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OBJECTIVES Remediation is usually offered to
medical students and doctors in training who un-
derperform on written or clinical examinations.
However, there is uncertainty and conflicting evi-
dence about the effectiveness of remediation. The
aim of this systematic review was to synthesise the
available evidence to clarify how and why remedia-
tion interventions may have worked in order to
progress knowledge on this topic.

METHODS The MEDLINE, EMBASE, CINAHL
(Cumulative Index to Nursing and Allied Health
Literature), ERIC (Educational Resources Informa-
tion Centre), Web of Science and Scopus databases
were searched for papers published from 1984 to
April 2012, using the search terms ‘remedial teach-
ing’, ‘education’, ‘medical’, ‘undergraduate’ ⁄ or
‘clinical clerkship’ ⁄ or ‘internship and residency’, ‘at
risk’ and ‘struggling’. Only studies that included an
intervention, then provided retest data, and re-
ported at least one outcome measure of satisfaction,
knowledge, skills or effects on patients were eligible
for inclusion. Studies of practising doctors were ex-
cluded. Data were abstracted independently in
duplicate for all items. Coding differences were re-
solved through discussion.

RESULTS Thirty-one of 2113 studies met the
review criteria. Most studies were published after
2000 (n = 24, of which 12 were published from 2009
onwards), targeted medical students (n = 22) and
were designed to improve performance on an
immediately subsequent examination (n = 22).
Control or comparison groups, conceptual frame-
works, adequate sample sizes and long-term follow-
up measures were rare. In studies that included
long-term follow-up, improvements were not sus-
tained. Intervention designs tended to be highly
complex, but their design or reporting did not en-
able the identification of the active components of
the remedial process.

CONCLUSIONS Most remediation interventions
in medical education focus on improving perfor-
mance to pass a re-sit of an examination or assess-
ment and provide no insight into what types of extra
support work, or how much extra teaching is critical,
in terms of developing learning. More recent studies
are generally of better quality. Rigorous approaches
to developing and evaluating remediation interven-
tions are required.
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INTRODUCTION

Determining fitness for practice in medicine and the
health care professions requires students to fulfil
predetermined criteria laid down by the relevant
professional body and interpreted by each individual
educational institution providing pre-registration
education. The objective of these criteria is to ensure
safe practice. However, a small proportion of medical
and health care students perform poorly on clinical
or academic examinations. This is of concern to all
medical educators. Research has identified that
measures of attainment in medical degree examina-
tions can predict subsequent performance on licens-
ing examinations and clinical competence after
medical school.1,2 In addition, weak medical students
go on to become weak doctors,3,4 further highlight-
ing the importance of early identification of under-
performance. These issues are not unique to the
USA. Our own studies show that UK medical students
on an undergraduate course who failed clinical or
written examinations in the early years continued to
perform poorly until and in their final examina-
tions.5,6

However, the complex patterns of assessment in
medicine mean that struggling students may con-
tinue with little guidance or support7 and supervising
clinicians are often reluctant to fail underperfor-
mance.8–10 Thus, students’ learning problems remain
unaddressed, leading to repeated failure and under-
performance.5,6,11 Timely intervention for poor per-
formance has the potential to enable the individual
to deal with adverse learning and behaviour patterns
promptly before these cause problems in clinical
practice.

Most medical schools have remediation processes,
developed usually on the basis of, for example, staff
availability and interest, and the nature of students’
difficulties, and flexible enough to be tailored to
student needs. Most remediation processes consist of
three steps: identification or diagnosis; a remediation
intervention, and retesting.12–14 However, these
remediation processes place substantial time de-
mands on faculty staff.7,13 Furthermore, faculty
members report uncertainty about the efficacy of
remediation interventions.13 That this uncertainty is
well founded is supported by recent evidence. Pell
et al.15 carried out a retrospective analysis of the
longitudinal attainment of 125 students who under-
performed in objective structured clinical examina-
tions (OSCEs). They found that a remediation
intervention (assessment-focused revision followed by

re-assessment) was not effective in terms of subse-
quent examination performance: in fact, the relative
performance of the student group under study
declined across serial OSCEs. Although these data
were derived from one medical school only, the
remediation intervention described is typical.12–14

These findings are at odds with those of a number of
studies that have evaluated performance on written
or clinical examinations before and after a specific
remediation intervention7,14–38 and concluded that
the intervention was effective. However, single studies
‘are limited in the generalisability of the knowledge
they produce about concepts, populations, settings
and times’ and ‘frequently illuminate only one part of
a larger explanatory puzzle’.39 In addition, they are
subject to limitations imposed by time-, sample- and
context-specificity, which can undermine their appli-
cability, relevance and usefulness in other contexts.40

Given the conflicting evidence, resource implications
and staff concerns that refer to remediation, it is
critical to carry out a research synthesis of the
literature on remediation interventions in medicine
in order to identify consistencies, variability and
generalisability across studies. The cumulative
knowledge to be gained by doing so is essential to
inform the quality (and hence effectiveness in terms
of the long-term gain of producing doctors who are
fit for practice) of remediation research and pro-
cesses.41

A thematic review of the remediation literature was
published in 2009.42 It focused on 13, mostly North
American (n = 11), studies of below-standard perfor-
mance of students, trainees or practising doctors.
This review was descriptive and study quality was
assessed solely in terms of Kirkpatrick’s hierarchy of
evaluation.43,44 By contrast, our aim was to clarify how
or why remediation interventions may have worked45

in order to progress knowledge on this topic, partic-
ularly given that much work in this area has been
published since Hauer et al. published their review.42

To achieve this, our specific research questions were:

• Can the various interconnecting parts of reme-
dial interventions for medical students and doc-
tors in training be delineated to identify precisely
what works and why?46

• What theoretical frameworks are used in studies
of remedial interventions for medical students
and doctors in training?

Only by addressing these questions can we build a
cumulative understanding of causal mechanisms,
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design more effective interventions and apply them
appropriately across different groups and settings.47

METHODS

Study eligibility and selection

The types of evidence to be included in the review
included reports (scientific articles, published let-
ters) assessing the effectiveness of a faculty-led
remediation intervention to address underperfor-
mance on clinical or written examinations in medical
students or trainee doctors. Only reports which
included an intervention and provided retest data for
the students or doctors to assess whether they had
achieved the required standard to enable progress,
and reported at least one qualitative or quantitative
outcome measure of satisfaction, knowledge, skills or
effects on patients were eligible for inclusion. Exclu-
sion criteria denied the inclusion of studies in
practising doctors.

We searched the MEDLINE, EMBASE, CINAHL
(Cumulative Index to Nursing and Allied Health
Literature), ERIC (Educational Resources Informa-
tion Centre), Web of Science and Scopus databases

for articles published from 1984 to September 2011,
using pre-specified search terms (Appendix S1). The
search was extended to April 2012 to identify any
articles published after the main search concluded.
To ensure comprehensiveness, we also hand-
searched the reference lists of the full-text articles
assessed for eligibility (Fig. 1) and used the PubMed
e-mail alert system to identify articles with ‘remedi-
ation’ in the title. We also corresponded personally
with researchers known to be active in this area of
research to identify unpublished work and work in
submission.

Data extraction

We used the TREND (transparent reporting of
evaluations with non-randomised designs) checklist48

to guide data extraction. This was selected as it
emphasises the reporting of theories used and
descriptions of intervention and comparison con-
ditions, and research design, in evaluation studies
that use non-randomised designs, and so was felt to
be appropriate for review given the nature of the
research studies on the topic. We also collected
data on reported process outcomes. Using these
parameters, we developed and refined a data

2113 records a er duplicates
removed

60 full-text ar cles
assessed for eligibility

2053 records excluded.2113 records screened

3199 records iden fied through
database searching

29 full-text ar cles
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Figure 1 Flow diagram of records identified, included and excluded, and reasons for exclusions, April 2012
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abstraction form through iterative pilot testing and
revision.

We abstracted data independently in duplicate for all
items (coded by HL and MM). Any discrepancies
were discussed and agreed upon. The information
was then entered into an Excel database.

Data synthesis and analysis

This was a two-stage review in which the making of a
descriptive map of the research was followed by a
narrative empirical synthesis. A qualitative synthesis
of the data was selected as this method was deemed
appropriate in the context of our research questions
(Evidence for Policy and Practice Information and
Co-ordinating Centre [EPPI-Centre; http://eppi.ioe.
ac.uk/cms]49).

Reviews are driven by the questions they seek to
answer and by reviewers who may interpret the
issues from different ideological and theoretical
perspectives. Those involved in the present review
are either medical educators with a recognised
interest in identifying and addressing the issue of
remediation (JC, JS, MJC, RP) or social scientists

working in the field of medical education (MM,
HL). We explicitly acknowledged our subjectivity
and used the principles of cooperative enquiry (i.e.
discussing findings, and critically reflecting and
expanding on them50) on an ongoing basis to
address this within the group. This was accom-
plished by maintaining an audit trail of the devel-
oping interpretation via face-to-face meetings, and
telephone and e-mail correspondence.

RESULTS

Of the 2113 studies found, we identified 31 studies
eligible for inclusion through duplicate review of
titles, abstracts and full texts, and personal commu-
nication with authors (Fig. 1).

Table 1 summarises information on location and
setting, target population, study design, number of
participants, focus of the intervention, as well as
theoretical framework, summary of the intervention
and outcome measures. (A full descriptive map of the
reviewed studies is available in Table S1 [online].
This includes an analysis of quality in terms of
whether or not the information provided about the

Table 1 Summary of findings across 31 studies of remediation interventions in medical education

Articles, n 31

Articles per

country, n (%)

USA (n = 20,

65%)

USA offshore

(n = 3, 10%)

UK (n = 5,

16%)

Canada

(n = 1, 3%)

New Zealand

(n = 1, 3%)

Netherlands

(n = 1, 3%)

Students per study Median: 23 (total

across all studies:

1614*)

Level of training* Junior medical

students

(n = 950)

Senior medical

students

(n = 368)

Mixed junior

and senior

students

(n = 165)

Residents

(n = 125)

Not noted

(n = 6)

Focus according

to need*

Knowledge

(n = 971)

Skills (n = 320) Knowledge and

skills (n = 258)

Knowledge,

skills and

attitudes

(n = 28)

Information

not provided

(n = 37)

Theoretical basis

of the remediation

intervention, studies, n

None stated

(n = 23)

Learner-centred

approaches

(n = 2)

Kolb cycle

(n = 1)

Multi-faceted

(n = 4)

None stated = 23 Self-regulatory (cognitive) theory = 4 Learner-centred approaches = 2 Kolb cycle = 1 Self-assessment = 1
* Based on 29 reports because two did not report participant numbers
Table S1 [online] shows full details of the studies reviewed
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intervention was sufficient to identify the critical
components.)

Remediation in medical education appears to be an
increasingly important area of research: the majority
(n = 23, 74%) of studies were published after
2000.7,14–17,19–22,24,27–31,33,34,37,38,51–54 and 11 of these
were published from 2009 onwards.14–16,20,29,31,34,38,52–54

We also identified one unpublished study conducted
since 2009.55

Most of the studies (n = 24, 77%) had been con-
ducted in North America or in offshore medical
schools.14,16–19,23–34,36–38,51–54 Five studies were from
the UK,7,15,20–22 one was from New Zealand34 and one
was from the Netherlands.55 Non-English language
studies were not excluded by the review criteria, but
none were identified.

The majority of studies targeted medical students
(n = 21, 68%).7,14,15,19–22,24–26,29,31–33,35,36,38,51–54 Of
these, a number targeted early years (Years 1 and 2)
students25,26,38,53,54 or included students from these
year groups.22,36 However, Year 4 students repre-
sented the year group most commonly targeted or
included in interventions.7,14,15,19–22,24,29,33,51 In the
UK study settings, Year 4 students have one further
year of study before pre-registration (i.e. the medical
school programmes in the studies reported are
5 years in length), whereas in the USA and Canada,
Year 4 is the final year of study before licensure.

The nine studies of doctors in training were from
North America.16–18,23,27,28,30,34,37 The most common
specialty under study was surgery.17,27,28,30,34

Studies tended to target knowledge (n = 16,
52%)16,17,21,23,26–28,30–32,35,37,38,53,54,55 or skills
(n = 10, 32%)14,15,18,19,22,24,33,34,51,52 deficits. Five
(16%) targeted both knowledge and skills defi-
cits7,20,21,23,36 and one study did not specify what was
specifically targeted in terms of knowledge, skills or
attitudes.25

Most studies included very small sample numbers,
ranging from six to 377, with a median of 23. Only
one study stated a sample size calculation.55

Most studies were either prospective before-and-after
studies (n = 18)7,14,17–19,22–24,26,29,30,32–34,37,38,51,52 or
retrospective before-and-after studies (n = 7).15,16,20,25,27,28,35

Other study designs used were retrospective case
series (n = 1),31 qualitative or survey methodology
(n = 3)21,53,54 and a parallel-group randomised con-
trolled trial (n = 1).55 It was unclear what design was

used in one study.36 Nine (29%) prospective before-
and-after studies looked at one cohort or year group
only.14,19,24,26,33,34,37,51,52 Seven studies (23%) in-
cluded a comparison group of students who had not
failed the index examination.15–17,20,26,37,38 One study
used a historical control group of students from
previous cohorts who had failed the index
examination and repeated the first semester with-
out receiving the remedial intervention.38 Two stud-
ies used a two-stage intervention in which all
underperforming students received one course,
but the ‘intervention’ group received more input
(e.g. a remediation programme with or without
faculty staff feedback14 and ‘standard academic sup-
port’ with or without a study skills programme.55 The
study55 randomly assigned students to the interven-
tion and control groups, whereas that by White
et al.14 assigned students to groups according to
their level of underperformance. One study used a
comparison group of students who had failed the
index examination but did not receive the
intervention.26

Most (n = 22, 71%) studies focused solely on
performance on a specific, subsequent
examination (e.g. resits, re-taking a standard
examination such as the US Medical Licensing
Examination, or the next standard examination in
a programme).14–22,24,26–30,32–35,37,51,52 Indeed, many
studies overtly focused on examination technique
and content boosting for a specific examination
(which the participants were required to re-sit or
re-take to progress their education or training). For
example, Aeder et al.16 stated that ‘the last
40 minutes of the class were devoted to going over
applicable questions published by the American
Academy of Paediatrics’ and Shokar37 stated that
‘examination techniques were taught to and prac-
tised by the group’. Statements of this nature were
identified in eight studies, all of which were carried
out in North America.16,17,26–28,30,32,37 Remediation
was noted to have no significant impact on
subsequent examination performance in one of
these studies.37

The remaining eight studies (26%) took a more
holistic perspective to remediation and either in-
cluded the provision of personal support or took a
broader approach to learning and teaching skills and
knowledge.7,23,25,31,36,38,53,54 Of these, seven reported
a long-term positive effect of the intervention in that
most of those who received remediation progressed
in their studies.23,25,31,36,38,53,54 By contrast, Pell
et al.15,55 reported no longer-term improvement fol-
lowing the intervention and indeed Pell et al.15 found
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that student performance deteriorated after passing
the target examination.

Only eight studies (26%) referred explicitly to edu-
cational theory14,18,19,30,38,53,54,55 but note that
three38,53,54 of these studies were linked. The theories
used included a learner-centred approach,18,19 self-
assessment in learning,14 cognition and metacogni-
tion38,53,54,55 and the Kolb learning cycle.30 Only
Winston et al.53 explicitly – and extensively – mapped
out the components of their intervention onto
learning theory (note that Stegers-Jager et al. [2012]
based their syllabus and materials on those of
Winston et al., 201053).

Studies were assessed for complexity.46 An interven-
tion was defined as complex if it utilised several
interacting components. Dimensions of complexity
can include, for example, the number of and inter-
actions between components, number and variability
of outcomes and the degree of flexibility or tailoring
of the intervention permitted. The majority of the
studies reviewed did not report in detail what they
did, why and for how long. Most interventions
reported a variety of activities (e.g. tutorials, directed
reading, skills practice, feedback, examination prac-
tice, case presentations), but few studies clearly
justified their approaches on the basis of appropriate
theory (with the notable exceptions of 14,18,19,30,53).
Many studies simply stated, for example, that the
programme elements included mentoring or tutorials
without describing the content or format of, or
rationale for, these tutorials or mentoring ses-
sions.17,34,35 It was rare for authors to even consider
the issue of complexity (but see 27,32,54). For example,
Winston et al.54 considered the role of the teacher in
the process of an intervention.

Where reported, intervention length varied widely
and included periods ranging from a single full
week,22 to over 4 weeks (three studies29,33,37),
5 weeks55, 6 weeks (three studies18,26,32) and 1 year
(five studies7,16,23,25,27). Intervention intensity was not
reported in terms of theoretical rationale: where any
rationale was provided, it was pragmatic.

The evaluation of process as well as outcome is
recommended in evaluating the effectiveness of
interventions in other areas.46 Twelve studies (39%)
collected data on the perceived usefulness of and
satisfaction with the remedial intervention from
recipients.7,18,19,21,23,25,27,33,36,51,53,54 Four of these
studies collected similar data from faculty
staff.7,21,23,54 Sanfey et al.34 and Winston et al.38 stated
that they believed that changing their remediation

from voluntary to mandatory may have motivated
residents to improve their practice.

DISCUSSION

This review established that the addressing of
underperformance in medical students or doctors in
training is an active area of primary research, but the
majority of studies identified would be classed as
being of low quality according to the criteria for
grading quality of evidence.39 The evidence comes
predominantly from uncontrolled before-and-after
studies with small samples and few process or long-
term outcome measures, which may not convincingly
distinguish intervention effectiveness from back-
ground effects or the Hawthorne effect.56,57 As a
consequence, we cannot delineate precisely what
works, and why, in remedial interventions for medical
students and doctors.

The issue of complexity is clear. The designs and
methods of the studies reviewed, and the lack of
detail reported on the precise nature of many of the
interventions, do not allow us to identify which
components of the process actually made a differ-
ence. We do not know, for example, if underper-
forming students do better on retesting purely
because their motivation is increased (fright at having
failed first time around may be a great motivator) and
if their improvement has absolutely nothing to do
with the remediation intervention.

Generally, interventions tended to represent ‘more of
the same’, such as additional or intensive knowledge
or skills teaching. If the original teaching did not
help students to learn appropriately, there seems
little reason to assume that ‘more of the same’ will do
so a second time around, even if this is delivered in
small groups by senior faculty staff. It may be that the
critical factor in (short-term) improved performance
is individual analysis of performance and feed-
back,58,59 which were inherent in many of the studies
reviewed. However, without more rigorous study
designs, this cannot be assumed.

Most interventions were tailored to improve perfor-
mance to the standard required to pass a re-sit or
re-take rather than to support the development of
effective lifelong learning skills. The ethics of sup-
porting students to progress to the next stage of
training only to continue to perform poorly (e.g.
6,15,38) are, at best, questionable. It is also debatable
whether scarce faculty resources should be used to
support progression without improvement, which
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may take weak students further towards registration as
potentially weak doctors,3,4 when the evidence sug-
gests that faculty members find it harder to fail senior
students.8

Moreover, we do not know what types of extra
support work, or how much extra teaching is critical.
The process measure of ‘satisfaction’, where em-
ployed, does not add much to our understanding of
barriers, facilitators or what precisely works. However,
those studies that explicitly attempted to tease out
what makes a difference14,38 are a welcome addition
to the literature, hinting as they do that particular
subgroups of students (e.g. those who attend when
the intervention is not mandatory,38 those who are
slightly better performers55, those who can accurately
self-assess,14 and possibly those taught by experienced
teachers54) may respond best to remediation. One
recent study, not included in this review, suggests that
organisational factors, such as the implementation of
an academic dismissal policy, may also be influen-
tial.60 These findings are unsurprising. Firstly, it has
long been recognised that reasons for poor perfor-
mance are myriad; that is, poor performers are not a
homogeneous group. Secondly, evidence from com-
plex interventions in clinical areas has recently
highlighted that these have different effects in
different subgroups.61 In identifying differences in
subgroups and hinting at potential teacher influ-
ences, these studies raise just as many questions as
they answer – the list of possible active components is
long, if not endless46 – but examining this in detail
will progress knowledge on this topic and provide
further information on how best to use scarce faculty
resources.

We also wished to examine the extent to which
interventions were underpinned by theory. The
review indicates that there is a growing trend for
studies to use theory to conceptualise their interven-
tions. The most widely used theoretical framework
was broadly cognitive, using self-regulation, meta-
cognition and reflection, and the giving and receiving
of feedback.14,38 This seems very appropriate: educa-
tion research has indicated quantitative and qualita-
tive differences in regulation processes and activities
between weak and strong learners (e.g. 62). Highly
self-regulated learners are academically more suc-
cessful than those students with low levels of skill in
self-regulated learning (SRL) or those who lack
regulation in their learning (e.g. 63). We cannot
assume that students can self-regulate when they
enter medical school: indeed, an exploratory study
suggests that differences in SRL in successful and
unsuccessful medical student learners are identifi-

able.64 Thirty years of education research has identi-
fied that explicit training in SRL techniques is
effective65,66 in terms of improving learning out-
comes for students. We suggest that this framework
could make important contributions to traditional
medical training assessment frameworks that have
been used to identify and remediate strugglers (see
also67–69). The provision of ‘learning to learn’ courses
for Year 1 medical students may provide an effective
approach to helping students at an early stage of their
medical careers to identify their SRL approach and
make changes that might reduce their chances of
future underperformance.70 Further research is
indicated.

Most remediation efforts are targeted at learners in
the latter years of medical school. However, early
remediation interventions have the potential to stop
the cycle of underperformance that is characteristic
of many struggling students. Struggling students have
low self-efficacy beliefs and negative feelings about
learning that directly influence their motivation to
persist with difficult learning tasks.71 These students
need to experience success as soon as they are
identified as struggling so that they can feel a sense of
control over their learning and performance. More-
over, given that the aim of a remediation intervention
should be to ensure safe practice, developing defen-
sible systems for identifying and addressing under-
performance may empower medical schools to advise
students who fail, and fail again even after interven-
tion, to seek alternative careers.

To the best of our knowledge, this is the first
systematic review of the literature on remediation in
medical education and the first review in this area to
have focused on how or why remediation may have
worked.39 We included published letters and unpub-
lished literature in this review, but not conference
abstracts, and therefore our findings may be subject
to publication bias and the under-reporting of neg-
ative findings (although this hypothesis is not sup-
ported by the data presented). The process of
reviewing was strengthened by numerous checks by
several authors. Our findings differed from those of a
thematic review reported in 2009,42 partly as a result
of the many studies published in recent years, most of
which were conducted in the setting of undergradu-
ate medical education, and as a result of the different
focus of this review. A potential weakness of this study
is that we did not systematically search the literature
to explore how professions allied to medicine tackle
underperformance. Although the evidence suggests
that self-reported satisfaction is unlikely to be a
particularly useful measure, we took the decision to
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include the studies (n = 4) which reported student or
faculty staff views of the remediation intervention or
an aspect of the intervention as their only outcome
measure in order to provide a fuller picture of the
literature on this topic. We did not report on the
psychometric adequacy of the assessments used to
identify underperformance and re-assess perfor-
mance and thus we cannot comment on the reliability
or validity of these measures. We excluded studies
involving practising doctors for pragmatic reasons,
but are aware that this area (e.g. effectiveness of
continuing medical education, role of maintenance
of certification and maintenance of licensure pro-
grammes) is also in need of research.

The data presented here and in the wider literature
suggest that changing the focus of teaching, learning
and assessment to include assessment of the actual
processes of learning would progress work in this
area. Doing so should enable the accurate diagnosis
of underperformance and the early identification of
the reasons for its occurrence, as well as providing a
sound theoretical basis for remediation that focuses
on ‘learning to learn’ rather than ‘examination
coaching’. Although we acknowledge the roles of
local context46 and individual factors in underper-
formance, multi-institution approaches to remedia-
tion would provide insight into the generalisability of
interventions and allow more rigorous, controlled
study designs, which are necessary to determine
cause–effect relationships. Adopting complex inter-
vention models, such as those recommended by the
Medical Research Council (MRC) in the UK would
enable the identification and evaluation of the key
components of any intervention, progressing knowl-
edge of what does and does not work. Finally, and
critically, moving the focus of remediation interven-
tions to one of ‘learning to learn’ shifts the outcome
measures from immediate examination performance
to performance as a doctor in training.

In summary, this review has established the current
state of knowledge on the conceptual and method-
ological bases of remedial interventions in medical
education. In doing so, it has identified that all is not
doom and gloom: more recent studies are of much
better quality, particularly in terms of the explicit use
of pedagogic or theoretical frameworks to underpin
intervention design, often with the inclusion of
longer-term follow-up. This review has identified new
research questions in this area and will serve as a tool
to stimulate debate among those involved in identi-
fying and addressing underperformance in medical
education.
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