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Abstract

Background: Medical schools differ, particularly in their teaching, but it is unclear whether such differences matter,
although influential claims are often made. The Medical School Differences (MedDifsstudy brings together a wide
range of measures of UK medical schools, including postgraduate performance, fitness to practise issues, specialty

choice, preparedness, satisfaction, teaching styles, entry criteria and institutional factors.

Method: Aggregated data were collected for 50 measures across 29 UK medical schools. Data include institutional
history(e.g. rate of production of hospital and GP specialists in the past), curricular influencésg. PBL schools,
spend per student, staff-student ratio), selection measurésg. entry grades), teaching and assessmeéng. traditional
vs PBL, specialty teaching, self-regulated learning), student satisfaction, Foundation selection sEorexdation
satisfactiorpostgraduate examination perfonawaand fitness to practigpostgraduate progression, GMC sanctions).
Six specialties (General Practice, Psychiatry, Anaesthetics, Obstetrics and Gynaecology, Internal Medicine, Surgery)
were examined in more detail.

Results: Medical school differences are stable across time (median alpha = 0.835). The 50 measures were highly
correlated, 395 (32.2%) of 1225 correlations being significant with p < 0.05, and 201 (16.4%) reached a Tukey-
adjusted criterion of p < 0.0025.

Problem-based learning (PBL) schools differ on many measures, including lower performance on postgraduate
assessments. While these are in part explained by lower entry grades, a surprising finding is that schools such as
PBL schools which reported greatestudent satisfaction with feedback also showed lowerperformance at
postgraduate examinations.

More medical school teaching of psychiatry, surgery and anaesthetics did not result in more specialist trainees.
Schools that taught more general practice did have more graduates entering GP training, but those graduates
performed less well in MRCGP examinations, the negative correlation resulting from numbers of GP trainees and
exam outcomes being affected both by non-traditional teaching and by greater historical production of GPs.
Postgraduate exam outcomes were also higher in schools with more self-requlated learning, but lower in larger
medical schools.

A path model for 29 measures found a complex causal nexus, most measures causing or being caused by other
measures. Postgraduate exam performance was influenced by earlier attainment, at entry to Foundation and entry
to medical school (the so-called academic backbone), and by self-regulated learning.

Foundation measures of satisfaction, including preparedness, had no subsequent influence on outcomes. Fitness to
practise issues were more frequent in schools producing more male graduates and more GPs.

Conclusions: Medical schools differ in large numbers of ways that are causally interconnected. Differences between
schools in postgraduate examination performance, training problems and GMC sanctions have important
implications for the quality of patient care and patient safety.

Keywords: Medical school differences, Teaching styles, National Student Survey, National Training Study,
Postgraduate qualifications, Fitness to practise, GMC sanctions, Problem-based learning, Preparedness, Institutional
histories
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Background

Medical schools differ. Whether those differences matter
is however unclear. The UK General Medical Council
(GMC), in a 2014 review of medical school differences
in preparedness for Foundation Programme training] [
commented that perhaps,

Variation between medical schools in the interests,
abilities and career progression of their graduates is
inevitable and not in itself a cause for concern

In contrast, the GMCs 1977 Report had been more bull-
ish, quoting the 1882 Medical Act Commission:

It would be a mistake to introduce absolute uni-
formity into medical education. One great merit of
the present system.. lies in the elasticity which is

Page 3 of 35

Licensing Assessment (UKMLA) should change tha&].[

In recent years, it has become clear that graduates from
different medical schools vary substantially in their per-
formance on postgraduate assessments, including MRCP
(UK) [10, 1], MRCGP [L1-14], MRCOG [15 and FRCA
[16], direct comparison being possible as the exams are
identical for graduates of all medical schools.

The present study, Medical School Differencell€d-
Difs), which evaluates the nature of medical school dif-
ferences, addresses three specific questions and one
general question about how UK medical schools differ,
using a database containing fifty different descriptive
measures of medical schools.

1. Preparednes®o medical schools differ in the
preparedness of their graduates for Foundation
training, and do differences in preparedness matter?

produced by the variety and number of educational 2. Problem-based learning (PBL) schobis graduates
bodies... Nothing should be done to weaken the in- from PBL schools differ in their outcomes
dividuality of the universities... [2, 3] (p.X, para 37). compared with non-PBL graduates?
3. Specialty teaching and specialty choidees more
Whether variation is indeed d'great merit' or poten- undergraduate teaching of particular specialties,
tially “cause for concerhis actually far from clear. In such as General Practice or Psychiatry, result in
2003, one of us [ICM] had asked whether medical school more graduates choosing careers in General
differences reflected;beneficial diversity or harmful de- Practice or Psychiatry?
viations', pointing out that, 4. Analysing the broad causal picture of medical school
differencesWhat are the causal relations between
few studies have assessed the key question of the ex- the wide set of measures of medical schools, and
tent to which different educational environmentshe can one produce a map of them?
they differences in philosophy, method of delivery,
content, approach, attiides, or social contextpro- Preparedness

duce different sorts of doctor4]. The GMC has been particularly interested in there-
parednessof medical school graduates for Foundation
Five years later, an appendix to the UK Tooke Report oftraining, in part following on from the Tooke Repoi$
2008 asked for, question on which schoolsgraduates are the best pre-
pared Foundation traineess]. The GMC commissioned a
large-scale qualitative study in 20087, which clearly de-
scribed the extent of preparedness and sometimes its ab-
sence, but also reported finding no differences between
three very different medical schools (one integrated, one
PBL and the third graduate-entry). The UK National
Training Survey (NTS), run by the GMC, has reported
that “there are major differences between medical schools
in the preparedness.. of their graduates [for Foundation
Since those statements were written, systematic data orraining]” [1]. The GMC explanations of the differences
UK medical school differences have begun to emerge andre sufficiently nuanced to avoid any strong conclusions,
will continue to do so in the future as the UKMED data- so that“there is room to debate whether the variation be-
base develops6]. Different students have long been tween schools in graduate preparedness is a probl¢).
known to apply to different medical schools for different Nevertheless, the GMC covers well the domain of possible
reasons T]. Comparing outcomes at graduation from dif- explanations. Preparedness measures are themselves per-
ferent UK medical schools is difficult, since schools cur-ceptions by students and are yet to be validated against ac-
rently have no common final assessment (and indeed mayual clinical behaviours, and the GMC report suggests that
set different standards §]), although the UK Medical differences‘may be due to subjective factors rather than

answers to some fundamental questions. How does
an individual student from one institution compare
with another from a different institution? Where
should that student be ranked nationally?. Which
medical schoolsstudents are best prepared for the
Foundation Years and, crucially, what makes the dif-
ference?$] (p. 174)
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real differences between medical schools or in the perstudents enrolled at some schools may vary in their
formance of their graduatés[1], with a suggestion that potential.

differences are perhaps related to student perceptions in

the National Student Survey (NSS). The eventual conclu-

. . Problem-based learning schools
sions of the GMCs report are less sanguine than the sug- . . . .
. o SRR Medical schools differ in the processes by which they
gestion that variation might‘not in itself [be] a cause for

concerri, as variation in preparednesScan highlight teach and assess, and the GMC report asiGan we
e prepa ! highig draw any associations between preparedness and types
problematic issues across medical education [which

. . . . of medical school? particularly asking about problem-
may be] tled_to p‘f"T“C“'ar locations- perhapswith causes based learning (PBL), which is more common in the
that can _b_e identified and addressed1] [our emphasis]. newer medical schoolé. Two different reviews are cited
That p03|t|or_1 has been de\_/eloped by_Terence Stephensortzo, 21], but reach conflicting conclusions on the specific
who as Chair of the GMC in 2018 saidThe best schools ffects of PBL
show over 90% of their graduates feel well prepared, buf The MedDifé study aims to ask how medical school
there's at least a 20 point spread to the lowest performing di y

, . fferences in teaching and other measures relate to dif-
schools [...]. I'd be pretty troubled if | was one of those . . . .
. ' ferences in medical school outcomes. While systematic
students [at a low performing schodl][18].

. . . data on medical school outcomes have been rare until
The GMC report considers a wide range of issues be- . .
recently, data on the detailed processes of medical

yond prepa_redness tself, and_ together,_ they survey .mucgchool teaching, and how they differ, have been almost
of the terrain that any analysis of medical school differ-

. . non-existent. The Analysis of Teaching of Medical
ences must consider. Graduates of different schools arPSchooIs(AToMS) study 2], which is a companion to
"”OW_” t_o vary in their Iikeliho_od of entering pgrticular_ the present paper, address'es that issue directly and pro-
s_pgualtms, with differences in General Practice bemq/ides detailed data on timetabled teaching events across
visible for several decaded9]. Current concerns focus the 5 years of the undergraduate course in 25 UK med-
parti(_:ularly_ on General Practice and Psychiatry. The re-ical schools. PBL and non-PBL schools differed on a
portis equivocal about: range of teaching measures. Overall schools could be
classified in terms of two dimensions or factor®BL vs
traditional and structured vs non-structured and those
two summary measures are included in the current set
of fifty measures.

Schools differ not only in how they teach but in how
they assess2B] and the standards that are se8J, the
GMC report commenting that“There is also the moot
point about how students are assessed. There is some
evidence that assessment methods and standards for
passing exams vary across medical schdo[d4]. The
possibility is also raised thdta national licensing exam-
ination might reduce variation in preparedness by pre-
venting some very poor graduates from practising and
possibly by encouraging more uniformity in undergradu-
ate curricula’ [1].

the substantial variations between medical
schools in relation to specialisation of their gradu-
ates, whether or not this is desirable. On the one
hand, the pattern can be seen as resulting from
competition for places in specialty training and as
reflecting the relevant and relative strengths of the
graduates applying and progressing. On the other
hand, the medical schools producing large numbers
of GPs are helping to address a key area of concern
in medical staffing. The specialties most valued by
students or doctors in training may not be the most
valuable to the NHS. 1]

The interpretation of “major differences between med-
ical schools in the... subsequent careers of their gradu-
ates [1] is seen as problematic:
Specialty teaching and specialty choice
Clearly, events later in a doctr career will tend to be The GMC's report has shown that there is little certainty
less closely attributable to their undergraduate educa- about most issues concerning medical school differences,
tion. In any case, this information is not sufficient to  with empirical data being limited and seldom cited. In
demonstrate that some schoolsre better than others contrast, there are plenty of clear opinions about why
That depends on the criteria you use, and not least medical schools might differ. Concerns about a shortage
whether it is relevant to consider the value added by of GPs and psychiatrists have driven a recent discourse
the medical school taking into account the potential of in medical education which concludes that it is differ-
the students they enrol.1] [our emphasis] ences between medical schools in their teaching which
drive differences in outcomes. Professor lan Cumming,
A simple description of‘better than other$ is contrasted the chief executive of Health Education England (HEE),
with a value-added approach, which accepts that theput the position clearly when he said:
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It’s not rocket science. If the curriculum is steeped greater academic challenge is to understand the rela-
in teaching of mental health and general practice tions between the wide set of ways that can charac-
you get a much higher percentage of graduates who terise differences between medical schools. The set of
work in that area in future. 4] fifty measures that we have collected will be used
here to assess how medical school differences can be
In October 2017, the UK Royal College of Psychiatristsexplained empirically, in what we think is the first
also suggested that, systematic study of how differences between UK med-
ical schools relate to differences in outcome across a
medical schools must do more to put mental health broad range of measures.

at the heart of the curriculum... and [thereby] en- Medical schools are social institutions embedded in
courage more medical students to consider specia- complex educational systems, and there are potentially
lising in psychiatry R5], very many descriptive measures that could be included

at all stages. All but a very small number of the 50 mea-
although there was an acknowledgment by the Coll&ge sures we have used are based on information available in
President that, the public domain. Our study uses a range of measures
that potentially have impacts upon outcomes, some of
the data we currently have to show how well a med- which are short term (e.g. NSS evaluations, or prepared-
ical school is performing in terms of producing psy- ness) and some of which are historical in the life of insti-
chiatrists is limited R5] tutions or occur later in a studeris career after leaving
medical school (e.g. entry into particular career special-
That limitation shows a more general lack of proper evi- ties, or performance on postgraduate examinations).
dence on differences in medical teaching, and only withThere are many potential outcome measures that could
such data is a serious analysis possible of the effects of mette investigated, and for examination results, we have
ical school differences. Which measures are appropriate isoncentrated on six particular specialties: General Prac-
unclear, as seen in a recent study claiming a relationshigice and Psychiatry because there is current concern
between GP teaching and entry into GP trainin@q] with  about recruitment, as there is also for Obstetrics and
“authentic’ GP teaching, defined a4eaching in a practice Gynaecology (O&G) 30, 31]; Surgery, as there is a re-
with patient contact, in contast to non-clinical sessions cent report on entry into Core Surgical Training32];
such as group tutorials in the medical schdolThe political and Anaesthetics and Internal Medicine, since post-
pressures for change though are seen in the conclusion offraduate examination results are available (as also for
the House of Commons Health Committee thatThose General Practice and O&G). We have also considered
medical schools that do not adequately teach primary cargwo non-examination outcomes—problems with Annual
as a subject or fall behind in the number of graduatesRecord of Competency Progression (ARCP) (ARCP for
choosing GP training should be held to account by the non-exam reasons, and fitness to practise (FtP) problems
General Medical Council. [27]. The GMC however has with the General Medical Council) which many indicate
pointed out that it has“no powers to censure or sanction wider, non-academic problems with doctors.

medical schools that produce fewer GPR8], but differ- Many of our measures are inter-related, and a chal-
ences between schools in pass rates for GP assessmefgsige, as in all science, is to identifyausal relations
may be within the remit of its legitimate concerns. between measures, rather than mere correlations (al-

The processes by which experience of GP can influencéhough correlation is usually necessary for causation).
career choice have been little studied. Positive experiencednderstanding causation is crucial in all research, and
of general practice, undergraduate and postgraduate, maindeed in everyday life, fofCausal knowledge is what
result in an interest in GP mediated via having a suitablehelps us predict the future, explain the past, and
personality, liking of the style of patient care, appreciatingintervene to effect chande[33] (p. vii). The temporal
the intellectual challenge and an appropriate work-life bal- ordering of events is necessary, but not sufficient, for
ance P9, although the converse can occur, exposure toidentifying causes, sincécauses are things that pre-
general practice clarifying that general practice it an cede and alter the probability of their effectd34] (p.
appropriate career. Unfortunately, data on these variabler2). In essence, causes affect things that follow them,
factors are not available broken down by medical school. not things that occur before them. A priori plausibil-

ity, in the sense of putative theoretical mechanisms,
Analysing the broad causal picture of medical school and coherence, effects not being inconsistent with
differences what is already known, are also of help in assigning
Although the three specific issues mentioned so-fgore- causality B3]. And of course suggested causation is
paredness, PBL and specialty cheieare of importance, a always a hypothesis to be tested with further data.
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The details of the 50 measures will be provided in the

“Method” section, in Tablel, but a conceptual overview

along with some background is helpful here. Our mea-
sures can be broadly classified, in an approximate causal e

order as:

¢ Institutional history (10 measuredjledical schools

have histories, and how they are today is in large
part determined by how they were in the past, an
institutional variation on the dictum thatpast
behaviour predicts future behaviolf46. We have
therefore looked at the overall output of doctors; the e
production of specialists, including GPs, from 1990
to 2009; the proportion of female graduates; whether
a school was founded after 2000; and research
tradition.

Curricular influences (4 measure$) curriculum is a
plan or a set of intentions for guiding teachers and
students on how learning should take place, and is
not merely a syllabus or a timetable, but reflects
aspiration, intentions and philosoph#T]. PBL is

one of several educational philosophies, albeit that it
is “a seductive approach to medical educati¢A8]

(p. 7), the implementation of which represents

policy decisions which drive many other aspects of a
curriculum. Implementation of a curriculum, the
“curriculum in actior’ [47], instantiated in a .
timetable, is driven by external force4d, including
resources47], such as money for teaching, staff-
student ratio and numbers entering a school each

year.
Selection (3 measure$jedical schools differ in
the students that they admit, in academic .

qualifications, in the proprtion of female entrants

or in the proportion of students who arénon-

home’. Differences in entrants reflect selection by e
medical schools and also self-selection by students
choosing to apply to, or accept offers from, differ-
ent medical schools7], which may reflect course
characteristics, institubnal prestige, geography

etc. Academic attainment differences may result e
from differences in selection methods, as well as
decisions to increase diversity or accept a wider
range of student attainments‘gotential’ as the

GMC puts it [1]).

Teaching, learning and assessment (10 measures).
Schools differ in their teaching, as seen in the

two main factors in theAToMS study 22], which

Page 6 of 35

assessment2f3], and of self-regulated learning,
based on data from two other studie89 50,
described elsewhere?).

Student satisfaction measures (NSS) (2 measures).
Medical schools are included in the NSS, and two
summary measures reflect overall course
perceptions,‘overall satisfaction with teachifig@nd
“overall satisfaction with feedbatkThe

interpretation of NSS measures can be difficult,
sometimes reflecting student perceptions of course
easinessdl].

Foundation entry scores (2 measuréser
graduation, students enter Foundation training,
run by the Foundation Programme Office
(UKFPO), with allocation to posts based on
various measures. The Educational Performance
Measure (UKFPO-EPM) is based on quartiles or
deciles of performance during the undergraduate
course, as well as other degrees obtained (most
typically intercalated degrees), and scientific
papers published. Quartiles and deciles are
normed locally within medical schools, and
therefore, schools show no differences in mean
scores. The UKFPO Situational Judgement Test
(UKFPO-SJT) is normed nationally and can be
compared across medical school2[ 43).

F1 perception measures (4 measufesiir measures
are available from the GM& National Training
Survey (NTS), preparedness for Foundation training
[1], and measures of overall satisfaction and
satisfaction with workload and supervision during F1
training.

Choice of specialty training (4 measurdsje
proportion of graduates applying for or appointed as
trainees in specialties such as general practice.
Postgraduate examination performance (9 measures).
A composite measure provided by the GMC of
overall pass rate at all postgraduate examinations, as
well as detailed marks for larger assessments such as
MRCGP, FRCA, MRCOG and MRCP (UK).

Fitness to practise (2 measuré&n-exam-related
problems identified during the Annual Record of
Competency Progression assessments (Smith D.:
ARCP outcomes by medical school. London: Gen-
eral Medical Council, unpublished¥b, 52 (section
4.33), as well as GMC fitness to practise (FtP)
sanctions.

assess a more traditional approach to teaching as A more detailed consideration of the nature of causality
opposed to newer methods such as PBL or CBL and the ordering of measures is provided in Supplementary
(case-based learning), and the extent to which a File1.

course is structured or unstructured. There are
also differences in the teaching of particular

A difficult issue in comparing medical schools is
that in the UK there are inevitably relatively few of

specialties, as well as in the amount of summativehem—somewhat more than thirty, with some very
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Table 1 Summary of the measures of medical school differences. Measures in bold are included in the set of 29 measures in the

path model of Fig. 5

Measure
name

Group

Description

Reliability Notes on reliability

Institutional historyHist_Size

Hist_GP

Hist_Female

Hist_Psyc

Hist_Anaes

Hist OG

Hist_IntMed

Historical size of medical school. Based on GMC LRMP, with average
number of graduates entering the Register who qualified from 1990 to
2014. Note that since the University of London was actually five
medical schools, size is specified as an average number per London
school. Note also that Oxford and Cambridge refer to the school of
graduation, and not school of entry, with some Oxbridge graduates
qualifying elsewhere.

Historical production of GPs by medical schools. Based on the
proportion of 1990-2009 graduates on the LRMP on the GP Regjister.

Historical proportion of female graduates. Based on GMC LRMP,
with average percentage of female graduates entering the Register
from 1990 to 2014.

Historical production of psychiatrists by medical schools. Based on
the proportion of 1990-2009 graduates on the LRMP on the Specialist
Register for Psychiatry.

Historical production of anaesthetists by medical schools. Based
on the proportion of 1990-2009 graduates on the LRMP on the
Specialist Register for Anaesthetics

Historical production of obstetricians and gynaecologists by
medical schools Based on the proportion of 1990-2009 graduates on
the LRMP on the Specialist Register for O&G.

Historical production of internal medicine physicians by medical
schools. Based on the proportion of 1990-2009 graduates on the
LRMP on the Specialist Register for Internal Medicine specialties.

Hist_Surgery Historical production of surgeons by medical schools. Based on

Post2000

REF

Curricular
influences

Spend_
Student

Student _
Staff

PBL_School

the proportion of 1990-2009 graduates on the LRMP on the Specialist
Register for Surgical specialties.

New medical school. A school that first took in medical students after
2000. The five London medical schools are not included as they were
originally part of the University of London.

Research Excellence Framework. Weighted average of overall scores
for the 2008 Research Assessment Exercise (RAE), based on units of
assessment 1 to 9, and the 2014 Research Excellence Framework (REF)
based on units of assessments 1 and 2. Notes that UoAs are not
directly comparable across the 2008 and 2014 assessments. Combined
results are expressed as a Z score.

Problem-based learning school. School classified in the BMA guide
for medical school applicants in 2017 as using problem-based or case-
based learning [35], with the addition of St George's, which is also PBL.

Average spend per student. The amount of money spent on each
student, given as a rating out of 10. Average of values based on the
Guardian guides for university applicants in 2010 [36], 2013 [37] and
2017 [38].

Student-staff ratio. Expressed as the number of students per member
of teaching staff. Average of values based on the Guardian guides for

925

968

.831

736

716

584

945

634

n/a

691

n/a

843

.835

Based on numbers of
graduates in years 1990-
1994, 1995-1999, 2000-2004,
2005-2009 and 2010-2014

Based on rates for graduates
in years 1990-1994, 1995-
1999, 2000-2004 and 2005—
2009

Based on percentage of
female graduates in years
1990-1994, 1995-1999,
2000-2004, 2005-2009 and
2010-2014

Based on rates for graduates
in years 1990-1994, 1995-
1999 and 2000-2004. Ns for
2005-2009 graduates were
too low to be useful

Based on rates for graduates
in years 1990-1994, 1995-
1999 and 2000-2004. Ns for
2005-2009 graduates were
too low to be useful

Based on rates for graduates
in years 1990-1994, 1995-
1999 and 2000-2004. Ns for
2005-2009 graduates were
too low to be useful

Based on rates for graduates
in years 1990-1994, 1995-
1999 and 2000-2004. Ns for
2005-2009 graduates were
too low to be useful

Based on rates for graduates
in years 1990-1994, 1995-
1999 and 2000-2004. Ns for
2005-2009 graduates were
too low to be useful

n/a

Based on combined estimate
from RAE2008 and REF2014

Based on values for 2010,
2013 and 2017

Based on values for 2010,
2013 and 2017
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Table 1 Summary of the measures of medical school differences. Measures in bold are included in the set of 29 measures in the
path model of Fig. 5 (Continued)

Group Measure Description Reliability Notes on reliability
name
medical school applicants in in 2010 [36], 2013 [37] and 2017 [38].
Entrants_N  Number of entrants to the medical school. An overall measure of 994 Based on numbers of
the size of the school based on MSC data for the number of medical entrants 2012-2016
students entering in 2012-16.
Selection Entrants_ Percent of entrants who are female. 903 Based on entrants for 2012—
Female 2016
Entrants_ Percent of entrants who are “non-home”. Percentage of all entrants .958 Based on entrants for 2012—
NonHome for 2012-2017 with an overseas domicile who are not paying home 2017
fees, based on HESA data. Note that proportions are higher in Scotland
(16.4%), and Northern Ireland (13.3%), than in England (7.5%) or Wales
(5.9%), perhaps reflecting national policy differences. This variable may
therefore be confounded to some extent with geography. For English
schools alone, the reliability was only .537.
EntryGrades Average entry grades. The average UCAS scores of students currently .907 Based on values for 2010,
studying at the medical school expressed as UCAS points. Average of 2013 and 2017
values based on the Guardian guides for medical school applicants in
2010 [36], 2013 [37] and 2017 [38].
Teaching, learningTeach_ Traditional vs PBL teaching. Scores on the first factor describing n/a n/a
and assessment Factor1_ differences in medical school teaching, positive scores indicating more
Trad traditional teaching rather than PBL teaching. From the AToMStudy
[22] for 2014-2015.
Teach_ Structured vs unstructured teaching. Scores on the second factor n/a n/a
Factor2_ describing differences in medical school teaching, positive scores
Struc indicating teaching is more structured rather than unstructured. From
the AToMStudy [22] for 2014-2015.
Teach_GP Teaching in General Practice. Total timetabled hours of GP teaching  n/a n/a
from the AToMSurvey [22] for 2014-2015.
Teach_Psyc Teaching in Psychiatry. Total timetabled hours of Psychiatry teaching n/a n/a
from the AToOMSurvey [22] for 2014-2015.
Teach_AnaesTeaching in Anaesthetics. Total timetabled hours of Anaesthetics n/a n/a
teaching from the AToMSurvey [22] for 2014-2015.
Teach_OG Teaching in Obstetrics and Gynaecology. Total timetabled hours of  n/a n/a
O&G teaching from the AToMSurvey [22] for 2014-2015.
Teach_ Teaching in Internal Medicine. Total timetabled hours of Internal n/a n/a
IntMed Medicine teaching from the AToMSurvey [22] for 2014-2015.
Teach_ Teaching in Surgery. Total timetabled hours of Surgery teaching from n/a n/a
Surgery the AToMSurvey [22] for 2014-2015.
ExamTime Total examination time. Total assessment time in minutes for all n/a n/a
undergraduate examinations, from the AToMStudy [23] for 2014-2015.
SelfRegLearn Self-regulated learning. Overall combined estimate of hours of self- n/a n/a
regulated learning from survey of self-regulated learning [39] and HEPI
data [22].
Student NSS_Satis'n  Course satisfaction in the NSS. The percentage of final-year students .817 Based on values for 2010,
satisfaction satisfied with overall quality, based on the National Student Survey 2013 and 2017
measures (NSS). Average of values from the Guardian guides for medical school
applicants in 2010 [36], 2013 [37] and 2017 [38]. Further data are avail-
able from the Office for Students [40] with questionnaires also available
[41].
NSS_ Satisfaction with feedback in the NSS. The percentage of final-year ~ .820 Based on values for 2010,
Feedback students satisfied with feedback and assessment by lecturers, based on 2013 and 2017
the National Student Survey UKFPO- (NSS). Average of values from the
Guardian guides for medical school applicants in 2010 [36], 2013 [37]
and 2017 [38].
Foundation entry UKFPO_EPM Educational Performance Measure. The EPM consists of a within- .890 Based on values for the years

scores

medical school decile measure, which cannot be compared across
medical schools (“local outcomes” [42, 43]), along with additional points
for additional degrees up to two peer-reviewed papers (which can be

2013 to 2017
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Table 1 Summary of the measures of medical school differences. Measures in bold are included in the set of 29 measures in the
path model of Fig. 5 (Continued)

Group Measure Description Reliability Notes on reliability

name
compared across medical schools and hence are “nationally compar-
able”). Data from the UK Foundation Programme Office [44] are sum-
marised as the average of scores for 2012 to 2016.

UKFPO_SJT  Situational Judgement Test. The UKFPO-SJT score is based on a na-  .937 Based on values for the years
tionally standardised test so that results can be directly compared 2013 to 2017
across medical schools. The UK Foundation Programme Office [44] pro-
vides total application scores (UKFPO-EPM+ UKFPO-SJT) and UKFPO-

EPM scores, so that UKFPO-SJT scores are calculated by subtraction.

UKFPO-SJT scores are the average of scores for the years 2012-2016.
F1 perception F1_ F1 preparedness. Preparedness for F1 training has been assessed in 904 Based on values for 2012 to
measures Preparedess the GMC's National Training Survey (NTS) in 2012 to 2017 by a single 2017.

question, albeit with minor changes in wording [1]. For 2013 and 2014,

the question read “I was adequately prepared for my first Foundation

post’, summarised as the percentage agreeing or definitely agreeing.

Mean percentage agreement was used to summarise the data across

years. Note that unlike the other F1 measures, F1_Prep is retrospective,

looking back on undergraduate training.

F1_Satis’n F1 overall satisfaction. The GMC's NTS for 2012 to 2017 contained 792 Reliability of factor scores
summary measures of overall satisfaction, adequate experience, was not available, but
curriculum coverage, supportive environment, induction, educational reliabilities of component
supervision, teamwork, feedback, access to educational resources, scores were access to
clinical supervision out of hours, educational governance, clinical educational resources
supervision, regional teaching, workload, local teaching and handover, (alpha=.800, n =5);
although not all measures were present in all years. Factor analysis of adequate experience
the 16 measures at the medical school level, averaged across years, (alpha=.811, n =6); clinical
suggested perhaps three factors. The first factor, labelled overall supervision (alpha=.711, n=
satisfaction, accounted for 54% of the total variance, with overall 6); clinical supervision out of
satisfaction loading highest, and 12 measures with loadings of > .66. hours (alpha=.733,n =3);

F1_ F1 Workload. See F1_Sat for details. The second factor in the factor 792 f(sducat\_onal supfrmgon

- ) ) . . alpha=.909, n =6);

Workload analysis accounted for 11% of total variance with positive loadings of

F1_Superv'n

Choice of specialtyrainee_GP

training

Postgraduate
examination
performance

>.73 on Workload, Regional teaching and local teaching. The factor was
labelled workload.

F1 Clinical Supervision. See F1_Sat for details. The third factor in the ~ .792
factor analysis accounted for 8% of total variance with a loading of .62

on Clinical supervision and —0.75 on Handover. The factor was labelled
workload.

Appointed as trainee in General Practice. UKFPO has reported the 779
percentage of graduate by medical school who were accepted for GP
training and Psychiatry training (but no other specialties) in 2012 and
2014-2016. The measure is the average of acceptances for GP in the

4 years.

Trainee_PsycAppointed as trainee in Psychiatry. See Trainee_GP. UKFPO has 470

TraineeApp_
Surgery

TraineeApp_
Ans

GMC_
PGexams

reported the percentage of graduate by medical school who were
accepted for GP training in 2012 and 2014-2016. The measure is the
average of the different years.

Applied for Core Surgical Training (CST). Percentage of applicants to .794
CST for the years 2013-2015 [32].

Applied for training in Anaesthetics. A single source for the number n/a
of applications in 2015 for training in anaesthetics by medical school is

an analysis of UKMED data (Gale T, Lambe P, Roberts M: UKMED Project

P30: demographic and educational factors associated with junior

doctors' decisions to apply for general practice, psychiatry and

anaesthesia training programmes in the UK, Plymouth, unpublished).

Overall pass rate at postgrad examinations. The GMC website has n/a
provided summaries of pass rates of graduates at all attempts at all UK
postgraduate examinations taken between August 2013 and July 2016,

feedback (alpha=.840, n =
6); induction (alpha =741,
n =6); overall satisfaction
(alpha =883, n =6);
reporting systems

(alpha =846, n =2);
supportive environment
(alpha =669, n = 3); and
work load (alpha=.773, n=
6). Reliabilities of factor
scores estimated as median
of component scores

Based on rates for 2012,
2014, 2015 and 2016

Based on rates for 2012,
2014, 2015 and 2016

Based on rates for 2013, 2014
and 2015

n/a

n/a
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Table 1 Summary of the measures of medical school differences. Measures in bold are included in the set of 29 measures in the

path model of Fig. 5 (Continued)

Group Measure Description
name

Reliability Notes on reliability

broken down by medical school (https://www.gmc-uk.org/
education/25496.asp). These data had been downloaded but on 18
January 2018 but were subsequently removed while the website was
redeveloped, and although now available again, were unavailable for
most of the time this paper was being prepared.

MRCGP_AKTAverage mark at MRCGP AKT. MRCGP results at first attempt for the
years 2010 to 2016 by medical school are available at http://www.rcgp.
org.uk/training-exams/mrcgp-exams-overview/mrcgp-annual-reports.
aspx. Marks are scaled relative to the pass mark, a just passing
candidate scoring zero, and averaged across years. AKT is the Applied
Knowledge Test, an MCQ assessment.

MRCGP_CSAAverage mark at MRCGP CSA. See MRCGP-AKT. Marks are scaled rela-
tive to the pass mark, a just passing candidate scoring zero, and aver-
aged across years. CSA is the Clinical Skills Assessment, and in an OSCE-
type assessment.

FRCA_Ptl  Average mark at FRCA Part 1. Based on results for the years 1999 to
2008 [16]. Marks are scaled relative to the pass mark, so that just
passing candidates score zero.

MRCOG_Pt1 Average mark at MRCOG part 1. Performance of doctors taking
MRCOG between 1998 and 2008 [15]. Marks are scaled relative to the
pass mark, so that just passing candidates score zero. Part 1 is a
computer-based assessment.

MRCOG_Pt2 Average mark at MRCOG part 2 written. Performance of doctors
taking MRCOG between 1998 and 2008 [15]. Marks are scaled relative
to the pass mark, so that just passing candidates score zero. Part 2
consists of a computer-based assessment and an oral, but only the oral
is included here.

MRCP_Ptl Average mark at MRCP (UK) part 1. Marks were obtained for doctors
taking MRCP (UK) exams at the first attempt between 2008 and 2016.
Marks are scaled relative to the pass mark, so that just passing
candidates score zero. Part 1 is an MCQ examination.

MRCP_Pt2 Average mark at MRCP (UK) part 2. Marks were obtained for doctors
taking MRCP (UK) exams at the first attempt between 2008 and 2016.
Marks are scaled relative to the pass mark, so that just passing
candidates score zero. Part 2 is an MCQ examination.

MRCP_PACEBverage mark at MRCP (UK) PACES. Marks were obtained for doctors
taking MRCP (UK) exams at the first attempt between 2008 and 2016.
Marks are scaled relative to the pass mark, so that just passing
candidates score zero. PACES is a clinical assessment of physical
examination and communication skills.

Fitness to practiseGMC_ GMC sanctions. Based on reported FtP problems (erasure, suspension,

issues Sanctions conditions, undertakings, warnings: ESCUW) from 2008 to 2016, for
doctors qualifying since 1990. ESCUW events increase with time after
graduation, and therefore, medical school differences were obtained
from a logistic regression after including year of graduation. Differences
are expressed as the log (odds) of ESCUW relative to the University of
London, the largest school. Schools with fewer than 3000 graduates
were excluded. Note that although rates of GMC sanctions are
regarded here as causally posterior to other events, because of low
rates, they mostly occur in doctors graduating before those in the
majority of other measures. They do however correlate highly with
ARCP-NotExam rates which do occur in more recent graduates (see
above).

970

n/a

n/a

n/a

977

941

.857

691

Based on values for years
2010 to 2016

Based on values for years
2010 to 2016

n/a

n/a

Based on first attempts in
the years 2010-2017

Based on first attempts in
the years 2010-2017

Based on first attempts in
the years 2010-2017

Based on separate ESCUW
rates calculated for graduates
in the years 1990-1994,
1995-1999, 2000-2004 and
2005-2009. ESCUW rates in
graduates from 2010
onwards were too low to
have meaningful differences
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http://www.rcgp.org.uk/training-exams/mrcgp-exams-overview/mrcgp-annual-reports.aspx

McManus et al. BMC Medicine (2020) 18:136 Page 11 of 35

Table 1 Summary of the measures of medical school differences. Measures in bold are included in the set of 29 measures in the
path model of Fig. 5 (Continued)

Group Measure Description Reliability Notes on reliability
name
ARCP_ Non-exam problems at ARCP (Annual Record of Competency n/a n/a
NonExam Progression) [45] (section 4.33). Based on ARCP and RITA assessments

from 2010 to 2014 (Smith D.. ARCP outcomes by medical school.
London: General Medical Council, unpublished). Doctors have multiple
assessments, and the analysis considers the worst assessment of those
taken. Assessments can be problematic because of exam or non-exam
reasons, and only non-exam problems are included in the data. Medical
specialties differ in their rates of ARCP problems, and effects are re-
moved in a multilevel multinomial model before effects are estimated
for each medical school (see Table 4 in reference Smith D.: ARCP out-
comes by medical school. London: General Medical Council, unpub-
lished). Results are expressed as the log (odds) for a poor outcome.

new schools not yet having produced any graduatedMedical school histories
or indeed admitted any studentsand the number of A problem with research on medical schools is that med-
predictors is inevitably larger than that. The issue isical schools evolve and mutate. Descriptions of different
discussed in detail in thé'Method” section, but care UK medical schools show relative stability until about
has to be taken because of multiple comparisons, with2000, when for most databases there are 19 medical
a Bonferroni correction being overly conservative. schools (Aberdeen, Birmingham, Bristol, Cambridge, Car-
Our analysis will firstly describe the correlations be- diff, Dundee, Edinburgh, Glasgow, Leeds, Leicester, Liver-
tween the various measuresand then address three pool, Manchester, Newcastle, Nottingham, Oxford,
key questions: (1) the differences between PBL andueeris, Sheffield and Southampton). The various
non-PBL schools (which we have also assessed in thkondon schools underwent successive mergers in the
ATOMS study in relation to the details of teaching 1980s and 1990s, but were then grouped by the GMC
[22])), (2) the extent to which teaching influences car- under a single awarding body, the University of London.
eer choice and (3) the causal relations across meaA group of six “new’ medical schools was formed in the
sures at the ten different levels briefly in part 2000s (Brighton and Sussex (2002), Norwich (2000), Hull
described earlier. York (2003), Keele (2003) and Peninsula (208@y)which
Warwick was a 4-year graduate-entry school oAlythe
five London medical schools (Barts, Imperial, Kisg
Method St.Georgés and UCL) only became distinguishable within
Names of medical schools the GMC's List of Registered Medical Practitioners
Any overall analysis of medical school differences re{LRMP), as with many other databases, from about 2008
quires medical schools to be identifiable, as otherwisgmperial), 2010 (Kings and UCL), 2014 (Barts) and 2016
identifying relationships between measures is not pos-(St. Georgs). Peninsula medical school began to split into
sible. Medical schools though, for whatever reasons, ar@xeter and Plymouth from 2013, but for most purposes
often reluctant for schools to be named in such analyseshere can be treated as one medical school, with averages
This means that while clear differences between schoolsised for the few recent datasets referring to them separ-
can be found 8, 21], further research is impossible. Re- ately. By 2016, there are therefore 18 of the 19 older med-
cently, however, concerns about school differences irical schools (excluding London), plus five new ones, and
postgraduate performance have led the GMC itself tofive London schools, making 28 schools, with Exeter and
publish a range of outcome data for named medical Plymouth treated as one. In terms of data records, there
schools B3], arguing that its statutory duty of regulation are 29 schools, London being included both as a single en-
requires schools to be named. Possibilities for researchity for data up to about 2000, and for data after about that
into medical school differences have therefore expandeds the five separate entities which emerged out of the Uni-
greatly. versity of London. Values for the University of London for
Research papers often use inconsistent names for
medical schools. Here, in line with théAToMS study A further complication is that for a number of years some schools
[22], we have used names based on those used by th&varded degrees in partnership with other medical schools, such as
UK Medical Schools Council (MSC)54]. More details Keele with Manchester. , _ _
. . From 2000 to 2007, Leicester was named Leicester-Warwick Medical
of all schools along with full names can be found in the

) ] School and statistics will include Warwick graduates. Warwick and
World Directory of Medical Schools $5]. Leicester became separate schools again in 2008.
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more recent measures are estimated as the average ®issing values
values from the current five London schools. Missing pre- Data were missing for various reasons: some medical
2000 values for current London schools are imputed (seeschools only coming into existence relatively recently,
below). Likewise, values for Peninsula Medical School arsome not existing when historical measures were being
taken as the average of Exeter and Plymouth when thoseollected and some medical schools not responding to
values are available. Data for Durham (founded in 200Irequests for data in previous studie®Z, 23]. A particu-
but merged with Newcastle by 2017) are included, whenlar issue is with data based otUniversity of Londor,
available, with that of Newcastle. It should also be notedwhich exist in earlier datasets whereas later datasets have
that the LRMP includes a very small number of graduatesthe five separate London medical schools. We have
from overseas campuses for schools such as St Gésrgaherefore used imputation to replace the missing vari-
and Newcastle. ables, in order to keepN as high as possible, and to
Our analysis of teaching considered only schools with 5-make statistical analysis more practical.
year courses “6tandard entry medicing UCAS A100 A constraint on imputation is that the number of cases
codes or equivalent)q6], and therefore, schools which are (medical schools;n =29) is less than the number of
entirely graduate entry only, such as Warwick and Swan-measuresrf =50), making conventional multiple imput-
sea, were excluded. Graduates, in the sense of mature emtion difficult. Missing values were therefore imputed via
trants, can enter either standard entry courses or graduatea single hotdeck imputation §9] based on thek nearest
courses, but where schools offer several types of courseeighbours functionkNN() in R. KNN()was chosen for
entrants to graduate courses are usually only a minority ofimputation as from a range of methods it produced the
entrants, although they do show some systematic differclosest match between correlation matrices based on the
ences §7]. For most datasets, it is rare to find separate in-raw and the complete data generated by imputation, and
formation for 5-year and graduate entry or other courses,it results in a completed matrix that is positive semi-
most analyses not differentiating graduates by courseslefinite despite there being more measures than cases.
(and indeed the LRMP only records the Primary Medical
Qualification, and not the type of course). Our analysis isCorrection for multiple testing
therefore restricted to a comparison of medical schools,An N of 29 schools, as in the present study, means there
primarily because of a lack of adequate data on coursess relatively little power for detecting a correlation, and
but we acknowledge that the ideal unit of analysis wouldfor a two-tailed test with alpha=0.05 antll =29, a cor-

be courses within medical schools. relation of 0.37, which accounts for about 13% of vari-
ance, is required for an 80% power (beta=0.80) for a
Problem-based learning schools significant result. A single test is not, however, being

An important distinction is between schools that are or are carried out, as in contrast to the smallish number of
not regarded as broadly problem-based learning (PBL)medical schools, there are in principle very many mea-
There is no hard classificatim and for convenience, we use sures that could be collected from each school. That was
the classification provided onhe British Medical Association clear in the AToMS paper R2], where in terms of teach-
(BMA) website which describes eleven UK schools as PBL oing hours alone there are dozens of measures, and in
CBL (case-based learning), i.e. Barts, Cardiff, Exetegddition, there are many other statistics available, as for
Glasgow, Hull York, Keele, Liverpool, Manchester, Norwich,instance on the GMG website, which has data on
Plymouth and Sheffield35], and in addition, we include St examination performance on individual postgraduate ex-
Georgeés which describes itself on its website as using PBLaminations, broken down by medical school. In terms of
For the ten schools included in th&ToMS study, there were a frequentist approach to statistics, some form of correc-
clear differences between PBL and non-PBL courses ition is therefore needed to take type | errors into

teaching methods and contengp). account.
A conventional Bonferroni correction is probably
The level of analysis overly conservative, and therefore, we have used a

It must be emphasised here, and throughout this study, thatTukey-adjusted significance level. The standard Bonfer-
all measures are aggregates at the level of medical schoaleni correction uses an alpha value of 0.08/ where N
and are not based on raw data at the student/doctor leveljs the number of tests carried out, which makes sense in
and that must be remembered when interpreting our results. situations such as in genome-wide association studies
where for most associations the null hypothesis is highly
Statistical analysis likely a priori. However, the Bonferroni correction is
Basic statistics are calculated usinBM SPSSv24, and probably overly conservative for social science research
more complex statistical calculations are carried outwhere zero correlations are not a reasonable prior ex-
within R3.4.2 B8]. pectation, statistical tests are not independent and not
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all hypotheses are of primary interest. Tukey (reportedwith the Zellner g-prior set at a conventional level of 1
by Mantel [60]) suggested that a better correction uses a(the unit information prior, UIP). bms()requires at least
denominator of V(N), so that the critical significance four predictors, and for the few cases with three or fewer
level is 0.05/(N) [60], an approach similar to that de- predictors, thebayesglrf) function in the arm package
rived using a Bayesian approact6l]. Rosenthal and in R was used. The criterion for inclusion was that the
Rubin [62] suggested that correlations of greater interestevidence for the alternative hypothesis was at timeder-
should be grouped together and use a less stringent criate or stronglevel (i.e. Bayes factors (BF) ofB) and
terion, and Mantel pB0] also suggested a similar ap- 10+) [67, 68]. Likewise, evidence for the null hypothesis
proach, tests which aréprimary to the purposes of the was considerednoderatefor a BF between 0.1 and 0.333
investigatiori having one significance level and other, (1/10 and 1/3) andstrongfor a BF less than 0.1. As the
secondary, tests requiring a more stringent level of sig-number of predictors approaches the number of cases,
nificance. An additional issue for the current data is that then multicollinearity and variance inflation make it dif-
although there are 50 measures, there are only 29 caseBcult to assess Bayes factors. We therefore used a com-
so that the 50 x 50 correlation matrix is necessarily sin-promise approach whereby for any particular dependent
gular, with only 29 positive eigenvalues, making the ef-variable firstly the eight causally closest predictors were
fective number of measures 29, and hence, theentered into thebms()model; the top five were retained,
appropriate denominator for a conventional Bonferroni the eight next most significant predictors included, and
correction would be 29 x 28/2 =406 (rather than 50 x again the top five retained, the process continuing until
49/2 =1225). The denominator for the Tukey correction all predictors had been tested. The method has the ad-
would then beV(406), so that a criticap value would be vantage of reducing problems due to multicollinearity
0.05K/(406) =0.0025. More focussed analyses will iden-and prioritising causally closer predictors in the first in-
tify primary and secondary tests as suggested by Mantektance, although more distant predictors can override

and are described separately in thResult$ section. better prediction if the data support that. It was decided
in advance that more than five meaningful direct predic-
Reliability of measures tors for a measure was unlikely, particularly given the

Differences between medical schools are different fromsample size, and that was supported in practice.
differences between individuals, and it is possible in

principle for differences between individuals to be highly b, availability

reliable, while differences in mean scores between medpat4 for the 50 summary measures for the 29 medical
ical schools show little or no reliability, and vice-versa. gchools are provided as Supplementary FeRawAn-

Between-school reliabilities can be estimated directly fordlmputedData.xst which contains both the raw data
many but not all of our measures. Reliabilities of medical ;4 the data with imputed values for missing data.

school differences are shown in Table and are calcu-

lated using Cronbacls alpha across multiple occasions .

of measurement. Lack of reliability attenuates correla-Ethical permission

tions, so that if two measures have alpha reliabilities of NOne of the data collected as part of the present study
say, 0.8 and 0.9, then the maximum possible empiricaanOIVeS personal data at the individual Ieve!. .Data' col-
correlation between them is/(0.8 x 0.9) = 0.85. When, as 'ected as part of theAToMS study were administrative
in one case here, a measure has a reliability of 0.47, thef{at@ derived from medical school timetables, and other

attenuation makes it particularly difficult to find a sig- dat@ are aggregated by medical school in other publica-
nificant relationship to other measures. tions and databases. Ethical permission was not there-

fore required.

Path modelling

Assessment of causality used path modelling which is &Results

subset of Structural Equation Modelling (SEM)68], The raw data

which is formally related closely to Bayesian causal netFifty measures were available for 29 institutions, with
work analyses4, 65]. When all variables are measured, 161/1450 (11.1%) missing data points, in most cases for
rather than latent, path modelling can be carried out structural reasons, institutions being too new and mea-
using a series of nested, ordered, regression models, fobures not being available or because medical schools
lowing the approach of Kennyd6]. Regression analyses were not included in surveys. Descriptive statistics are
were mostly carried out using Bayesian Model Aver-shown in Fig.1, along with the abbreviated names given
aging, based on the approach of RafteBa], which con- in Table 1 which will be used for describing measures,
siders the # possible regression models and combineswith occasional exceptions for clarity, particularly on the
them. We used theomg) function in the R bmspackage, first usage.
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The reliability of medical school differences did correlate with F1_Satish (r = 0.502,p = 0.006) but
Alpha reliabilities could be calculated for 32 of the 50 not with F1_Workload or F1_Supehy although it
measures and are shown in Table The median reliabil- should be remembered that all four measures were
ity was 0.835 (mean=0.824 SD =0.123; range =0.47 tassessed at the same time and there might be halo ef-
0.99), and all but four measures had reliabilities over 0.7fects. Differences in self-reported preparedness dot
The lowest reliability of 0.47 is forTrainee_Psycthe therefore relate to any of the outcome measures used
proportion of trainees entering psychiatry (and four of here, although preparedness is reported as higher in
the six pairs of between-year correlations were close tadoctors from smaller medical schools and school

zero). using less traditional teaching. The causal inter-
relations between the various measures will be con-
Correlations between the measures sidered below.

For all analyses, the imputed data matrix was used,
for which a correlogram is shown in Fig2. Of the Problem-based learning schools
1225 correlations, 395 (32.2%) reached a simple<  Figure1l shows a comparison of mean scores of PBL and
0.05 criterion, and 201 (16.4%) reached the Tukeyson-PBL schools, as well as basic descriptive statistics
adjusted criterion of 0.0025, making clear that therefor all schools in the study. Raw significance levels with
are many relationships between the measures whichp <0.05 are shown, but a Tukey-corrected level is 0.05/
require exploration and explanation. As a contrast, asqrt (48)=0.0072. Altogether, 15/49 (30.6%) differences
dataset of comparable size but filled with random are significant withp <0.05, and 5 differences (10.2%)
numbers, whose correlogram is shown in Supplemen-reach the Tukey-corrected level. PBL schools hdnigher
tary File 1 Fig. S1, had just 55 correlations significant historical rates of producing GPsHist_GP), teach more
at the 0.05 level (4.5%) and only two correlationsgeneral practice Teach_GF, have higher F1 prepared-
(0.16%) reached the Tukeydpusted criterion. The ness F1 _Preparednels produce more trainee GPs
correlogram and equivalent descriptive statistics for(Trainee_GR, have higher rates of ARCP problems for
the raw, non-imputed, data are available in Supple-non-exam reasons ARCP_NonExam and have lower
mentary Filel Fig. S2. entry grades EntryGrade$, less traditional teaching
Although there is much of interest in the entire set (Teach_Factorl_TrajJ less teaching of surgery
of correlations in Fig.1, and will be considered in de- (Teach_Surgely less examination time Exam_Timg,
tail below, firstly, we will consider the three specific lower UKFPO Educational Performance Measure
questions that the MedDifs study set out to answer (UKFPO_EPM and Situational Judgement Test
on preparedness, PBL and specialty choices, afteqfUKFPO_SJY scores, lower pass rates in postgraduate
which the general question of making causal sense oexams overall GMC_PGexamps and lower average
the entire set of data and mapping them will be marks in MRCGP AKT (MRCGP_AKT and CSA

considered. (MRCGP_CSA exams and in MRCP (UK) Part 1
(MRCP_Pt). It is clear therefore that PBL schools do
Preparedness differ from non-PBL schools in a range of ways. The

The GMC has emphasised the importance of newcausal inter-relationshipsetween these measures will
doctors being prepared for the Foundation be considered below.

programme, the first 2 years, F1 and F2, of practice

after graduation. It is therefore important to assess The relationship between specialty teaching and specialty

the extent to which preparedness relates to otheroutcomes

measures. Correlates of F1_Preparedness were Is it the case that a curriculum steeped in the teaching
assessed by considering the 30 measures categorisefl say, mental health or general practice produces more
as institutional history; curreular influences; selection; psychiatrists or GPs in the future16]? We chose six
teaching, learning and assessnt; student satisfaction specialties of interest, looking at historical production of
(NSS); and foundation (UKFPO) in Tabld. Using a specialists, undergraduate teaching, application or entry
Tukey criterion of 0.05/sqrt (30)=0.0091F1_Prepared- to specialty training, and specialty exam performance
ness correlated with lower Entrants_N (r =-0.531, (see Tablel for details). In Fig.3, these measures are ex-
p = 0.003) andTeaching_Factorl_Trad.e. less traditional tracted from Fig.2 and, to improve visibility, are reorga-
teaching;r =-0.523,p = 0.0036). In terms of outcomes, nised by specialty, the specialties being indicated by blue
F1_Preparednegfid not correlate with any of the 15 out- lines. Overall, there are 276 correlations between the 24
come measures categorised in Taldlas specialty training measures. Only the within-specialty correlations are of
choice, postgraduate exams and fithess to practise, using i@al interest, of which there are 38, but 14 are relation-
Tukey criterion of 0.05/sqrt (15) =.013F1_Preparedness ships between examinations within specialties, which are
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Non-PBL schools (n=18)

Mean Median SD n
Hist_SchSize 144.4 138.5 33.8 14
Hist_Female 50.86 50.55 4.45 14
Hist_GP ----
Hist_Psyc 4.082 3.976 0.744
Hist_Anaes 5.576 5.645 0.937 14
Hist_OG 1.250 1.176 0.400 14
Hist_IntMed 13.86 1259 3.92 14
Hist_Surgery 6.479 5950 1.717 14
Post2000 0.056 0.000 0.236 18
REF 0.251 -0.075 1.108 17
Spend_Student 5.701 5.165 2.223 18
Student_Staff 7.793 7.475 2.047 18
Entrants_N 266.8 259.0 77.6 18
Entrants_Female 54.87 55.10 5.59
EntryGrades ----
Entrants_NonHome 9.186 7.675 3.469 18

Teaching_Factorl_Trad ----

Teaching_Factor2_Struc -0.108 -0.106 0.959 16

Teach_GP (280,58 [279.91(100.66 16|

Teach_Psyc 190.6 185.3 80.3 16
Teach_Anaes 204.5 227.3 81.6 16
Teach_OG 220.3 198.5 84.7 16
Teach_IntMed 767.4 724.6 216.4 16
Teach_Surgery [456:3311 (421541 155/07| [16]
ExamTime [2191:76(2200100] 572101 [47)
SelfRegLearn 13.49 12.55 2.86 18
NSS_Satisfn  91.09 90.93 3.59 18
NSS_Feedback 52.28 52.09 12.97 18
ukrpo_epv (1401391 140411 N0i581 (18]
ukrpo_sT (13918911 1381741 077 (18]
F1_Preparedness ----
F1_Satisfn -0.272 -0.428 0.953 18
F1_Workload -0.208 -0.117 1.028 18
F1_Supervn 0.115 0.147 0.980 18
Trainee_GP [[27:817147:537 [13:691118|
Trainee_Psyc 2.697 2.558 0.716 18
TraineeApp_Surgery 10.472 9.950 2.091 18
TraineeApp_Anaes 12.40 11.97 256 18

GMC_PGexams (172841 1721551 162611 [18]
MRCGP_AKT [i8i74"
mReap_csA (11316201 113181 12221 [38]

FRCA_Ptl 2636 2.750 3.720 14
MRCOG_Pt1 -1.221 -1.150 2.637 14
MRCOG_Pt2 1.587 1.480 1.906 14

mrcp_pt1 (1237200 12350 Nai5 T (481
MRCP_Pt2 9.055 8.491 2.378 18
MRCP_PACES 1.711 1.686 0.830 18
GMC_Sanctions -0.194 -0.218 0.227 14

ARCP_NotExam [11-0.05 110,06 " [10.187] 18|

PBL schools (n=11)

Mean Maedian SD n
186.0 158.0 47.6 5
52.38 53.50 2.78

4.260 4.639 0.880

5.407 5.267 0.571 5
1.173 1.132 0.382 5
11.47 11.06 1.54 5
6.140 6.000 0.472 5
0.364 0.000 0.505 11
-0.388 -0.437 0.681 11
4.909 4.670 1.565 11
8.766 8.800 1.338 11
243.6 237.0 77.8 11
55.33 55.00 4.91

7.824 7.280 1.990 11
0.186 0.325 1.037 10
157.5 171.4 67.0 10
200.6 179.5 79.9 10
177.6 165.3 46.4 10
596.3 665.3 280.9 10
14.04 14.00 256 11
88.13 89.50 535 11
52.89 56.73 10.33 11
0.372 0.180 0.869 11
0.282 0.609 0.962 11
-0.309 -0.558 0.886 11
2.802 2.600 0.790 11
8.926 8830 1.862 9
11.93 12.35 1.48 11

2.600 3.400 1.557 5
-2.980 -2.300 1.472 S5
0.106 0.320 1.178 5
005 001 106 8
7.995 8.148 0.882 8
1.475 1.351 0.569 7
-0.025 0.049  0.207
----

p(t-test)
0.126
0.396
0.032
0.700
0.644
0.713
0.074
0.512
0.080
0.070
0.272
0.134
0.444
0.819
0.006
0.191
<.001
0.479
0.027
0.270
0.904
0.110
0.120
0.036
0.038
0.599
0.125
0.889
0.010
0.010
0.046
0.075
0.208
0.243
0.017
0.721
0.067
0.536
0.001
0.001
0.010
0.977
0.091
0.067
0.015
0.111
0.430
0.167
0.005

All Schools (n=29)

Mean
155.3
51.26
35.98
4.129
5.532
1.230
13.24
6.389
0.172
0.000
5.400
8.162
258.0
55.04
511.9
8.669
0.020
-0.005
340.9
177.9
203.0
203.9
701.6
401.5
2029
13.70
89.96
52.51
40.16
39.66
68.68
-0.028
-0.022
-0.046
19.48
2.737
9.956
12.22
70.17
16.87
12.96
2.626
-1.684
1.197
1.870
8.729
1.645
-0.149
0.011

Median

146.0
51.80
38.32
3.981
5.582
1.132
12.15
6.000
0.000
-0.269
5.000
8.070
258.0
55.00
501.0
7.470
0.149
-0.004
316.8
184.3
221.5
186.1
724.6
403.0
1950
13.20
90.93
53.23
39.89
39.53
67.87
0.003
0.005
0.147
18.70
2.600
9.410
12.14
69.20
15.92
12.62
3.300
-1.700
0.970
0.444
8.292
1.551
-0.206
-0.007

SD
41.0
4.06
7.27

0.760
0.844
0.386
3.58
1.484
0.384
1.000
2.007
1.848
77.1
5.26
33.7
3.029
0.985
0.980
154.8
75.9
79.3
74.3
252.4
168.7

577
2.72
4.49
11.85
0.63
0.72
7.47

0.960
1.015
0.952
4.57
0.733
2.116
2.19
6.67
4.67
2.03
3.245
2.477
1.839
3.703
2.076
0.762
0.229
0.180

n
19
19
19
19
19
19
19
19
29
28
29
29
29
29
29
29
26
26
26
26
26
26
26
26
26
29
29
29
29
29
29
29
29
29
29
29
27
29
29
29
29
19
19
19
26
26
25
19
28

Fig. 1 Descriptive statistics for non-PBL schools, PBL schools and all schools (mean, median, SD and N) for the measures used in the analyses.
Means are compared using t tests, allowing for different variances, with significant values indicated in bold (p < 0.05). Significant differences are

also shown in colour, red indicating the group with the numerically higher score and green the lower scores. Note that higher scores do not

always mean better
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Imputed correlation matrix, N=29: ** Tukey-adjusted criterion P<0.0025; *P<0.05
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Fig. 2 Correlogram showing correlations of the 50 measures across the 29 medical schools. Positive correlations are shown in blue and negative
in red (see colour scale on the right-hand side), with the size of squares proportional to the absolute size of the correlation. Significance levels are
shown in two ways: two asterisks indicate correlations significant with a Tukey-adjusted correction, and one asterisk indicates correlations
significant with p < 0.05. For abbreviated variable names, see text. Measures are classified in an approximate causal order with clusters separated

expected to correlate highly, and therefore, the effectiveanaesthetics traineesT(aineeApp_Anaes(Fig. 4d; r =

number of tests is 3814=24, and so for within-

0.153,p =0.426), and surgery teaching ¢ach_Surgedy

specialty correlations, the Tukey-adjusted criterion isis unrelated to applications for surgery trainingT(ai-
0.05A(24)=0.010. For the remaining 238 between-neeApp_Surge)yFig.4f; r =0.357,p = 0.057). Although
specialty correlations, the Tukey-adjusted criterion is historical production of sgcialists shows no influences

0.05A/(238) = 0.0032.

within Psychiatry Hist_Psyy, O&G (Hist_OQ and Sur-

Hours of teaching have relatively few within- gery Hist_Surgery, neverthelessHist GP does relate
subject correlations in Fig.3. Hours of psychiatry to Trainee_ GR MRCP_AKT and MRCGP_CSA and
teaching Teach_Psy}cshows no relation to numbers historical production of physicians Hist_IntMed) also

of psychiatry traineesTrainee_Psyc(Fig. 4b; r = -0.069,
p =0.721), amount of anaesthetics teachinge@ach_
Anaeg is uncorrelated with

relates to performance at MRCP (UK)MRCP_Pt1
MRCP_Pt2and MRCP_PACES Cross-specialty corre-

of lations are also apparent in Fi@, particularly between
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the different examinations, schools performing better atto Trainee_GRMRCGP_AKT MRCGP_CSAand GMC_
MRCGP also performing better at FRCAFRCA_Pt), PGexamsNo prior variable on its own reduced to zero
MRCOG (MRCOG_Ptl and MRCOG_Pt2, and the the partial correlation of Trainee_GPwith exam per-
three parts of MRCP (UK). Historical production rates formance. Howeverr, was effectively zero when both
of specialties tend to inter-correlateist_Surgerycor-  Hist GP and Teach_Factorl_Tradwere taken into ac-
relating with Hist_IntMed, but both correlating nega- count (Trainee_GP with MRCGP AKT 1, =-0.145,
tively with Hist_ GP.  Schools producing more p = 0.470, 25 df; with MRCGP_CSA r, =-0.036,
psychiatrists Hist_Psy}¥ also produce more special- p = 0.858, 25 df; and wittGMC_PGexams g = - 0.242,
ists in O&G (Hist_OG). Scattergrams for all of the p=0.224, 25 df}
relationships in Fig.2 are available in Supplementary Schools producing more GP trainees perform less well
Files3, 4, 5, 6, 7, 8 and Supplementary Filé®. in postgraduate exams in general, as well as MRCGP in
An exception is the clear link between higheéFeach_ particular. Such schools tend to have less traditional
GP and higher proportion of doctors becoming GP teaching (which predicts poorer exam performance and
trainees {rainee_GPR (Fig. 4a; r =0.621,p =0.0003). more GP trainees) and historically have produced more
However, interpreting that correlation is complicated by GPs (which also predicts poorer exam performance and
higher Teach_GPcorrelating with doctors performing more GP trainees). As a result, schools producing more
lesswell at MRCGP_AKTand MRCGP_CSA(Fig. 4c, e; GP trainees perform less well in examinations, with the
r =-0.546,p =0.0022 andr =-0.541,p =0.0024), a association driven by a history of producing GPs and

seemingly paradoxical result. having less traditional teaching, there being no direct
link between producing more GP trainees and overall
Exploring the paradoxical association of greater poorer exam performance.

production of GP trainees, Trainee_GP, with poorer
performance at MRCGP exams (MRCGP_AKT, MRCGP_CSA) Analysing the broad causal picture of medical school
A surprising, robust and seemingly paradoxical find- differences
ing is that schools producingmore GP trainees have The final, more general, question for thiledDifs study
poorer performance at MRCGP exams (and at post-concerned how teaching and other medical school mea-
graduate exams in general). The correlations ofsures are related to a wide range of variables, both those
Trainee_GP with MRCGP performance are strongly that are likely to be causally prior and causally posterior.
negative IRCGP_AKT r =-0.642,p =0.00017,n =  To keep things relatively simple, we omitted most of the
29; MRCGP_CSATr =-0.520,p = 0.0038,n =29), measures related to the medical specialties, and which
and there is also a strong negative relationship withare shown in Fig2, but because of the particular interest
overall postgraduate performance GMC_PGexams in General Practice, we retainedist_GP, Teach_GPand
r =-0.681,p = 0.000047,n =29). Trainee_GPR and we also retainedlsMC_PGexamsthe
A correlation between two variablesh and B, rag, can  single overall GMC measure of postgraduate examin-
be spurious if bothA and B are influenced by a third ation performance. There were therefore 29 measures in
factor C. If C does explain the associationsg, then the this analysis, which are shown in Tablg in bold. The
partial correlation of A and B, taking C into account, correlogram for the 29 measures is shown in Supple-
rp =Tagjc, should be zero, ancC is the explanation of mentary Filel Fig. S3.
the correlation ofA and B. Causality is difficult to assess directh69], but there
Partial correlations were therefore explored taking into are certain necessary constraints, which can be used to
account a range of measures thought to be causally prioiput measures into a causal ordering, with temporal or-
dering being important, along with any apparent absurd-
3Traditional teachingTeach_Factorl_Trads negatively correlated ity of reversing causality. As an example, were historical
with being a PBL schooRBL_Schopland being post 200(P0st2000) - otput of doctors in a specialty to have a causal influ-
and partial correlations takin@BL_Schoadnd Post2000as well as . . .
Hist_GR into account also gave non-significant partial correlations ence on, say, current student satisfaction, it would make
(MRCGP_AKT = -.141,p = .492, 24 dfMRCGP_CSAr, = -0.116,  little sense to say that increased current student satisfac-
p = 0.574, 24 dfGMC_PGexamsyr= - 0.234,p = 0.250, 24 df). tion is causally responsible for the historical output of
Hist_GPcorrelates with less good performance in postgraduate examsqgetors in a specialty, perhaps years before the students

(MRCGP_AKT r=-0.761,p = 0.000002MRCGP_CSA F - 0.666, . . .
p = 0.00008GMC_PGexams # - 0.731p = 0.000007n = 29), and arrived, making the converse the only plausible causal

Teach_Factorl_Tradorrelates with better performance in exams link (although of course both measures may be causally
(MRCGP_AKT 1= 0.664,p = 0.000085MRCGP_CSA ¥ 0.562, related to some third, unmeasured, variable). Supple-
P = 0.0015GMC_PGexams # 0.684,p = 0.000043n = 29in al mentary File 1 has a more detailed discussion of the

cases). Multiple regression showed tléist_GPand Teach_Factorl_- . . .

Trad were independent predictors dfrainee_ GPMRCGP_AKT logic for the ordering. The various measures were

MRCGP_CS/And GMC_PGexams broadly divided into ten broad groups (see Tablg, and
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Fig. 3 Correlogram of the 24 measures associated with particular specialties across the 29 medical schools. Correlations are the same as in Fig. 1,
but re-ordered so that the different specialties can be seen more clearly. Specialties are separated by the horizontal and vertical blue lines, with
examination and non-examination measures separated by solid green lines. Two asterisks indicate within- and between-specialty correlations that
meet the appropriate Tukey-adjusted p value; one asterisk indicates correlations that meet a conventional 0.05 correlation without correction

the 29 measures for the present analysis were additionwere included if the posterior inclusion probability
ally ordered within the groups, somewhat more arbitrar- reached levels defined6ff] as moderate (i.e. the Bayes

ily, in terms of plausible causal orderings. factor was at least 3 [posterior odds=3:1, posterior
probability for a non-zero path coefficient=75%]) or
Path modelling strong(Bayes factor =10, posterior odds = 10:1, posterior

A path model was used to assess the relationships beinclusion probability = 91%). Strong paths in Fi§. are
tween the 29 measures, the final model including onlyshown by very thick lines for BF > 100, thick lines for
those paths for which sufficient evidence was presentBF >30 and medium lines for BF > 10, with thin lines for
(see Fig.5). The 29 measures were analysed using anoderate paths with BF >3, positive and negative path
series of successive, causally ordered, regression equesefficients being shown by black and red lines respect-
tions (see the"Method” section for more details). Paths ively. Of 400 paths that were evaluated using thens()
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Fig. 4 Teaching measures in relation to outcome measures. Regression lines in dark blue are for all points, pale blue for all points excluding
imputed values and green for all points excluding Oxbridge (blue circles). Yellow boxes around points indicate PBL schools. See text

for discussion
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function in R, there was at least moderate evidence for ato inculcate in“life-long learners [72], and may also re-
non-zero association in 34 (9.0%) cases, and at leaslect the personality measure of‘conscientiousness
strong evidence in 21 (5.3%) cases. In addition, theravhich meta-analyses repeatedly show is related to
was at least moderate evidence for thull hypothesis university-level attainment 73].
being true in 105 (26.3%) of paths (i.e. BF<1/3), al- The historical size of a medical schooH{st_Siz¢ re-
though no paths reached the strong level for the null hy- lates toGMC_PGexamsbut the effect is negative, larger
pothesis (i.e. BF <1/10). For the few cases with feweschools performing less well at postgraduate assess-
than four predictors, paths were evaluated using thements, the effect being moderate. The explanation for
bayesglm(function in R, with a conventional 0.05 criter- that is unclear, but it cannot be due to any of the other
ion, and only a single path was included in the model onmeasures already in Fig or those effects would have
that basis. Figures therefore contains 35 causal paths. mediated the effect of historical size.
Scattergrams for all combinations of the measures are The last remaining direct effeciNSS_Feedbacks par-
available in Supplementary File3, 4, 5, 6, 7, 8 and 9, ticularly interesting and shows a strong negative effect
Supplementary File3 containing an index of the scatter- (shown in red) onGMC_PGexamsNSS_Feedbadis it-
grams, and Supplementary Files 5, 6, 7, 8 and 9 con-  self related to overall satisfaction on the National Stu-
taining the 1225 individual graphs. dent Survey KNSS_Satis), which is related to the
The relations shown in Fig5 are generally plausible number of entrants Entrants_N, and which in turn is
and coherent, and an overall description of them can berelated to Post2000 Care has to be taken in interpreting
found in Supplementary Filel, and some are also con- chained effects such as these, effects in series being
sidered in the“Discussiori section. The path model of multiplicative, two negatives making a positive in the
Fig. 5 can be simplified if specific measures are of par-path algebra. As a result, the chain frofntrants_N to
ticular interest. As an example, Fi@. considers the vari- NSS_Satia to NSS-Feedbacto GMC_PGexamss posi-
ous, complicated influences on postgraduate exantive (negativex positive x negative= positivg, schools
performance (and further examples are provided in Sup-with larger numbers of entrants performing better at
plementary Filel Figures S4 to S10). Strong or moderate postgraduate examinations. Similarlfpost2000schools
paths are shown in these diagrams if they directly enterdo less well at postgraduate exams as the path has three
or leave the measure of interest, and indirect paths to ornegatives and one positive and hence is negatineg@a-
from the measure of interest remain if they are strongtive x negativex positive x negative= negativg. NSS-

(but not moderate), other paths being removed. Feedbackalso has two other direct effects upon it, a
positive effect from PBL_Schooland a negative effect
Performance on postgraduate examinations from the historical proportion of femalesHist_Femalg.

GMC_PGexamsn Fig. 6 is emphasised by a bright green The three direct effects upoMNSS-Feedbac#re in paral-
box, and it can be seen that there are four direct causalel and hence additive (although signs can mean that
influences upon postgraduate examination performancethey cancel out by acting in different directions as with
from prior measures, but no influences on subsequentHist Femaleand PBL_Schogl
measures. The largest direct effect is frodKFPO_SJT
which in turn is directly affected strongly byEntry- Exploring NSS-Feedback scores
Grades a pattern that elsewhere we have called tteza- The finding that schools with higher NSS-Feedback
demic backbon& [70]. Entry grades are of particular scores havdess googostgraduate exam results is per-
interest, and Fig.7 shows scattergrams for the relation- haps surprising and unexpected and merits further ex-
ship of EntryGradesto GMC_PGexamsas well as to ploration. Figure 8 shows scattergrams for the
GMC sanctions for fitness to practise issueGMC_  relationships betweenNSS_Satis, NSS_Feedbackand
Sanctiony and ARCP problems not due to exam failure GMC_PGexamsThere is a strong overall correlation in
(ARCP_NonExary the latter two being discussed in Fig. 8a of NSS_Satia and NSS_Feedbaclof 0.762
Supplementary Filel. Entry grades therefore are predic- (p < 0.001) showing that they share much but not all
tors of exam performance, but also of being sanctionedtheir variance (blue line). Although overaltMC_PGex-
by the GMC and having ARCP problems, all of which ams shows no correlation withNSS_Satia (r = 0.108,
are key outcome measures for medicine. p = 0.578, blue line, Figdb) or NSS_Feedbadk = - 0.049,
Self-regulated learningSelfRegLeadn which is an in- p = 0.803, blue line, Figc), the scattergrams, particularly
teresting although little studied measure7]], has a of GMC_PGexamswith NSS_Feedbaglstrongly suggest
strong direct effect on GMC_PGexams more self- that Oxford and Cambridge, in blue, are outliers, each
regulated learning relating to better postgraduate examhaving very high ratings both foGMC_PGexamsand for
performance. Self-regulated learning may be an indicatoNSS_Satia. Excluding the two Oxbridge schools, there is
of the independent learning which medical schools wisha significant correlation ofNSS_Feedbackvith GMC_
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