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ABSTRACT

Objectives Medical education profoundly impacts
patients, students, educators and public resources.
However, the economic dimensions necessary for informed
decision-making remain underexplored. This systematic
review examines how economic evaluations are conducted
and reported in undergraduate medical education (UME)
literature and assesses their quality.

Design Systematic review.

Data sources Medline, Embase, Web of Science,
Cochrane, ERIC, Google Scholar and the CEVR CEA
databases were searched on 13 September 2024.
Eligibility criteria Eligible studies evaluated interventions
within UME and reported (incremental) costs and effects,
employing any method such as cost-effectiveness
analysis, cost-minimisation analysis or decision-analytic
modelling.

Data extraction and synthesis Key data, including
study characteristics, evaluation type, perspective,
intervention details, sensitivity analyses, cost and effect
measures, outcomes, expressions of cost-effectiveness
and adherence to economic reporting guidelines, were
extracted. Quality was assessed using the CHEQUE tool,
and the findings were synthesised qualitatively.

Results 0f 6559 studies identified, 21 met the inclusion
criteria. Most studies reported costs and effects post-hoc
within effectiveness trials, with only one decision-analytic
modelling study identified. Evaluated domains included
instructional methods, skills training, selection and student
health. All but one study adopted a payer (university)
perspective, and nearly all focused on short-term
outcomes. Sensitivity analyses were rarely performed, and
no study achieved full quality scores.

Conclusions Economic evaluations in UME are scarce
and often of limited methodological rigour. A shift towards
comprehensive, prospective evaluations is needed to
address long-term outcomes, societal perspectives and
methodological robustness. Such efforts will enable

better resource allocation, enhance the impact of medical
education and contribute to a sustainable educational
landscape.

PROSPERO registration number CRD42023478907.

INTRODUCTION

Medical education shapes the future health-
care landscape by training competent and
compassionate health professionals. The
value of medical education extends beyond
individual students; it has a profound impact

.23 Skander Essafi,* Christa Niehot,® John B Wong,°

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This review applied a comprehensive and system-
atic search strategy developed in collaboration with
an information specialist to identify relevant studies.

= The review incorporated a rigorous assessment of
sensitivity analyses and uncertainty, addressing key
methodological gaps in the included studies using
the CHEQUE tool.

= The study included both trial-based evaluations and
decision-analytic models, offering insights into di-
verse methodological approaches.

= The review was limited to undergraduate medi-
cal education, excluding potentially transferable
findings from other areas of health professions
education.

on the healthcare system and society at large.
The field is continuously evolving to equip
healthcare professionals with the diverse
competencies needed, requiring adapta-
tions in both content and form to meet the
dynamic challenges of the evolving health-
care landscape based on emerging demands,
knowledge and technologies.

However, even if an educational interven-
tion seems effective, it does not automati-
cally mean that providing it is appropriate
given the time and cost constraints.' Effi-
ciency, ensuring the greatest impact through
cost-effectiveness with available resources, is
one of the core principles of social account-
ability in medical schools.” The concept of
lean learning emphasises the reduction of
inefficiency by eliminating unnecessarily
complex and time-consuming practices, while
directing resources to areas where they will
have the greatest impact.” In the past 60 years,
the cost of medical education in the USA has
increased by 750%." While much attention
has been given to the effectiveness of educa-
tional interventions, another vital aspect—
cost-effectiveness—remains  underexplored
in a world with increasing demands on educa-
tional institutions and finite resources.’

Effective educational innovations should
undergo economic evaluations to verify their
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efficiency compared with alternative approaches across
diverse contexts.® Educators and policymakers who are
considering a curricular change or other educational
intervention need to know the potential benefits, risks,
uncertainties, preferences, as well as the cost in order to
take informed decisions.’ However, evaluations of costs
are rare in medical education, ranging from 0% of publi-
cations evaluating undergraduate medical interventions
in 1969 to 3% in 2007.% A systematic review of e-learning
interventions from 2014 concluded that of all 60 included
papers, not one explicitly investigated cost-effectiveness,
cost-benefit or cost utility.”

While previous authors have highlighted the need for
the integration of economic evaluations in the area of
medical education,3 510-12 g1 economic evaluations seem
to be scarce. However, to the best of our knowledge, no
systematic review of economic evaluations of the complete
body of literature has been conducted. Related reviews
have been conducted within specific types of interven-
tions such as skills training, e-learning” ™' or continuous
professional development,'® investigated cost-analysis
without requiring trade-offs with effectiveness'® '* '/
or had publication date restrictions.'? '’ Neglecting to
consider such trade-offs can lead to a suboptimal resource
allocation, especially in cases where the effectiveness of
two educational interventions is similar, but costs differ
widely.

In response to this gap, our review aims to provide a
comprehensive overview of how economic evaluations of
undergraduate medical education (UME) are conducted,
reported and how they align with quality standards for
methods and reporting.

AIM

We sought to answer the question: ‘How are economic
evaluations conducted and reported in the field of
UME?’; and we discuss the implications of these findings
for the future of medical education and research. Our
review focuses on interventions that seek to improve and
enrich medical curriculum content, methodologies and
the experiences of students or faculty within medical
training programmes, or other aspects of medical educa-
tion. The primary aim is to explore and present the land-
scape and methodology of decision-analytic models and
economic evaluations within UME. Specifically, we review
analyses that involve a trade-off between incremental
benefits, such as improvements in students’ academic
performance or the quality of life of patients, and incre-
mental costs such as monetary costs and faculty time.
The secondary aims were to investigate which methods
were applied in UME cost-effectiveness analyses (CEAs),
how included studies were performed considering health
economic evaluation methods and reporting standards,
which comparisons were made in which areas of UME,
which cost and effect outcomes were estimated, how
trade-offs in costs and effects were expressed and how
uncertainty was handled in included papers.

METHODS

This review is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for reporting systematic reviews.'®
Table 1 provides an overview of definitions of key terms
used throughout this manuscript.

Eligibility criteria
To be eligible for inclusion, papers needed to meet the
criteria listed in table 2.

We included studies that evaluated interventions
targeting UME students and faculty. These interventions
aimed to improve aspects of medical education (systems),
such as curriculum design, teaching methods or student
health. We focused on studies that compared different
interventions and reported both costs (monetary or time)
and effects (eg, student performance, patient outcomes).
Economic evaluations, including cost utility, cost-benefit
and cost-minimisation analyses, as well as decision-analytic
models, were eligible for inclusion. Decision-analytic
models compare the expected costs and consequences of
two or more decision options by combining the best avail-
able evidence from multiple sources and applying mathe-
matical techniques.19

Studies that did not involve a comparison group, relied
solely on qualitative assessments of costs or effects, or were
not reported in English were excluded. Studies without
a comparison group were excluded because they do not
meet the criteria for a full economic evaluation, which
requires a comparison of costs and effects between two
or more alternatives. Non-English studies were excluded
due to resource constraints and the need to ensure consis-
tency in interpretation among the research team.

Information sources and search strategy
A search strategy was developed by an information
specialist (CN) in cooperation with the lead author
(SWD). The search was developed in Embase.com,
0ptimised20 for sensitivity and then translated to other
databases. The search was carried out in the databases
Medline, Embase, Web of Science, Cochrane and ERIC.
Additionally, a search was performed in Google Scholar
from which the 200 highestranked references were
downloaded using the software Publish or Perish?' and
the CEVR CEA database. The search contained terms for
(1) medical students and (2) costs and cost analysis. No
study registries were searched, but Cochrane CENTRAL
retrieves the contents of ClinicalTrials.gov and WHO’s
International Clinical Trials Registry Platform. Systematic
reviews identified by our search were screened for addi-
tional citations that met our inclusion criteria.

The full searches for each database are described in
online supplemental table 1.

Selection and data collection process

The information specialist (CN) eliminated duplicate
search results using Endnote?* and imported identified
papers into Rayyan QCRL* a freely available software
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Table 1

Glossary of economic terms used in this paper. Adapted from Dijk et al®

Glossary of terms

Alongside trial CEA

Cohort state transition model (Markov
model)

Consolidated Health Economic Evaluation
Reporting Standards (CHEERS)

Cost analysis

Cost-effectiveness analysis (CEA)
Cost minimisation analysis
Cost-effectiveness acceptability curve
Criteria for Health Economic Quality
Evaluation (CHEQUE)

Decision-analytic model

Economic perspective

Incremental cost

Incremental Cost Effectiveness Ratio (ICER)

Incremental effect

Incremental Net Health Benefit (iNHB)

Incremental Net Monetary Benefit (iNMB)

Net benefit

Non-inferiority Randomised Controlled Trial

Probabilistic analysis (PA)

QALY

Sensitivity analysis

Value of information analysis (VOI)

Willingness to pay (WTP)

A type of economic evaluation conducted concurrently with a clinical trial.

A mathematical model that simulates the progression of a group of people through different states over
time.

A set of guidelines designed to improve the reporting of health economic evaluations.

A method that identifies, measures and compares the costs of different interventions.
A technique that compares the costs and health effects of two or more interventions.

A type of economic evaluation used to compare the costs of two or more interventions that are considered
to have equivalent effectiveness. In other words, it helps determine the least expensive way to achieve a
specific health outcome.

A graphical representation of the probability that an intervention is cost-effective across a range of cost-
effectiveness thresholds.

A quality assessment tool for cost-effectiveness analyses.

Decision-analytic models compare the expected costs and consequences of two or more decision options
by combining the best available evidence from multiple sources and applying mathematical techniques.

The viewpoint adopted to define the types of costs and benefits to consider in an economic evaluation.
The choice of perspective determines which costs and benefits are included in the analysis and can
significantly influence the results. The most common perspectives in health economic evaluations are the
societal, healthcare and payer perspectives. The societal perspective considers all costs and benefits to
society, including direct and indirect medical costs, productivity losses and quality of life. The healthcare
perspective focuses on the costs and benefits incurred within the healthcare system, such as hospitals and
medications. The payer perspective, such as a medical school, considers the costs and benefits from the
viewpoint of a specific payer, for example, the costs of hiring additional faculty.

The additional cost associated with one intervention compared with another.

A ratio demonstrating the trade-offs between costs and benefits, calculated as the ratio of the incremental
cost of an intervention to the incremental benefit in health outcomes.

The additional health, learning or other benefit achieved by one intervention compared with another.

A summary statistic representing the impact of an intervention on a population’s health for a given
willingness-to-pay threshold, compared with an alternative intervention, calculated as:
incremental health benefit-incremental cost of the intervention/willingness-to-pay threshold

A summary statistic representing the value of an intervention in monetary terms for a given willingness-to-
pay threshold, compared with an alternative intervention, calculated as:
incremental health benefit*willingness-to-pay threshold-incremental cost of the intervention.

A summary statistic representing the impact of an intervention on a population outcome compared with
an alternative intervention, calculated as either incremental net health benefit or incremental net monetary
benefit.

A clinical trial designed to demonstrate that a new treatment is not significantly worse than an established
standard treatment.

A technique used to propagate uncertainty from model inputs to model outcomes. Also referred to in the
literature as Probabilistic Sensitivity Analysis (PSA).

Quality-adjusted life year.

Sensitivity analysis is a technique used to understand how changes in input variables affect a specific
output variable. It involves systematically varying the values of input variables to observe their impact on
the output variable.

The estimation of decision uncertainty and the value of collecting more information on key parameters
influencing a decision, expressed in monetary or health terms.

A threshold that represents what the decision maker or society is willing to pay for a unit of health outcome.
The threshold is expressed in monetary units per health outcome.

for in- and excluding papers in systematic reviews. Data
extraction was performed in Microsoft Excel.

Two reviewers (SWD and SE) assessed papers for inclu-
sion and data extraction. Disagreements were resolved by
consensus by SWD and SE or by the full research team.

Data items
Extracted data items include study characteristics, type of
economic evaluation, study sample, medical education

domain, economic perspective, intervention, compar-
ator, cost measure, outcome measure, cost, outcome,
willingness-to-pay WTP) threshold, sensitivity analyses,
the authors’ conclusions on cost-effectiveness and the
stated use of reporting guidelines for reporting economic
evaluations, such as the currently the most widely used
guideline Consolidated Health Economic Evaluation
Reporting Standards (CHEERS).** When papers did not
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Table 2 Inclusion and exclusion criteria according to PICOS
Item Inclusion Exclusion
Population » The study includes at least 20% undergraduate » Only postgraduate/post-registration medical

medical students (but can be a mix between, eg,

graduates (eg, residents).

medical students and residents or other health » Students from other health professions.
profession students). » Community members/patients.

» The study includes faculty involved in
undergraduate medical education.

Intervention  » Any intervention aimed at intervening within » Interventions aimed to teach medical students about
the system of medical education, the medical health economics and cost-efficiency.
curriculum or other aspects of the medical school. » Interventions employing medical students as

health workers to reduce costs in patient care (eg,
employing students as medical scribes).

» Interventions that take place outside of the medical
school setting or that do not address aspects of
medical education, medical student life or the medical
school setting.

Comparator » Any comparator. A comparison must be made in » No comparator (eg, cost-analysis or a description of
order to report incremental costs and benefits. an intervention).

Outcome » Any reported incremental cost (eg, monetary cost  » Qualitative descriptions of costs or cost-effectiveness
or time invested by faculty) and effect (eg, quality- (eg, staff considered the intervention cost-effective).
adjusted life years or academic performance) that » Analyses that only report costs, or only report effects,
is numerically quantified. or only report these for the intervention arm.

Study type B Economic evaluations: cost-utility analysis, cost-  » Not an economic evaluation.
benefit analysis, cost-minimalisation analysis. » Cost analysis (no effects).

» Decision-analytic models. » Opinion papers, reviews, letters to the editor,

» Alongside trial cost-effectiveness analysis.

explicitly state which strategy was the intervention and
which the comparator, we reported the strategy that was
presented as more novel as the intervention.

Study quality assessment
We assessed the quality of including studies using
the Criteria for Health Economic Quality Evaluation
(CHEQUE tool).” * Our assessment focused on the
methodological and reporting quality of the economic
evaluation within the selected papers, rather than the risk
of bias of, for example, the trial that they are based on.
We generated a concise visual representation of the
assessment using statistical software R? similar to the Risk
of Bias visualisations from the package robvis.”® The total
scores are computed using CHEQUE’s score weighting
system. We provide both the weighted scores where we
assign a full score for items valued as N/A (not appli-
cable), and where we exclude N/A values from both the
numerator and denominator. An attribute is not appli-
cable, for example, if a question addresses a modelling
aspect, but the assessed study is not a decision-analytic
model. The final scores were expressed as a percentage of
the maximum obtainable score.

Cost and effect outcomes

We report costs and effects as incremental. All costs were
converted into US$2023 using an exchange rate and
inflation calculator.*

conference abstracts.
» Not available in English.

Synthesis methods

Within the review synthesis, we first reflect on the overall
methodological considerations of included papers,
followed by individual study cost-effectiveness results,
types of economic evaluations, educational domains,
expression of cost-effectiveness and sensitivity analyses
and handling of uncertainty. Within types of economic
evaluation, we distinguish economic evaluations along-
side trials® from economic evaluations that synthesise
data from disparate sources using decision-analytic
models."

RESULTS

Study selection

Our search conducted on 13 September 13 2024 iden-
tified 6559 papers. (Online supplemental table 2) After
eliminating duplicates, we excluded 4241 papers based
on title and abstract. 93 papers underwent an evaluation
of their eligibility through full-text assessment, resulting
in the exclusion of 75 papers. The reasons for exclusion
included duplication (n=3, 4%), insufficient representa-
tion of medical students (n=1, 1%), absence of a compar-
ator (n=27, 36%), lack of reported costs and/or effects
(n=24, 32%), effects and/or costs beyond the scope of
UME (n=5, 7%), incorrect study type (n=11, 15%) or
non-availability in English (n=4, 5%). We identified three
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Records identified from databases
(n = 6559)
Medline =1792
Embase = 2239
Web of Science = 1553

Records removed before screening (n= 2225)

Cochrane Central Register of Controlled
Trials =241
ERIC = 534
Google Scholar= 200
CEA Registry CEVR=0

Identification

A

Records screened (title/abstract)

Duplicate records removed = 2225

Records excluded

(n=4334)

A

Records assessed for eligibility
(full text)

Screening

» No costs and/or no effects reported = 24

(n =424

Records excluded (n = 75)
Duplicate=3
Wrong population =1
No comparator =27

(n=93)

Effect or cost outside of
medical education domain =5
Wrong study type = 11
Wrong language = 4

Additional records identified from systematic review

A 4

Studies included in qualitative
synthesis (n = 21)

Included

Figure 1

additional papers from systematic reviews.” ™3 Ultimately,
21 met the inclusion criteria for the systematic review.” ™!
Figure 1 represents a visual representation of this process
through a PRISMA flowchart.

Study characteristics

Table 3 provides a comprehensive overview of the included
study characteristics (extended version in online supple-
mental table 3). Studies were conducted in the USA, UK,
Canada, Netherlands, Australia and Germany (online
supplemental figure 1), and were published between
1994 and 2021 (online supplemental figure 2). The study
designs of selected articles were randomised controlled

(n=3)

PRISMA flowchart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

trials (n=12, 57%), non-randomised trials (n=4, 19%)
and cross-sectional comparisons, case studies or cohort
studies (n=4). We identified only one decision-analytic
model (n=1, 5%)." Among the range of economic
evaluation approaches were (alongside trial) CEAs and
cost-minimisation studies, one study used a case study
combined with a net benefit regression analysis and one
was a cost-benefit analysis. In other cases, the authors did
not explicitly investigate cost-effectiveness, but simply
reported costs and effects. The economic perspectives
adopted in the studies were all from a payer (university)
perspective, with only one study considering a societal
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Figure 2 Quality assessment scores for individual studies based on CHEQUE, separated across methods and reporting
attributes. CHEQUE, Criteria for Health Economic Quality Evaluation.

Outcome measures were multifaceted,
encompassing assessments of knowledge acquisition and
skills proficiency (n=20, 95%), student satisfaction (n=8,
38%) and student health (n=1, 5%). Additionally, the
studies employed mostly monetary cost measures, with
the exception of one study using staff allocation (full-time
equivalents; FTEs) per student,49 and one study using
man-hours™ as a cost measure.

C 48
perspective.

Quality assessment of studies

One study mentions the CHEERS statement.”” No other
papers explicitly refer to economics-based guidelines in
their reports.

Figure 2 illustrates the individual study scores for each
method and reporting item from the CHEQUE tool.
The mean weighted quality assessment for methods,
expressed as the percentage of the maximum attainable
percentage score was 55% (range: 18%-70%%) when
excluding N/A-rated items and 72% (range: 55%-81%)
when assigning full scores to N/A rated items. For
reporting, these scores were 73% (range: 28%—72%) and
82% (range: 63%-94%). No study obtained a full score.

Most studies scored high on relevance, specification of
goals and future implications to decision making, refer-
encing source data. However, there were several items
where no or few studies received full scores. For example,
no studies addressed equity considerations or comprehen-
sively summarised potential consequences in an impact
inventory table. No study reported attempts to validate
their results. Papers rarely explicitly assessed the quality
of their data or sources of bias (n=2, 10%). Few studies
explored alternative assumptions and scenarios (n=3,
14%) or did so partially (n=2, 10%). Two studies (10%)
performed probabilistic (sensitivity) analysis, which is
used to account for the uncertainty in multiple param-
eters, and constructed a cost-effectiveness acceptability
curve. Such curves show the probability that an interven-
tion is cost-effective across a range of WIP thresholds.
Several items on methodology and reporting were only
applicable to one model-based study and assigned N/A
in other cases. A detailed report of all considerations

towards the quality assessment using CHEQUE in this
study is published in Dijk et al.*®

Individual study results

The results of individual studies are summarised in
table 4, figure 3 and online supplemental table. When
multiple outcomes were mentioned, in most cases no
primary outcome was selected, leading to multiple and
sometimes conflicting conclusions on cost-effectiveness.
Not all papers explicitly stated which was the interven-
tion and which was the comparator strategy. While a WTP
threshold is needed to state whether an intervention is
cost-effective when there is a trade-off, no study explic-
itly chose such a threshold. Two studies™ * (10%) did
perform a sensitivity analysis in which they assessed cost-
effectiveness across a range of WIP values (online supple-
mental table).

Most comparisons in figure 3 had interventions with
higher effects and higher costs, requiring a trade-oft by
the institution to consider whether the benefit outweighs
the additional cost. However, there were also inter-
ventions with lower costs and higher or similar effects,
suggesting implementation without trade-off.

Types of economic evaluation

Decision-analytic models

The study by Smith et al from 1997*® was the only model-
based study identified by our review. The study is a Markov
model in which a hypothetical cohort of medical students
is followed across their lifetime to estimate the number
of hepatitis A cases and lost (quality-adjusted) years of
life with serological screening prior to vaccination, versus
vaccinating all students. Throughout the model, students
are in one of four possible health states: susceptible,
immune, acute hepatitis A infection or dead. The model
estimated that without vaccination, there would be 286
hepatitis A cases with 4 deaths and 107 lost years of life
over the lifetimes of 66 629 students enrolled in medical
school in the USA in 1997. Vaccination of all students was
cost-effective compared with serological screening.
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Other analysis types
2 % % In those studies that conducted CEAs alongside a trial,
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- T . . . . .
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El S g 5 0 g and extrapolated the costs and benefits to the full cohort.
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o E£Te used one of three catheterisation skills programmes (low-
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Q 22 22 o 9278 fidelity, high-fidelity or a progressive combination) and
& 8¢ g B 2 g23g : . o
> £ 8 e 8 2 €54 then used a net benefit regression analysis to identify
"R (0] (0] > © = . . . .
886 o b o 3 s 3 B 7 which programme was cost-effective. For each participant,
£ ge] ge] s oL2 . .
o5l 3 C @ S &%o they calculated the Net Benefit (NB) using the equation
48 ot 2% 2“4 Y § the €4
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S50 ZF c 53 . . . ..
wi A A Ofovwoanr :(). 3‘58 tional approaches (n=6), practical skills training (n=9),
. § § 22 consultation skills training (n=4), student selection (n=1)
] 8 2r3 and student health (n=1).
S L Bu57o
© o QDT> General instructional approaches compared digital and
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= 3243 5 face-toface learning, or instructional methods such as
S 0580 .
£l &5 ?«m? Ea S863 blended and problem-based learning (PBL) on student
o = 3 T fET . . . .
5| & 2 § £5 %5 knowledge and satisfaction, or the time and manner in
c o = . . .
& ' g2 (; 32 which students received feedback. A key factor influ-
T 2L 5% . . ..
Z9E% 3 encing the cost-effectiveness of a digital approach was the
3 % 3 3d inclusion of which costs across which time period. For
w| o Ssglo example, when two instructional cases were blended and
3| = 828%8 considered only immediate costs, digital deliveries were
e g £ s w2 more expensive.36 7 However, the study by Maloney et
- — P = . . .
3|2 g % 8289 al included not only immediate costs but also long-term
Y 5] O . .
E1RG 3 =5 82 costs.” After 3 years, blended learning was saving costs
3} © > h . .
- £l = g s -§’a‘ ‘é;g compared with face-to-face learning costs as the costs of
20 E£5 . .
[} 2H O creating content were no longer in place, and the number
£ E:l% €0 < of hours in direct teaching was lower. Nieuwenhuijzen-
c =5 . .
S 33 388 Kruseman et al,"’ who reviewed the cost-effectiveness of
B e5 . . .
@ s § (_%’ﬁ PBL, compared their staff allocation to the other medical
o o [e] . . .
: 52 . 208 3Q% schools in the Netherlands and assumed differences in
-_— © o Qo .
i £ © > 3 § N 23 general student performance (the effectiveness) were
- . © = F¥m&0 due to differential PBL-hour allotments.
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Figure 3 Descriptive cost-effectiveness plane. On the Y-axis, we show the categories higher, similar and lower costs of the
intervention (first mentioned) versus the comparator on the X-axis. Interventions falling within the right lower quadrants (Q4:
higher/similar effect and lower/similar cost) should be implemented, and those in the left upper quadrant (Q1: lower/similar
effect and higher/similar cost). The remaining items (Q2/Q3) require a trade-off between the additional costs or cost-savings and
the additional effects gained or foregone, which depends on the willingness-to-pay and the available resources. The numbers in

the image refer to the references.

Authors who reviewed practical skills training interven-
tions (eg, suturing, laparoscopy, IV placement or pelvic
examination) compared novel technologies such as
simulators, holography augmentation and virtual reality
to more traditional methods such as manikins and CDs,
as well as low-cost alternatives such as cardboard boxes.
Notably, despite significant cost discrepancies in some
interventions (eg, a heart sound simulator’s incremental
cost of approximately $75 000), innovative high-cost
interventions were reported as having similar effects on
student performance to simpler interventions such as the
use of CD heart sounds.™

The studies in which consultation skills were trained
compared patient-, peer-led and physician-led teaching
to either maximise physical examination and communi-
cation skills, or to minimise cost.

In the paper by Schreurs et al,* the authors investigated
the costs and (monetary) benefits of a multi-method

medical school selection process versus a lottery admit-
tance system. While the lottery system incurred negli-
gible costs to the medical school, the average benefits of
multimethod selection were much higher with reduced
dropout, reduced repetition of courses and reduced
examination resits across the 3-year medical bachelor.
Finally, the study by Smith e al®® on Hepatitis A vacci-
nation (described under subsection ‘Decision analytic
models’) was the only study that investigated student health.

Cost domains

One study’® uses a specific guideline™ for reporting cost
for clinical examination. Most studies included personnel
costs and materials. Rarely were costs separated into fixed
and variable costs, and rarely was cost-effectiveness inves-
tigated across a time horizon beyond immediate results.
The costs of maintenance were not negligible for inter-
ventions, such as the high-fidelity heart sound simulator,
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but were not included in the cost-effectiveness compar-
ison.” One study included the cost of student dropout,™
and one study the costs related to cases of hepatitis care
and future time off work."®

We did not identify any studies that incorporated
the costs of, for example, infrastructure, costs borne by
learners such as time, travel and opportunity costs or
costs and benefits to patients and society at large.

Expression of cost-effectiveness trade-off

Some studies presented an Incremental Cost Effective-
ness Ratio (ICER), which is calculated as the incremental
cost of the new intervention divided by the incremental
benefit. When no trade-off is necessary and one of the
interventions is dominant (has both higher effect and
lower costs), an ICER does not need to be calculated.
Other studies did not explicitly express cost-effectiveness,
but rather presented the costs and effects separately
within the paper. One study expressed cost-effectiveness
in terms of NB.*

Sensitivity analyses and uncertainty

Three papers investigated alternative choices and
assumptions through sensitivity and scenario analyses.
These studies explored various scenarios, including what
would happen if the interest rate changes," if the authors
included the costs of training teaching associates,” what
would happen if not the full cohort but only half the
cohort received the intervention,” or what if transition
costs or staffing requirements increased.”

Janjua et al® used one-dimensional bootstrapping to
establish confidence intervals around variables such as
cost. While all except two papers focused on determin-
istic analyses, Janjua et al” also applied Probabilistic
(Sensitivity) Analysis. In this approach, they used two-
dimensional bootstrapping, in which they resampled
costs and outcomes simultaneously to generate a distri-
bution on a cost-effectiveness plane. Moreover, Isaranu-
watchai et al and Janjua et al* *° extended their analysis
by generating a Cost-Effectiveness Acceptability Curve
(CEAC). This curve offers decision-makers a tool to
assess the probability that an intervention is cost-effective
compared with its counterpart across various WIP values.

DISCUSSION

In this review, we explored the landscape of economic
evaluations in UME, shedding light on both observed
practice and gaps in the literature. Our review highlights
the limited quantity and quality of economic evaluations
in UME. We found that: (a) economic evaluations in
UME are scarce and of limited methodological rigour,
with most studies reporting costs and effects post-hoc
rather than incorporating economic considerations
prospectively; (b) nearly all studies focused narrowly
on immediate payer costs and short-term effects, omit-
ting broader societal perspectives, long-term outcomes
and equity considerations; (c) sensitivity analyses and

uncertainty assessments were rarely performed, with
most studies relying on deterministic methods that limit
the robustness of conclusions and (d) while interventions
often required a trade-off between costs and benefits,
few studies explicitly quantified these trade-offs using
frameworks such as Incremental Cost-Effectiveness Ratios
(ICERs) or CEAGs. These findings underscore the need
for more comprehensive, prospective and methodologi-
cally sound economic evaluations in UME to guide policy
decisions effectively.

Our review highlights a discrepancy between the
growing recognition that evidence-based medical educa-
tion should address constraints on time and resources,10
and the application of such analyses. While previous
authors called for more economic evaluations®” '*'* and
even provided guidance on how to conduct’ or assess''
published literature in this field, the full body of UME
literature had not been previously reviewed. Our review
emphasises the necessity to shift towards more compre-
hensive evaluations that recognise the complexity of
educational interventions, their uncertainty and their
broader societal impact to contribute to a more sustain-
able resource allocation and a more impactful education
landscape.

With finite resources available, the principles of social
accountability in medical schools require us to aim for the
best value for (often public) money.” ** Decision-making
requires a careful consideration of available information,
the likelihood of a range of possible outcomes and societal
values.” Most decisions by policymakers bring along an
opportunity cost: the resources used for one intervention
could also be invested elsewhere. This requires priority-
setting. Failing to consider trade-offs between costs and
effects in UME leads to a suboptimal allocation of finite
resources. This consideration is especially important in
cases where the effectiveness of two educational interven-
tions is similar, but costs differ widely.

Many core principles from economic guidance were
not or only partially implemented. Of the studies that we
did include in this review, the majority only stated costs
and effects after a trial or cross-sectional analysis was
conducted, whereas proper economic evaluations require
consideration upfront.”’ While no one type of analysis
(eg, cost-effectiveness analysis or cost-minimisation anal-
ysis) is universally more appropriate in medical educa-
tion contexts, the choice of economic evaluation method
should align with the specific research question being
addressed.

Previous authors attributed the scarcity of economic
evaluations in medical education to the prevalence
of qualitative research methods over quantitative
approaches™ and a lack of reliable tools for assessing
educational effectiveness.”® Historically, most evaluations
in UME focus on relatively ‘low’ levels of outcomes such
as learner satisfaction or (self-reported) gain in skill,
rather than deep cognitive, psycho-motor, emotional or
behavioural changes,”’ patient outcomes, or doing justice
to the wider tasks of education to enable a diverse group
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Table 5 Common decision-analytic model types, descriptions and examples applied in the field of medical education

Model type

Description

Example application

Decision tree

State-transition cohort
model (Markov model)

State-transition
microsimulation model

Discrete event simulation

Dynamic model

Agent-based model

Simple yet powerful, decision trees calculate
expected values by weighing chances and
outcomes. They assist in making choices

by visualising the potential consequences

of different strategies and can be used to
calculate the expected value of each overall
strategy.

These models track sequences of events
over time, recurring for hypothetical cohorts.
They are invaluable for understanding long-
term implications and trends within a defined
cohort.

Microsimulation models track the progression
of simulated individuals rather than cohorts.
This allows for a nuanced exploration of an
interventions’ impact on diverse individuals.

Focusing on unrestricted time periods,
discrete event simulations map the progress
of individuals through systems. They can
help identify bottlenecks and evaluate the
consequences of procedural adjustments.

Interactivity plays a central role in dynamic
models, where individuals interact within a
system. These models are ideal for studying
the dynamic effects of interventions within a
population.

In addition to the interaction between
individuals (=agents) within a model, their
individual behaviour is also modelled.

When a university is faced with choosing between
software packages, a decision tree can help
assess the trade-offs between upfront costs,
maintenance and risks.

In deciding whether to implement a mindfulness-
based stress intervention programme for

medical students, a state transition model
follows a hypothetical cohort from enrolment to
graduation and looks at how quality of life and
student dropout are affected with and without the
programme.®!

A microsimulation model could help the university
understand how certain career supportive
measures could be allocated to specific (groups of)
faculty to reduce inequalities.

Researchers could use discrete event simulation
to enhance the efficiency of Objective Structured
Clinical Examinations, by investigating the
potential impacts of adjustments in factors like
station numbers and personnel.

A university-wide model considers all students and
faculty, which uses dynamic modelling to compare
COVID-19 prevention strategies such as mask-
wearing and changes in class size.

A simulation of the regulations for social distancing
and mask-wearing that takes into account how
individuals make choices in the face of these
measures.

of students to develop themselves as future health profes-
sionals™ while preserving their well-being. This observa-
tion was also reflected by our study; while such evaluations
are beneficial for internal quality assurance, their limited
scope offers less valuable insights into discussions on
long-term value®” and cost-effectiveness. Nearly all studies
included in our review considered only costs and effects
immediately after intervention. Cost-effectiveness is likely
to be largely underestimated when omitting the costs of
providing poor quality medical education, such as the
consequences of medical errors.” ™%

The scope of identified studies was also narrow, where
nearly all only considered a payer perspective and
included personnel and material costs, but not long-term
and societal consequences. Additionally, more frequent
applications of trials in decision-analytic models could
offer new opportunities to explore expected long-term
and broader impact of educational interventions. One
such decision-analytic model was published after our
search date and was therefore not included in our review,
but can serve as an example for future reference.”’ An
overview of common types of models and what questions

they could answer in the area of UME is provided in
table 5.

Multiple quality items from the CHEQUE tool were not
or rarely addressed appropriately, or addressed at all in
included papers. None of the included studies addressed
equity considerations or consequences for decision
making, whereas these could be especially important
in matters of student selection,ﬁ‘l assessment,63 patient
involvement® ** and efforts to reduce time and monetary
costs to students. Additionally, we had set out to provide
a comprehensive overview of all aspects of costs that were
included in economic evaluations in medical education,
but found that these were commonly limited to personnel
and materials. We could also not provide guidance on the
use of WTP levels as none of the included studies selected
one.

While the importance of uncertainty is recognised as
one of the underpinnings of medicine and evidence-
based medical (education) research, uncertainty was
rarely considered by included studies. Sensitivity analyses
can assess the robustness of the conclusions of any anal-
ysis over a range of structural assumptions, probability

Dijk SW, et al. BMJ Open 2025;15:2091911. doi:10.1136/bmjopen-2024-091911

15

'salfojouyoal Jejiwis pue ‘Bulurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold
jooyoasaboysnwseiq
V.11-Z39 juswiredaq e 520z ‘8¢ |14dy uo /wod fwq-uadolway/:diy woiy papeojumod ‘5202 Yd1eN €T U0 TTET60-7202-uadolwa/9eTT 0T Se paysiignd isiy :uado CING


http://bmjopen.bmj.com/

estimates or outcome values.” To be confident about a
decision, one should explore how assumptions will affect
a decision in a ‘what if* analysis.” Costs specifically were
reported as a single number with no room for consid-
eration of errors. Only a handful of papers performed
some form of sensitivity analysis where the impact of
specific scenarios or the combined uncertainty of costs
and effects was investigated. To deal with uncertainties in
a given decision problem, one should seek the best avail-
able evidence to support or refute their assumptions and
use a framework for combining all of these uncertainties
into a coherent choice.” The reported costs and effects
in individual studies and in this review should therefore
be read with caution. Decision-analytic models, combined
with probabilistic sensitivity analysis and value of infor-
mation analysis, could offer the medical education field
methods of extrapolating results beyond the trials, incor-
porating uncertainty and quantifying the consequences
of making a decision or collecting more evidence.”
As these types of models were not previously covered in
the existing guidance or reviews in UME specifically, this
paper provides an overview of example applications and
model types (table 5).

Strengths and limitations
Strengths of our review include the comprehensiveness of
our search and our exploration of economic evaluations
in medical education, which contribute to building knowl-
edge in a previously underexplored topic. We did not
apply restrictions to publication year or a specific domain
of UME. By reviewing comparable papers together, some
interesting patterns were observed, such as that many
high-cost skills-based interventions did not result in
higher effects. The two papers” * identified by a related
systematic review and that were also eligible according to
our inclusion criteria were also identified by our review,
supporting the thoroughness of our search. We also apply
the newly developed CHEQUE health economic evalua-
tion quality assessment tool in a systematic review setting
for the first time.*® This results both in a thorough assess-
ment of the quality of included economic evaluations,
as well as contributes to the further development of the
CHEQUE tool itself*®

However, our review also has limitations. Some rele-
vant papers could be missed if they were not identified
as cost-effectiveness analyses or did not imply within the
abstract that both costs and effects were measured. Three
additional papers from systematic reviews were identi-
fied for which this was the case. Additionally, our deci-
sion to focus solely on UME would likely have excluded
papers that universal aspects applicable from other fields
of higher (health professions) education,'® %" although
cost-effectiveness research is also limited in other areas
of higher education.” In summarising costs and esti-
mates, we only provided absolute numbers without
uncertainty to support readability. Additionally, we had
intended to provide a usable overview of the various cost
domains considered by individual papers, but found

little variation in what was included (such as personnel
and material costs). The overview previously compiled
from papers included in the cost-review by Yaros et al'”
and the book by Walsh et af provides better guidance to
future researchers in this respect than our compilation
in table 4." Lastly, we excluded many papers without an
explicit comparator (n=27), as we considered analysis
of cost-effectiveness requires a comparison between two
alternatives. We would have identified more studies if
we had also included studies with pre-intervention and
post-intervention tests, calculated the cost of educating
a student, or considered the status quo the comparator.
We did not consider papers that implicitly assumed a
strategy with null costs and null effects as a comparator
without explicit evaluation, as this approach may lead to
an underestimation of the true implications of the status
quo.

CONCLUSION

In conclusion, our study not only advances the current
discourse on economic evaluations in UME, but also sheds
light on practical considerations relevant to everyone
invested in the future of healthcare. The implications
underscore the need for a shift towards comprehensive
evaluations, recognising the complexity of educational
interventions and their broader consequences. Future
research should prioritise holistic, long-term context-
specific approaches to cost-effectiveness analyses in
medical education that address uncertainty and societal
consequences. In doing so, we collectively contribute
to a more sustainable and impactful medical education
landscape.

Cost-effectiveness should not merely be the concern of
economists; it is a matter of relevance to every individual
who cares about the trajectory of medical education
and, by extension, the future of healthcare. Each dollar
expended can only be spent once, underscoring the
need to ensure its allocation in a manner that maximises
impact while minimising the burden on students and the
broader society that bears the cost.
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