase or decrease during medical school.

Design: A retrospective analysis of undergraduate medical student performance on written

assessment, measured at the start and end of medical school.
Setting: Four Scottish medical schools (Universities of Aberdeen, Dundee, Edinburgh, and Glasgow).

Participants: 1,512 medical students who attempted (but did not necessarily pass) final written

assessment.

Main outcome measures: The study modelled the change in attainment gap during medical school
for four student demographic categories (white/non-white, international/Scottish domiciled,
male/female and with/without a known disability) to test whether the attainment gap grew, shrank,
or remained stable during medical school. Separately, the study modelled the expected vs. actual

frequency of different demographic groups in the top and bottom decile of the cohort.

Results: The attainment gap grew significantly for white vs. non-white students (t(449.39)=7.37,p =
.001, d = .49, 95% Confidence Interval 0.34 to 0.58), for internationally domiciled vs. Scottish
domiciled students (£(205.8) =-7, p =0.01, d = 0.61, -0.75 to -0.42), and for male vs. female students
(t(1336.68) =3.54, p=0.01, d =0.19, 0.08 to 0.27). International, non-white, and male students
received higher marks than their comparison group at the start of medical school but lower marks by
final assessment. No significant differences were observed for disability status. Students with a
known disability, Scottish students and non-white students were over-represented in the bottom

decile and under-represented in the top decile.

Conclusions: The tendency for attainment gaps to grow during undergraduate medical education
suggests that educational factors at medical schools may — however inadvertently — contribute to
Differential Attainment. It is of critical importance that medical schools investigate attainment gaps

within their cohorts and explore potential underlying causes.
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Article Summary
Strengths and limitations of this study

e This the largest study to date investigating longitudinal attainment gaps within
undergraduate medical education

e By evaluating Differential Attainment longitudinally, the study tests whether attainment
gaps are due to pre-existing differences or emerge during medical school

e The study has sufficient power to detect small/medium effects by pooling data from
multiple cohorts and institutions

e All contributing schools were based in Scotland, and care should be taken when generalising
to other contexts

e The study methodology cannot fully explain the mechanisms behind such attainment gaps
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Introduction

Promoting fairness in assessment is a key priority. Success in medicine should be determined by
ability rather than background characteristics like ethnicity, sex, or socioeconomic status. (1) There is
an increasing emphasis on educational processes being “fair” to candidates of diverse backgrounds:
besides the legal and regulatory requirements (2) there is growing acceptance that evaluating

fairness should be a routine part of test construction and assessment. (3)

Despite this, candidates continue to experience different outcomes in medical education and
training because they have characteristics which lead to them being treated differently by staff,
students, and patients. The tendency for outcomes to vary in this fashion is usually termed
Differential Attainment (DA). It influences every stage of medical education, and is a global
phenomenon with similar problems manifesting in a range of contexts. (4,5) The varying treatment
of some groups influences the likelihood of candidates completing medical school and affects
selection methods. (6—8) Performance on measures of success at or just beyond graduation show a
similar pattern (9,10) and, for example, ethnically white UK graduates are given higher marks than
non-white UK graduates in postgraduate examinations with typically moderate (d = 0.22) effects.
(11) After graduation, ethnically non-white and female doctors experience barriers to success on a
range of professional and educational outcomes. (12-14) Students from underrepresented
backgrounds are substantially less likely to be awarded high ratings from their clerkship directors,

less likely to be given honours, and less likely to be given honour society membership. (15)

Such compelling evidence has led to calls to establish the mechanisms of DA, but this is challenging.
Many historical assumptions — such as the idea that examiners are biased against some candidate
groups — remain commonly cited despite evidence to the contrary. (16,17) Examiner bias does not
appear to explain DA in postgraduate clinical examinations (18) or written assessment. (19)
Qualitative research has emphasised a range of possible factors that can contribute to DA, including
trust between trainers and trainees and the process by which those in difficulty are identified and
referred to support networks. (20-22) Other research has suggested that unconscious biases may
alter training pathways or assessment in the workplace. (4,13,23,24) Some authors now recommend

a programmatic approach whereby each component of training is separately reviewed. (25)

As a result, evidence for the existence of DA is very strong but we have so far only a limited
understanding of the mechanisms by which it operates or even whether DA increases or decreases
with time spent in medical education. Compounding this, while a great deal of research has been
carried out on access to medical school and postgraduate assessment, relatively little work has

evaluated DA on assessment during medical school. In a large meta-analysis eleven of fourteen
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published studies examining undergraduate medical education used a single site and two of the
remaining studies used only two sites. (11) Combined with the tendency to monitor attainment at
only a single time point (typically finals) we know little of whether DA is of similar magnitude for

different medical schools or remains stable during medical school.

This is an obvious limitation given the role of medical schools in providing the foundation of medical
education and training. Due to the diversity of intakes, assessment choices, curriculum design and
performance on postgraduate assessment (26,27) investigating DA at medical schools may help in
several ways. By comparing different institutions, the effect of different recruitment strategies,
curriculum types and policies on fairness in medical education can be explored. If the magnitude of
DA is highly variable across institutions, it argues for a relatively larger role in medical school policy
in creating DA. If DA remains consistent despite varying institutional contexts, it argues DA is either
explained by factors outside of medical school control or that no current approaches are identifiably
superior or inferior. By examining the data longitudinally, it becomes possible to explore whether DA
increases or decreases over time. If DA is present from the earliest part of medical education, this
suggests different mechanisms than if DA is minimally present at the beginning but then grows with
time. Such work can therefore significantly improve medical education and support a fairer

experience for doctors.

In this study we used data from four Scottish medical schools operating within a common regulatory
framework. Our aim was to evaluate longitudinal DA across undergraduate medical education in
1,512 medical students, exploring disability status, domicile, ethnicity, and gender. Here we report

on the longitudinal effects of DA for these groups and the impact of DA on student rank.
Methods
Participants

Participants were undergraduate medical students who had attempted (but not necessarily passed)
a major written (multiple choice question) assessment near the end of medical school. All
institutions operated under the UK medical education system (2) and new graduates typically

embarked on a two-year foundation training programme as a doctor.

In total, 1,512 medical students were eligible for inclusion in the study. To be eligible, a student had
to (a) have attempted (but not necessarily passed) the final written assessment, (b) have made the

attempt by the end of data collection and (c) have provided demographic information.

The 1,512 students represented 74% of all available participants within the period of this study.

Excluded subjects were typically those who had exited medical school before final assessment,
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experienced an interruption of study, or those who had intercalated close to the end of the study
period and so had not yet sat finals. Due to the complexity of discontinuation it is theoretically
possible for a student to graduate up to nine years after starting a five-year programme, which
makes confirmation of discontinuation challenging. Candidates who did not attempt final
assessment prior to the end of the period of data collection are not included in any analyses

presented here.

Table 1 summarises the partner schools, total sample sizes and assessments used. All schools offered
five-year MBChBs. The first two years of each programme involved an introduction to the
fundamentals of medicine, anatomy, social issues around healthcare, and working with peers. Each
programme offered an opportunity to intercalate, whereby candidates spent an additional year
studying a topic in greater depth before returning to the core programme. In the later years,
candidates rotated through a series of clinical placements to develop the skills and knowledge

necessary to work as a junior doctor.

In each school, candidates sat a written assessment at the end of their first year. These featured
Multiple Choice Questions (MCQs) and for two schools, Short Answer Questions (SAQs). For each
guestion candidates were presented with a scenario and question. For MCQs candidates selected
the correct answer from a list, whereas for SAQs candidates provided a short, written answer. The
assessment was blueprinted based on programme learning outcomes and standard set by experts

familiar with the curriculum.

Near the end of medical school, candidates sat another written assessment. Three schools delivered
this in final year, while one (the University of Aberdeen) delivered it at the very end of the prefinal

year. The blueprinting and standard setting process was the same as in the early assessment.

In each case, the assessments acted as a progression barrier: candidates needed to achieve a
satisfactory mark to progress to either second year or graduation. A review by the authors identified
that although there were some variations in curricula and teaching methods there were no
significant differences in content and structure of assessments between programmes that would

impact cross-school comparisons of DA.

Table 2 describes the participants according to important demographic characteristics. We report
whether the candidate did or did not have a known disability, where they were domiciled before
starting medical school, their ethnicity, and their gender. All recorded data was self-reported. For
ethnicity and domicile, we aggregate data across many sub-categories into broad groups such as

“Scottish domicile” or “white.” While a more detailed breakdown would be helpful, the small
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numbers in many groups prohibit this. The demographic characteristics selected for study are based
partly on the concept of a “protected characteristic” for which there is a legal obligation to promote
equality within the UK (28), partly on demographic characteristics known to be important from past
research, and partly on availability of data. To give two examples of data availability, marital status
and sexual orientation had levels of missingness that were too high to achieve necessary levels of
power. The four categories described here (known/no known disability, international, non-
EU/Scottish domicile, non-white/white and female/male) represent all those selected for full
analysis and all analyses have sufficient power to detect medium effects. We selected Scottish (as
opposed to whole UK) domicile due to Scottish domiciled candidates having already experienced the
Scottish legislative and educational framework and having selected a medical school relatively close
to home. Furthermore, differences in the funding approach in Scotland compared to the rest of the
UK made merging the two groups less defensible. Non-Scottish domiciled UK students were included
in the other comparisons and so e.g. an English domiciled student who provided valid information on

gender would have been reported for that analysis.

Socioeconomic status (SES) was recorded in the dataset in two forms. Firstly, candidates had the
opportunity to list parental occupation. Over 90% of candidates did not fill this in. A second proxy for
SES was candidate postcode, which can be converted into an index of multiple deprivation. (29)
However, it was not possible to effectively compare Scottish, non-Scottish UK, and international
measures of SES within a single dataset. As such we did not explore this covariate further in the

present study.

[Insert Table 1 about here]
[Insert Table 2 about here]
Data Protection and ethics

This project represented a considerable challenge under data protection legislation and required a
careful and thorough evaluation of ethical issues. To ensure data protection, a designated team
member undertook an honorary contract with each partner and worked in tandem with a data
custodian at that school. This meant individualised data was never transferred outside of the school
servers, and a thorough anonymisation protocol was used to verify that no “unique” combinations
could identify candidates from their data patterns. Ethical approval was granted by the ethics
committee for the College of Medicine and Veterinary Medicine at the University of Edinburgh
(reference: 2018/7), and then separately approved by an ethics board and a data protection officer

at each of the other schools. All participants gave informed consent. Prior to data analysis, all
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partners agreed to disseminate the results in public and to representatives of the study population:

in this case, medical student organisations.

When describing inequities researchers must ensure individuals are described fairly and
appropriately, without discriminatory language. Throughout this paper, we have used language
which shows that group membership itself does not cause an attainment gap and is never a direct
determinant of performance, and instead likely reflects systemic societal issues. We have provided
some additional references which may be helpful in exploring language choice when describing

historically under-represented groups. (4,20)
Patient and public involvement

The study was carried out exclusively on medical students and did not involve patients in any way.

As such, there was no patient or public involvement.
Statistical analyses

Each medical school has a locally designed curriculum and assessment environment. We investigate
written assessment as the most comparable form of assessment, as the available clinical
examinations vary considerably across the schools in both timing and format. To allow like-for-like

comparisons across different written assessments we converted each cohort of data to z-scores. (30)

A z-score is a standardised measurement, where a score of zero indicates the candidate has received
exactly the mean mark on the assessment, and a score of +/ - 1 indicates they have received a mark
one standard deviation above or below the mean respectively. This is analytically helpful because it
allows for comparisons where relative (rather than absolute) differences are important. If a
candidate from one medical school receives a mark of 75, and a candidate from another medical
school receives a mark of 70 on two different assessments, it is difficult to know who is more
capable. But if the z-score for each candidate is 0, this indicates they are of the same level of ability

relative to their peers and that they are both average.

We used the Shapiro-Wilk test to model residual values to test for normality. (31) Although the
normality parameters were violated (W = 0.99, p < 0.001) further investigation suggested that
parametric testing would still be more appropriate as parametric tests are more effective at
minimising the risk of false positives where the group sample sizes and standard deviations vary
across groups. (32) Sample sizes were sufficient to detect small effects at 80% power for ethnicity,
gender and domicile, whereas for disability status the unequal group sizes and small numbers of
students self-reporting a disability allowed for only medium effects at 80% power. (33) Due to the

low sample sizes within each medical school it was not feasible to compare inter-medical school
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variability with sufficient power. Likewise, it was not possible to compare intersectional DA (e.g.,
ethnicity and gender). We used Welch’s t-test for significance testing as a more robust alternative to

other t-tests. (34) All analyses were carried out using R. (35)
Design choices

We made several design choices that influence the final dataset. Most importantly, by only including
candidates who reach final assessment we exclude the majority of those who experienced major
difficulties early in their studies. However, the only alternative is to either measure graduation rates,
which prevents granular analyses as the overwhelming majority of students pass medical school
(36), or attempt some form of imputation to estimate final performance of candidates who never
reached that stage of education, with significant uncertainty over the accuracy of such estimates.
We opt for a simple approach of reporting data only where fully available. One consequence of this
is that variability is higher in final assessment than in first year, with more candidates performing
poorly, so most z-score change values were negative. For example, it would be possible for a
candidate to receive an A in first year and an F in final year and participate in our study, but it would
not be possible for the reverse to be true — unless the student successfully resat assessment and
then completed within the specified timeframe. This can be considered a form of “survival bias” and

approaches to the problem always require trade-offs. (37)

To investigate survival bias, we compared the ratios of those who did versus those who did not
provide final year assessment results for each group. For example, we compared the ratio of non-
white/white completers against non-white/white non-completers. No differences in the ratios were
detected for any studied group. This likely reflects the fact that non-completion (by the end of the

present study) was due to a variety of factors and did not in itself indicate academic difficulty.

Following this, we carried out a number of comparisons. Firstly, we calculated the z-score for each
student in their first year and then final assessment. We explored the equivalence of school. We
compared z-score change between groups to see whether attainment gaps were growing or
shrinking during medical school. Finally, we ranked all candidates to see who would appear in either

the top or bottom decile for the final assessment.
Results

We first tested whether the performance profiles of each school were sufficiently similar to pool
data into a single sample. We compared the shapes of the distributions, frequencies of outliers, and
the overall variability of each cohort. After confirming the equivalence of the cohorts, we pooled all

data into a combined sample of 1,512 students.
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Table 3 provides a summary of (a) the z-score for each demographic characteristic per assessment,
(b) the relative change in z-score over time and (c) whether the z-score change between groups is
significant. For the present study, we are not interested in the attainment gap at either the start or
end of medical school — but whether the magnitude of the gap changes over time. We found that
the gap grew significantly for white vs. non-white students (t(449.39) = 7.37, p =.001, d = .49, 95%
Confidence Interval 0.34 to 0.58), for internationally domiciled vs. Scottish domiciled students
(t(205.8) =-7,p=0.01, d =0.61, -0.75 to -0.42), and for male vs. female students (t(1336.68) = 3.54,
p=0.01,d=0.19, 0.08 to 0.27). No significant differences were observed for candidates with vs.

without a known disability.
[Insert Table 3 about here]

For the three significant analyses, non-white, internationally domiciled, and male candidates were
awarded a relatively higher score at the start of medical school. By the end of medical school, they
were respectively awarded a lower score then white, Scottish-domiciled, and female students. The
effect size was medium when testing ethnicity and domicile, and small for testing gender. In
summary, non-white, internationally domiciled, and male students experienced a relative decline in
their achieved marks at medical school which cannot be explained by low attainment before or in

the first year of medical school.

Finally, we estimated how often medical students of different demographics would appear in the top
and bottom decile based on their z-scores vs. their expected frequencies based purely on how many

existed in each category. Table 4 summarises the details.
[Insert Table 4 about here]

Decile 1 is the highest scoring decile and decile 10 is the lowest scoring decile. Students with a
known disability, Scottish students and non-white students are over-represented in the bottom
decile and under-represented in the top decile. Students with no known disability, and white
students, are over-represented in the top decile and under-represented in the bottom decile.
International students, and male students, are over-represented in both the top and bottom decile.

Female students are under-represented in the top and bottom decile.

This analysis shows that many groups exhibit differences not just in mean performance, but also in
variability, with some candidates being under- and over- represented at the extremes of the

distribution.

Discussion
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Statement of principal findings

Differential Attainment exists within Scottish medical schools, with small to medium effects. The
analysis described here demonstrates both the considerable difficulty in organising datasets to
longitudinally investigate DA, and the ongoing importance of such work. Even among successful
medical students — and the overwhelming majority of those described in the present dataset have
become doctors — DA exists. The fact that many attainment gaps grow during medical school

suggests educational factors within medical schools may promote DA.
Strengths and weaknesses of the study

It is important not to over-state the findings. Small to medium effect sizes are consequential and
impact student education, but there remains considerable variance between students of all groups.
In this dataset, candidates across the attainment continuum were present in every group. In
addition, the core purpose of medical education — graduating a safe doctor — has been met for
almost all participants in the dataset. The gaps observed here must be placed in this context. Finally,
as until now we have operated in an environment with almost no published data, there is a risk that
organisations which attempt to directly engage with the problem of DA are criticised for the
differences they reveal, which may in turn drive reluctance to explore the issue in depth. It is

important that stakeholders support the exploration of DA across the sector.

This study represents a novel attempt to understand DA not as a fixed factor, but as a changing
influence on student performance and behaviour. The sample size and range suggest we can be
confident the findings are potentially generalisable to other UK medical schools. By opting for a

straightforward methodology, we believe the findings are robust and can inform future policy.

Despite this, there are limitations. The challenges of organising a longitudinal study using data from
a range of institutions with varying outcome measures should not be understated. We have made
design choices — such as excluding those who failed before reaching finals — which may influence the
pattern of results. Due to the relatively small sample sizes of some groups, it was not possible to

I”

explore “intersectional” DA for e.g. candidates who were non-white and female. (38) Due to the
nature of the available data on SES, we were not able to include SES as a covariate in the present
study. All candidate demographics were self-reported, and so some information could theoretically
be inaccurate. While we consider the curricula and assessment of the institutions to be sufficiently
similar to allow for a combined analysis, it is possible that local factors may have created some

unidentified sources of variance.
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The lack of a shared, standardised assessment across schools required the use of z-scores (or an
equivalent method) and the presence of a standardised assessment, such as the forthcoming UK

Medical Licensing Assessment, would have greatly simplified the analysis. (39)

Data collection was challenging, and it was clear that there was no expectation during data creation
that assessment-level data would be required five or ten years after the assessment was sat. Medical
education data should be thought of as “perishable” — it is possible that even relatively recent data is
being lost, overwritten, or rendered inaccessible. If medical educators wish to investigate DA across
time it is critical that better data collection practices are implemented, and historic data sources
should be secured and documented in national-level databases. (40) The alternative is that we may

establish excellent prospective analyses for which we will have no useful data for up to a decade.
Comparison with other studies and unanswered questions

DA exists across medical education systems across the world and should always be considered when
designing teaching and assessment. (4,5) Our findings support and extend past work exploring DA in
postgraduate medical education. (9,12,13,21) and at medical school. (15,24) Importantly, our study
also confirms that we remain unclear, as a sector, on the mechanisms behind DA. (18,19) All
organisations involved in medical education must proactively consider how they approach fairness in

medical education, and evaluate the impact of DA.

The limitations described above are logical opportunities for future work. Exploring the impact of
SES, analysing intersectional characteristics, and studying those who do not graduate may offer
insights into both the scope and mechanisms of DA. Exploring candidate domicile in a more granular
fashion (such as measuring the distance between home and their selected medical school) may be
helpful, especially alongside measurements of SES. Importantly, the design challenges highlighted
here will persist until institutions develop rigorous framewaorks to investigate long-term changes in

student performance.
Implications and conclusions

The present study demonstrates DA changes in magnitude during undergraduate medical education.
Combined with evidence that candidates of some groups are less likely to be given awards (15) and
more likely to experience prejudice (24), it is very plausible that some of the mechanisms of DA are
located in, or caused by, aspects of medical education within medical schools. As such, institutions
must consider the possibility that their actions contribute to DA and develop appropriate policies for

investigation and correction. (14)
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507 Table 1: Participants, data ranges and assessments used

508

School name

University of
Aberdeen

University of Dundee

University of
Edinburgh

University of Glasgow
509

Sample
size

104

202

871

335

Data range

2014/2017
2013/2016 & 2014/2017
2009/2013, 2010/2014,
2011/2015, 2012/2016 &

2013/2017

2014/2018 & 2015/2019

First year
assessment

MCQ and SAQ

McQ

MCQ and SAQ

MCQ

Page 20 of 26

Final assessment

MCQ and SAQ

McQ

McQ

MCQ

510 Note: Data range described the first/final year of assessment data for each cohort. "Multiple Choice
511 Questions" (MCQs) requires students to select the correct answer from a series of options. "Short
512  Answer Questions" (SAQs) require students to type or write a short answer. All assessments were
513 written rather than clinical.

514
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1
2
2 515  Table 2: Demographic characteristics of the study sample
5 Demographic I
? Characteristic Category Institution n Total n
8 Aberdeen 13
9 L Dundee 13
10 Known disability ) 102
" Edinburgh 74
12 o Glasgow 2
Disability 1512
13 Aberdeen 91
14 o Dundee 189
15 No known disability . 1410
16 Edinburgh 797
17 Glasgow 333
12 Aberdeen 2
20 Dundee 17
EU (non-UK) ) 44
21 Edinburgh 14
22 Glasgow 11
23
24 Aberdeen 9
25 ) Dundee 12
26 International ) 146
. Edinburgh 88
Glasgow 37
28 Domicile g 1512
29 Aberdeen 24
30 Dundee 40
31 Rest of UK ) 500
32 Edinburgh 354
33 Glasgow 82
gg Aberdeen 69
36 Dundee 133
Scotland . 822
37 Edinburgh 415
;2 Glasgow 205
40 Aberdeen 27
41 ) Dundee 21
42 Non-white _ 298
43 Edinburgh 157
44 Glasgow 93
45 Aberdeen 77
46 Ethnicity ) Dundee 165 1512
47 White ) 1143
48 Edinburgh 665
49 Glasgow 236
?1) Dundee 16
52 Unknown Edinburgh 49 71
53 Glasgow 6
54
. Aberdeen 67
56 Dundee 129
Female ] 877
57 Gender Edinburgh 480 1512
gg Glasgow 201
60 Male Aberdeen 37 635
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516

517
518
519

520

Note: Candidates of “unknown” ethnicity, “EU (non-UK)” and “Rest of UK” domicile students are not
included in any analyses described in the present study. All demographic characteristics relied on

BMJ Open

Dundee 73
Edinburgh 391
Glasgow 134

self-report data.
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Table 3: Z-score change during medical school study K
(o]
S
w
n
First First Final Final <
Demographic assessment assessment assessment assessment CHange Change
Characteristic Category (mean) (SD) (mean) (SD) (r\gean) (SD) Significance/Cl
S
Disability Known disability -0.15 0.94 -0.38 0.73 —'g.18 0.93
No known disability 0.09 0.89 -0.05 0.93 D1 0.95
2
Domicile International 0.46 0.83 -0.4 0.92 -@.57 0.92 * (-0.75 to -
Scotland -0.08 0.91 -0.05 0.9 go1 0.97 0.42)
=
Ethnicity Non-white 0.15 0.93 -0.34 1.06 8.45 0.96 *(0.34 to
White 0.04 0.89 -0.02 0.88 50 0.92 0.58)
3
g
Gender Female 0.03 0.89 -0.01 0.88 —g.03 0.93 * (0.08 to
Male 0.14 0.89 -0.2 0.98 @.2 0.97 0.27)
3
o

=]
Note: * indicates statistical significance at p = .001. 95% confidence intervals are given for significant results. For modgl values see text. Statistical
significance indicates the relative attainment gap between categories changed significantly during the course of stud@
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Table 4: Rankings of top and bottom decile by demographic characteristic

aldas € U0 9509v0-020Z-Usdofwig

Demographi n X I
eMog a? .C n Category Percentage Decile nin decile expecte actua
characteristic category percentagé& percentage

[
o 1 5 ~ 0.33
Known disability 102 6.75 0.68 o
o 10 14 N 093
Disability 1512 No 1 e - 9.59
o known .
I 1410 93.25 9.32 ¢
disability 10 136 5 8.99
_ 1 21 e 1.39
International 146 9.66 097 2
. 10 19 = 1.26
Domicile 968 3
1 78 3 5.16
Scotland 822 54.37 5.44 =
10 85 = 5.62
_ 1 24 = 1.59
Non-white 298 19.71 1.97 3
o 10 54 S 3.57
Ethnicity 1441 B
. 1 115 3 7.61
White 1143 75.6 756 ©
10 92 2 6.08
1 85 S 5.62
Female 877 58 58 =
10 81 9 5.36
Gender 1512 >
1 65 S 4.3
Male 635 42 42 =
10 69 © 4.56
N
o
N
D
g
«Q

c
Note: n indicates the total sample size for that characteristic, while n category indicates the sample size for the indivi&ual category. Percentage indicates
the proportion of students from that category in the overall sample. Decile 1 is the highest (i.e. best performing) deciléé, decile 10 is the lowest (i.e. worst
performing) decile. N in decile gives the number of candidates who actually appeared in that decile, and the differen@ between the expected and actual

percentage shows whether the category is over- or under- represented.
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2 institutions must consider the possibility that their actions contribute to DA and develop appropriate policies f@r investigation and correctionSTROBE
i 2007 (v4) checklist of items to be included in reports of observational studies in epide@\iology*
5 Checklist for cohort, case-control, and cross-sectional studies (combined) 2
g q w
6 Section/Topic Item # | Recommendation w Reported on page #
/ Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract ° 1/1
8 e /
=
9 (b) Provide in the abstract an informative and balanced summary of what was done and wha®@was found
£ 5/70
10 )
11 Introduction Q
12 Background/rationale 2 Explain the scientific background and rationale for the investigation being reported g 7/109
O
12 Objectives 3 State specific objectives, including any pre-specified hypotheses 5 8/158
[®}
15 Methods %
1? Study design Present key elements of study design early in the paper g 8/164
18 Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposui, follow-up, and data 8/164 —11/292
19 collection =
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of pat'Eticipants. Describe
20 8/164
21 methods of follow-up
22 Case-control study—Give the eligibility criteria, and the sources and methods of case ascerta%ment and control
23 selection. Give the rationale for the choice of cases and controls 3
24 Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection Ef participants
25 (b) Cohort study—For matched studies, give matching criteria and number of exposed and U xposed 9/200
26 Case-control study—For matched studies, give matching criteria and the number of controls per case
27 Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modlfle:zs Give diagnostic 11/246 — 12 /268
28 criteria, if applicable ]
29 —
30 Data sources/ measurement 8* For each variable of interest, give sources of data and details of methods of assessment (me: %surement). Describe 9/179
31 comparability of assessment methods if there is more than one group Q
32 Bias 9 Describe any efforts to address potential sources of bias ; 9/195 & 10/226
33 Study size 10 Explain how the study size was arrived at Q 8/168
34 Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe whlchgroupings were chosen | 9/203 & 11/246
35 and why R
g? Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding % 11/246
38 (b) Describe any methods used to examine subgroups and interactions § 12/270
ig (c) Explain how missing data were addressed ; 12/283
41 (d) Cohort study—If applicable, explain how loss to follow-up was addressed g 12/283
«Q
42 =y
22 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Case-control study—If applicable, explain how matching of cases and controls was addressed@
Cross-sectional study—If applicable, describe analytical methods taking account of sampling @rategy

(e) Describe any sensitivity analyses > NA
=
Results »
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, ex%’mlned for eligibility, 8/164 & 12/294
confirmed eligible, included in the study, completing follow-up, and analysed 8
(b) Give reasons for non-participation at each stage % NA
(c) Consider use of a flow diagram g NA
Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and informatio_ﬁon exposures and 9/200
potential confounders o
(b) Indicate number of participants with missing data for each variable of interest § 9/200
(c) Cohort study—Summarise follow-up time (eg, average and total amount) gs_ 9/179
. D
Outcome data 15* | Cohort study—Report numbers of outcome events or summary measures over time o NA
Case-control study—Report numbers in each exposure category, or summary measures of e@iosure 9/200
Cross-sectional study—Report numbers of outcome events or summary measures .,% NA
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their p@ision (eg, 95% NA
confidence interval). Make clear which confounders were adjusted for and why they were in8luded
(b) Report category boundaries when continuous variables were categorized B NA
=
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningfg'l time period NA
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analzs'es 12/294
Discussion 3
Key results 18 Summarise key results with reference to study objectives 3 14/330
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision -i)lscuss both direction 14/350
and magnitude of any potential bias ©
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multlpllc@ of analyses, results 15/385
from similar studies, and other relevant evidence s_
Generalisability 21 Discuss the generalisability (external validity) of the study results Z 15/371
Other information é
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicableg for the original study on 3/57

which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in ¢

@Da10810l
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1 S
2 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published exan@les of transparent reporting. The STROBE
3 checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine®rg/, Annals of Internal Medicine at
4 http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.s?obe-statement.org.
5 =1
6 o
7 g
8 :
9 3
10 N
11 S
12 o
13 2
14 2
15 2
16 3
17 3
18 =)
19 g
20 5
21 2
22 kS
23 =
24 3
25 8
26 2
27 S
28 T
29 oy
30 B
31 N
32 g
33 Q
34 &
35 -'?
36 S
37 s
38 g
39 g
40 8
©
41 s
42 S
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