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TAKEHOLDERS IN MEDICAL EDUCA-
tion have maintained that the qual-
ity of medical education research
isinadequate. Professional orga-
nizations, journal editors, and education
researchers have appealed for greater
methodological rigor,'” larger multi-
institutional studies,®” and more mean-
ingfuland clinically relevant outcomes.'***

Despite the need to improve the qual-
ity of medical education research, fund-
ing opportunities are limited.®*> Ap-
proximately two-thirds of published
medical education studies are not
funded, and those with support are sub-
stantially underfunded.'” Investiga-
tors believe that increased funding will
enhance the quality of medical educa-
tion research by facilitating the use of
stronger study designs and multi-
institutional collaborations,' but an as-
sociation between education research
funding and study quality has not been
shown. An evidentiary link between
funding and study quality is needed to
justify greater resource allocation for
medical education research.

The lack of valid measures for evalu-
ating the quality of medical education
research has precluded attempts to dem-
onstrate associations between study
quality and funding. Although guide-
lines exist for conducting and report-

See also p 1038.
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Context Methodological shortcomings in medical education research are often at-
tributed to insufficient funding, yet an association between funding and study quality
has not been established.

Objectives To develop and evaluate an instrument for measuring the quality of edu-
cation research studies and to assess the relationship between funding and study quality.

Design, Setting, and Participants Internal consistency, interrater and intrarater
reliability, and criterion validity were determined for a 10-item medical education re-
search study quality instrument (MERSQI). This was applied to 210 medical educa-
tion research studies published in 13 peer-reviewed journals between September 1,
2002, and December 31, 2003. The amount of funding obtained per study and the
publication record of the first author were determined by survey.

Main Outcome Measures Study quality as measured by the MERSQI (potential
maximum total score, 18; maximum domain score, 3), amount of funding per study,
and previous publications by the first author.

Results The mean MERSQI score was 9.95 (SD, 2.34; range, 5-16). Mean domain
scores were highest for data analysis (2.58) and lowest for validity (0.69). Intraclass
correlation coefficient ranges for interrater and intrarater reliability were 0.72 to 0.98
and 0.78 t0 0.998, respectively. Total MERSQI scores were associated with expert qual-
ity ratings (Spearman p, 0.73; 95% confidence interval [Cl], 0.56-0.84; P<.001), 3-year
citation rate (0.8 increase in score per 10 citations; 95% Cl, 0.03-1.30; P=.003), and
journal impact factor (1.0 increase in score per 6-unit increase in impact factor; 95%
Cl, 0.34-1.56; P=.003). In multivariate analysis, MERSQI scores were independently
associated with study funding of $20000 or more (0.95 increase in score; 95% ClI,
0.22-1.86; P=.045) and previous medical education publications by the first author
(1.07 increase in score per 20 publications; 95% Cl, 0.15-2.23; P=.047).

Conclusion The quality of published medical education research is associated with
study funding.
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ing research,'®?* these are limited be-
cause they apply only to specific study
types, such as randomized trials. Thus,
these guidelines cannot be used to com-
pare research quality across studies of
various designs. We are unaware of pub-
lished instruments for assessing the qual-
ity of both experimental and observa-
tional medical education studies. Such
instruments would enable educators, re-
viewers, and journal editors to make
comparisons across the spectrum of evi-
dence in medical education.

We hypothesized that funding would
be associated with higher-quality medi-

cal education research studies. There-
fore, the objectives of this study were
to (1) develop an instrument to mea-
sure the methodological quality of edu-
cation research studies and determine
its reliability and validity, and (2) iden-
tify relationships between funding and
study quality.

Author Affiliations: Mayo Clinic College of Medicine,
Rochester, Minnesota (Drs Reed, Cook, and Beck-
man); and Johns Hopkins University School of Medi-
cine, Baltimore, Maryland (Drs Levine, Kern, and Wright).
Corresponding Author: Darcy A. Reed, MD, MPH, Di-
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lege of Medicine, Rochester, MN 55901 (reed.darcy
@mayo.edu).
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METHODS

We conducted a validity study of an in-
strument to measure the quality of
medical education research and a cross-
sectional study using that instrument
to identify associations between fund-
ing and study quality. The Mayo Foun-
dation institutional review board
deemed this study exempt from re-
view. Authors’ written response to the
survey indicated consent to partici-
pate.

Development and Evaluation of
the Medical Education Research
Study Quality Instrument

A medical education research study
quality instrument (MERSQI) was de-
signed to measure the quality of ex-
perimental, quasi-experimental, and ob-
servational studies. MERSQI content
was determined by a comprehensive lit-
erature review of reports on research
quality and critical discussion and in-
strument revision among the study au-
thors. Items were selected that re-
flected research quality rather than
reporting quality (eg, clarity of writ-
ing); elements such as “importance of
research questions” and “quality of con-
ceptual frameworks” were excluded be-
cause they are subject to individual in-
terpretation and vary with time.
MERSQI items were operationally de-
fined and modified according to re-
peated pilot testing using medical edu-
cation studies not included in the study
sample.

The final MERSQI included 10 items,
reflecting 6 domains of study quality:
study design, sampling, type of data
(subjective or objective), validity, data
analysis, and outcomes (TABLE 1).
MERSQI items were scored on ordinal
scales and summed to determine a total
MERSQI score. The maximum score for
each domain was 3, producing a maxi-
mum possible MERSQI score of 18 and
potential range of 5 to 18. The total
MERSQI score was calculated as the
percentage of total achievable points
(accounting for “not applicable” re-
sponses) and then adjusted to a stan-
dard denominator of 18 to allow for
comparison of scores across studies.

©2007 American Medical Association. All rights reserved.
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Item definitions and response catego-
ries were based on available evidence,
with an attempt to avoid arbitrary cut-
offs. For example, study design (item 1)
was scored according to established hi-
erarchies of research designs.”>* There
is general agreement that multi-
institutional studies are preferable to
single-institution studies (item 2)*" and
that objective measurements are prefer-
able to subjective measures in quantita-
tive research (item 4)."2° Although there
is no consensus on what percentage con-
stitutes an adequate response rate (de-
fined as the percentage of participants
who completed the evaluation compo-
nent of the study), response rate catego-
ries (item 3) were chosen a priori, an-
ticipating roughly equal differentiation
among published studies. Items 5, 6, and
7 reflect an established validity frame-
work??* and include the 3 most com-
monly reported categories of validity evi-
dence: internal structure, content, and
relationships to other variables (“crite-
rion validity”).>® Accuracy and integ-
rity of data analysis (items 8 and 9) is rec-
ognized as an important aspect of study
quality; some journals require a written
statement of responsibility for data analy-
sis as a condition of publication.’® The
rating of outcomes (item 10) is based on
Kirkpatrick’s*> widely accepted hierar-
chy.'® The highest score was assigned to
health care— or patient-related out-
comes in response to requests for clini-
cally relevant outcomes-based research
in medical education.!0**2¢

MERSQI Validity and Reliability

Principal Components Analysis and
Reliability. MERSQI score dimension-
ality was examined by using principal
components analysis with orthogonal
rotation. Components with eigenval-
ues greater than 1 were retained and
confirmed by inspecting the corre-
sponding scree plot.*> Items with fac-
tor loadings greater than 0.4 were
retained.*

Cronbach a was used to determine
internal consistency of individual com-
ponents and the overall MERSQI (all
items combined). Intraclass correla-
tion coefficients (ICCs) were used to as-

sess interrater and intrarater reliabil-
ity for all items. ICCs were interpreted
according to Landis and Koch®: less
than 0.4, poor; 0.4 to 0.75, fair to good,;
and greater than 0.75, excellent.”

Criterion Validity. Criterion valid-
ity evidence was demonstrated by the
association of MERSQI scores with 3
criterion variables. First, MERSQI
scores were correlated with global qual-
ity ratings from 2 independent experts
who are nationally recognized authori-
ties in medical education research and
current or former editors of leading
medical education journals. The ex-
perts had no knowledge of the MERSQI.
Experts were asked to make a global as-
sessment of methodological quality for
50 studies randomly selected from the
overall sample, using a scale of 1 to 5
(1=very poor; 5=excellent). To blind
experts to the authors and affiliations,
acknowledgments, and journal, the text
of each article was electronically cop-
ied into a uniform format before evalu-
ation. Expert interrater agreement was
determined with ICC. Spearman p was
used to measure correlation between
median expert quality ratings and total
MERSQI scores.

Second, the association between
MERSQI scores and the 3-year cita-
tion rate (number of times the study was
cited in the first 3 years after publica-
tion) was measured. Citations were ob-
tained from the Scopus database.’” To
adjust for potential citation rate infla-
tion,*® self-citations were manually
excluded.

Third, the association between
MERSQI scores and the impact fac-
tor® of the publishing journal in the
year the study was published was mea-
sured. Simple linear regression was used
to measure associations between total
MERSQI scores and citation rate and
impact factor.

Study Sample and Data Extraction

The MERSQI was applied to a sample
of 210 medical education research stud-
ies published between September 1,
2002, and December 31, 2003, in 13
peer-reviewed journals. Studies were se-
lected from 2 journals encompassing all
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medical specialties (JAMA, New En-
gland Journal of Medicine), 4 medical
education journals (Academic Medi-
cine, Medical Education, Teaching and

Learning in Medicine, Medical Teacher),
and 7 journals representing the core
specialty areas of internal medicine,
general surgery, pediatrics, family medi-

cine, obstetrics and gynecology, and
emergency medicine (Annals of Inter-
nal Medicine, Journal of General Inter-
nal Medicine, American Journal of Sur-

Table 1. MERSQI Domain and Item Scores for 210 Medical Education Research Studies

Score
Mean (SD)
Studies, Maximum I 1
Domain MERSQI ltem No. (%)2 Item Domain Item Domain
Study design 1. Study design 3 1.28(0.47) 1.28(0.47)
Single group cross-sectional 140 (66.7) 1
or single group posttest only
Single group pretest and posttest 33 (15.7) 1.5
Nonrandomized, 2 group 31 (14.8) 2
Randomized controlled trial 6 (2.9 3
Sampling 2. No. of institutions studied 3 0.84 (0.46)  1.90 (0.65)
1 135 (64.3) 0.5
2 8(3.8) 1
>2 67 (31.9) 1.5
3. Response rate, % 1.06 (0.44)
Not applicable 30 (14.3)
<50 or not reported 60 (33.3)° 0.5
50-74 39 (21.7)P 1
=75 81 (45.0)° 1.5
Type of data 4. Type of data 3 1.91(0.99) 1.91(0.99)
Assessment by study participant 114 (54.3) 1
Objective measurement 96 (45.7) 3
Validity of evaluation instrument® 5. Internal structure 3 0.25(0.44)  0.69 (0.93)
Not applicable 25(11.9)
Not reported 138 (74.6)4 0
Reported 47 (25.4)9 1
6. Content 0.29 (0.45)
Not applicable 25 (11.9)
Not reported 132 (71.4)9 0
Reported 53 (28.6)d 1
7. Relationships to other variables 0.15 (0.36)
Not applicable 25 (11.9)
Not reported 157 (84.9)4 0
Reported 28 (15.1)d 1
Data analysis 8. Appropriateness of analysis 29 (138.8) 3 0.86 (0.35) 2.58(0.65)
Data analysis inappropriate for study 181 (86.2) 0
design or type of data
Data analysis appropriate for study 1
design and type of data
9. Complexity of analysis 58 (27.6) 1.72 (0.45)
Descriptive analysis only 162 (72.4) 1
Beyond descriptive analysis 2
Outcomes 10. Outcomes 102 (48.6) 3 1.44(0.50) 1.44(0.50)
Satisfaction, attitudes, perceptions, 41 (19.5) 1
opinions, general facts
Knowledge, skills 62 (29.5) 1.5
Behaviors 5(2.4) 2
Patient/health care outcome 3
Total Score 18 9.95 (2.34)

Abbreviation: MERSQI, medical education research study quality instrument.
2Percentages may not total 100 due to rounding.

Percentage based on the 180 studies without a “not applicable” rating for the “response rate” item.
€ Applies to a new or referenced instrument.
d Percentage based on the 185 studies without a “not applicable” rating for the “validity of evaluation instrument” items.
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gery, Pediatrics, Family Medicine,
American Journal of Obstetrics and Gy-
necology, Academic Emergency Medi-
cine). Medical education research was
defined as any original research study
pertaining to medical students, resi-
dents, fellows, faculty development, or
continuing medical education for phy-
sicians. Original research was defined
as an educational intervention or trial,
curriculum evaluation with subjective
or objective outcomes, evaluation of an
educational instrument or tool, and
surveys. We included experimental,
quasi-experimental, and observa-
tional studies (including case-control,
cohort, and cross-sectional design) and
validation studies. Qualitative studies
were not included, because fundamen-
tal differences in study design, sam-
pling, evaluation instruments, and
analysis preclude summative compari-
son to other study types.*** Meta-
analyses and systematic reviews were
also excluded.

The 210 studies were randomly as-
signed to pairs of researchers who used
the MERSQI to independently rate the
studies. Individual raters’ scores were
used to determine interrater reliability,
and then disagreements between raters
were resolved by consensus to deter-
mine final scores. Raters were blinded
to funding data and expert global qual-
ity ratings; however, they were not
blinded to study authors and journals.
Each study was scored at the highest
possible level for each of the 10 MERSQI
items. For example, if a study reported
more than 1 outcome, the rating for the
outcome that yielded the highest score
was recorded, regardless of whether this
outcome was a primary or secondary
outcome. The criteria for scoring valid-
ity of evaluation instruments were the
same whether a new or established in-
strument was used; however, to re-
ceive full credit, studies using estab-
lished instruments were required to
reference the instrument and indicate the
type of validity evidence established for
the instrument. To examine intrarater
reliability, each study was rescored a sec-
ond time by the same rater between 3
and 5 months after the first rating.

©2007 American Medical Association. All rights reserved.

FUNDING AND QUALITY OF PUBLISHED MEDICAL EDUCATION RESEARCH

Study Funding and Author
Experience

In January 2004, we conducted a cross-
sectional survey of the first authors of
the medical education research studies
in the current study sample.” The sur-
vey assessed author experience (includ-
ing self-report of number of previous
publications, academic rank, advanced
degrees, and fellowship training of the
first author), amount of funding ob-
tained for the study, and an estimate of
resources used for the study. Details of
the study cost estimation are provided
elsewhere'; in brief, it was calculated by
multiplying the authors’ percentage of
effort dedicated to the study by the na-
tional median salary for each author, ac-
cording to specialty and academic rank,
and then adding the costs of resources
used.'” Responses were received from
authors of 243 of 290 studies (84%) in
the initial survey. We used the survey
data from 210 studies in this sample (af-
ter excluding 33 qualitative studies) to
identify associations between MERSQI
scores and study funding, study costs,
and author experience.

Data Analysis

Bivariate and multivariate linear regres-
sion were performed to identify factors
associated with study quality. The pri-
mary outcome was the total MERSQI
score, calculated as the percentage of total
achievable points, standardized to a de-
nominator of 18 to account for “not ap-
plicable” responses. Variables included
amount of funding obtained for the study
(US dollars, grouped as <$20 000 vs
=$20000 [the median amount for
funded studies]); study cost (US dol-
lars); and first-author academic rank
(student, resident, or fellow; instructor;
assistant professor; associate professor;
or professor), fellowship training (yes or
no), advanced degrees (1 advanced de-
gree vs more than 1 advanced degree, eg,
MD and PhD), overall number of previ-
ous publications, and number of previ-
ous medical education publications.
Stepwise forward selection was applied
to model building. Variables were added
to the multivariate model according to
level of significance (P<<.10) in bivari-

ate analysis. Model variables were ex-
amined for evidence of colinearity and
interactions. With a sample size of 210
studies, a multivariate linear regression
model with a=.05 and 5 covariates was
estimated to have 90% power to detect
an R? of 0.08, or greater than 99% power
to detect an R* of 0.15.

Preplanned subgroup analyses were
conducted with x? tests to examine as-
sociations between amount of fund-
ing (grouped a priori as <$20 000 vs
=$20000 [median funding] and
<<$100000 vs =$100 000 [top quar-
tile of funding]) and individual
MERSQI items. For x? analyses,
MERSQI items were dichotomized a
priori as study design (single-group
cross-sectional and pretest and post-
test vs 2-group with or without ran-
domization); institutions (single vs 2 or
more); response rate (<75% vs =75%);
type of data (assessment by study par-
ticipant vs objective measurement); in-
ternal structure, content, and relation-
ships to other variables (not reported
vs reported); appropriateness of data
analysis (inappropriate vs appropri-
ate); complexity of analysis (descrip-
tive vs beyond descriptive); and out-
come (satisfaction and knowledge or
skills vs behaviors and health care out-
come). Similar analyses using the full
scales for MERSQI items showed the
same results and are not reported here.

For all analyses, a 2-tailed P<.05 was
considered statistically significant. Data
were analyzed with SAS version 9.1
(SAS Institute Inc, Cary, North Caro-
lina).

RESULTS

Study Quality

Total MERSQI scores among the 210
studies ranged from 5 to 16, with a
mean (SD) of 9.95 (2.34). Mean do-
main scores were highest for data analy-
sis (2.58), type of data (1.91), and sam-
pling (1.90) domains; they were lowest
for validity evidence (0.69) and study
design (1.28) (Table 1).

Two-thirds of studies used single-
group cross-sectional or single-group
posttest-only designs (Table 1). Less than
one fifth (17.7%) of studies included a
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Table 2. Interrater and Intrarater Reliability of MERSQI Scores

Intraclass Correlation Coefficient (95% CI)

T
Interrater Reliability2

|
Intrarater Reliability?

MERSQI Item
Study design 0.86 (0.83-0.89) 0.998 (0.996-0.999)
Institutions 0.98 (0.97-0.99) 1.00
Response rate 0.89 (0.87-0.91) 0.996 (0.994-0.997)
)

Type of data 0.90 (0.88-0.92 0.995 (0.992-0.997)
Validity
Internal structure 0.91 (0.89-0.93) 0.97 (0.96-0.98)
Content 0.89 (0.87-0.92) 0.95 (0.94-0.96)
Relationships to variables 0.72 (0.65-0.78) 0.96 (0.94-0.97)
Appropriateness of analysis 0.94 (0.93-0.95) 0.92 (0.89-0.95)
Sophistication of analysis 0.86 (0.83-0.89) 0.97 (0.96-0.98)
Outcome 0.83(0.79-0.86) 0.78 (0.70-0.85)

Abbreviations: Cl, confidence interval; MERSQI, medical education research study quality instrument.
2(Calculated from 170 studies after 40 studies with “not applicable” ratings for 1 or more items were removed.

P Calculated from 210 studies.

comparison group and 2.9% were ran-
domized. Approximately one-third of
studies were multi-institutional and
45.7% included objective data. Few stud-
ies measured a behavioral (29.5%) or
health care (2.4%) outcome.

An example of a study that received a
very high total MERSQI score (15.5) is
arandomized controlled trial of a “resi-
dents-as-teachers curriculum” that as-
sessed residents’ teaching skills by using
an objective structured teaching exami-
nation with high reliability, content va-
lidity, and predictive validity.” This study
received the highest possible scores for
study design (randomized controlled ex-
periment), response rate (all partici-
pants completed the evaluation compo-
nent of the study), type of data (objective
observation-based assessment by trained
and blinded raters), validity of evalua-
tion instruments (internal structure, con-
tent, and relationships to other vari-
ables all established), and data analysis
(comparative analyses appropriately con-
ducted). However, this study was con-
ducted at a single university and the out-
come was skills (residents’ teaching
skills); therefore, it did not receive maxi-
mum possible scores for “institutions”
and “outcome” items. In contrast, many
of the studies that received the lowest
MERSQI scores were cross-sectional
studies with low response rates, mea-
suring opinions or perceptions and lack-
ing validity evidence for evaluation in-
struments.
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Principal Components Analysis and
Reliability. Principal components analy-
sis revealed 5 factors with eigenvalues
greater than 1. This 5-factor model ac-
counted for 71% of the total variance
among the variables. The first factor, de-
scribing “validity evidence,” was com-
posed of internal structure, content, and
relations to other variables items (Cron-
bach a=0.92). The second factor, repre-
senting “method and data characteris-
tics,” included 4 items: study design, type
of data, complexity of data analysis, and
outcomes (Cronbach a=0.57). Factor 3
included “institutions” and “appropri-
ateness of data analysis.” Factor 4 con-
tained a single item, “response rate.” Fac-
tor 5 was considered insignificant
because it contained only 2 items (insti-
tutions and outcomes) that loaded more
heavily on other factors. Cronbach o for
the overall MERSQI (all 10 items) was
0.6.

Interrater reliability (ICC range, 0.72-
0.98) and intrarater reliability (ICC
range, 0.78-0.998) for all MERSQI items
was excellent (TABLE 2).

Criterion Validity. Total MERSQI
scores were highly correlated with the
median quality rating of the 2 inde-
pendent experts (p=0.73; 95% confi-
dence interval [CI], 0.56-0.84;
P<.001). Agreement between the 2
experts was excellent (ICC, 0.80; 95%
CI, 0.49-0.85). MERSQI scores were
also significantly associated with

3-year citation rate (0.8 increase in
score per 10 citations; 95% CI, 0.03-
1.30; P=.003) and journal impact fac-
tor (1.0 increase in score per 6-unit
increase in impact factor; 95% CI,
0.34-1.56; P=.003).

Associations Among Study Quality,
Funding, and Author Experience

Of the 210 studies, 149 (71%) did not
have any funding, 30 (14%) had be-
tween $1 and $19 999, and 31 (15%) had
$20 000 or more. Among funded stud-
ies, the median amount of funding ob-
tained was $20 000 (interquartile range
[IQR], $5000-$100 000). The median
cost of studies was $23 179 (IQR, $9892-
$50308). First authors had a mean (SD)
of 23.5 (29.0) previous publications
overall and 8.2 (13.9) previous medi-
cal education publications. Thirty-
three (15.7%) first authors were stu-
dents, residents, or fellows, 14 (6.7%)
were instructors, 67 (31.9%) were as-
sistant professors, 56 (26.7%) were as-
sociate professors, 28 (13.3%) were pro-
fessors, and 12 (5.7%) were not in
academics or reported that academic
rank was “not applicable.” Ninety-two
(43.8%) authors had completed fellow-
ship training, and 61 (29%) authors had
more than 1 advanced degree.

In bivariate analysis, attainment of
$20000 or more in funding was sig-
nificantly associated with an increase
in total MERSQI score of 1.29 (95% (I,
0.40-2.17; P=.005). Studies with higher
costs also received higher quality scores
(0.36 increase in score per $100 000;
95% CI,0.10-0.62; P=.007) (TABLE 3).

The level of experience of the first au-
thor was also associated with study
quality. Higher MERSQI scores were
found in studies conducted by first au-
thors with higher numbers of overall
previous peer-reviewed publications
(0.38 increase in score per 20 publica-
tions; 95% CI, 0.01-0.75; P=.048) and
higher numbers of previous peer-
reviewed medical education publica-
tions (1.46 increase in score per 20 pub-
lications; 95% CI, 0.43-2.50; P=.006).
There was no association between
MERSQI score and the first author’s fel-
lowship training, possession of more

©2007 American Medical Association. All rights reserved.
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Table 3. Association of Funding and Author Publication Record With Total MERSQI Scores (n = 210)

Bivariate Analysis

T 1
Coefficient (95% CI)2 P Value

Multivariate Analysis

T 1
Coefficient (95% CI)2 P Value

Variable
Study funding =$20 000 1.29 (0.40t0 2.17) .005 0.95 (0.22 to 1.86) .045
Study cost, per $100000P 0.36 (0.10t0 0.62) .007 0.20 (-0.08 to 0.47) 15
Total previous peer-reviewed publications 0.38 (0.01 10 0.75) .048 0.19 (-0.21 to 0.58) .34
by first author, per 20
Medical education previous peer-reviewed 1.46 (0.43 to 2.50) .006 1.07 (0.15 to0 2.23) .047
publications by first author, per 20
Academic rank of first author® 0.05 (-0.22 t0 0.31) 74
Fellowship training of first author -0.27 (-0.92 t0 0.37) .39
More than 1 advanced degree for first author 0.31 (-0.40to 1.02) .38

Abbreviations: Cl, confidence interval; MERSQI, medical education research study quality instrument.
2Estimated effect of predictor variable on total MERSQI score.
Study cost was calculated by multiplying the authors’ percentage of effort dedicated to the study by the national median salary for each author, according to specialty and aca-

demic rank, and then adding the costs of resources used.

CStudent, resident, or fellow; instructor; assistant professor; associate professor; or professor. Each academic rank category has a value of 1. Calculated for 198 first authors after

excluding 12 “not applicable” responses.

than 1 advanced academic degree (eg,
MD and PhD), or academic rank
(Table 3).

Variables significantly associated with
MERSQI scores in bivariate analysis at
P <.10 were included in the multivari-
ate model (Table 3). After multivariate
adjustment, attainment of $20 000 or
more in funding was independently as-
sociated with an increase of 0.95 in
MERSQI score (95% CI, 0.22-1.86;
P=.045). In a preplanned subgroup
analysis of the 31 studies that received
$20000 or more, every additional
$20 000 in obtained funding beyond the
initial $20 000 was associated with an in-
crease in the MERSQI score of 0.12 (95%
CI, 0.06-0.18; P<.001) independent of
all covariates in the multivariate model.
The number of previous peer-reviewed
medical education publications by the
first author was also independently as-
sociated with total MERSQI scores (1.07
increase per 20 publications; 95% CI,
0.15-2.23; P=.047).

Eighteen of 31 studies (58.1%) with
atleast $20 000 in funding were multi-
institutional compared with 57 of 179
studies (31.8%) with less than $20 000
in funding (difference, 26.3%; 95% ClI,
7.6%-45.0%; P=.005, x* test; odds ra-
tio, 2.96;95% CI, 1.36-6.46). Seven of
18 studies (38.9%) with at least
$100000 in funding used a 2-group
controlled or a randomized controlled
design compared with 30 (15.6%) of
192 studies with less than $100 000 in

©2007 American Medical Association. All rights reserved.

funding (difference, 23.3%; 95% CI,
0.2%-46.4%; P=.01, x* test; odds ra-
tio, 3.43;95% CI, 1.23-9.57). No asso-
ciations were found between amount
of funding and the other MERSQI items.

COMMENT

Inadequate funding for medical edu-
cation research is often cited as a rea-
son for methodological shortcomings
in published studies, yet to our knowl-
edge the association between funding
and education research quality has not
been previously established. Our re-
sults show a significant association be-
tween funding and study quality (as
measured by the MERSQI), providing
evidence to support the call to in-
crease funding for medical education
research.

In a recent report on the advance-
ment of scientific research in educa-
tion, the National Academy of Sci-
ences recommended that to promote
research quality, education journals and
federal funding agencies should iden-
tify reliable and valid metrics for scor-
ing the quality of medical education re-
search.” The MERSQI is an example of
such a metric. Strong evidence for
MERSQI score validity includes con-
tent evidence based on expert consen-
sus and authoritative literature sup-
porting instrument items; internal
structure evidence based on multiple,
interpretable factors and excellent in-
terrater and intrarater reliability; and

criterion validity evidence demon-
strated by significant associations be-
tween MERSQI scores and quality rat-
ings by independent experts, citation
rate, and journal impact factor. The
MERSQI may be a useful tool for as-
sessing the quality of the medical edu-
cation literature and may be a guide for
investigators who wish to conduct high-
quality medical education research.

The overall quality of studies in this
sample was modest. Studies scored
highest in the data analysis domain,
likely because major analytic flaws are
corrected by reviewers before publica-
tion or studies with fatal flaws are re-
jected.” MERSQI scores were lowest in
the validity domain, which is consis-
tent with previous observations that
studies infrequently explore validity?®
and many categories of validity evi-
dence are underreported in medical
education studies.” Few studies in this
sample measured patient or health care
outcomes, highlighting the need to ad-
vance outcomes research in medical
education.'*"

Our results suggest that attainment of
$20 000 or more in funding is associ-
ated with higher-quality medical edu-
cation research. In the absence of pre-
vious studies examining associations
between funding and study quality in
medical education, it is difficult to in-
terpret this finding in the context of pre-
vious work. However, there are com-
parators in clinical research. Several
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studies have shown an association be-
tween attainment of funding and the
methodological quality of randomized
clinical trials,**" whereas other stud-
ies evaluating clinical trials*® and other
study designs*° have found no asso-
ciation. Lee et al”® found that clinical re-
search studies disclosing a funding
source achieved higher quality scores,
but this association was not statisti-
cally significant, possibly because pub-
lished disclosures of funding are incom-
plete.®>! Surveying authors, as was done
in this study, may be an alternative to
obtain more accurate funding data. One
systematic review concluded that the
methodological quality of industry-
funded studies was superior to that of
studies funded by other sources,’* but
this review did not examine compari-
sons with unfunded studies.

Studies with greater amounts of fund-
ing support were more likely to be
multi-institutional and use controlled
designs. These findings are important,
given that medical education research
is frequently criticized for lack of gen-
eralizability and rigor.'*> Experts have
responded by encouraging the devel-
opment of multi-institutional re-
search networks®*>* and greater use of
stronger study designs.** Although edu-
cators continue to debate the role of
controlled trials in medical education
research, particularly randomized con-
trolled trials,”**> use of an appropriate
control group and random assign-
ment may allow for causal inferences
when trials are rigorously conducted in
the proper context.”®

Although we found a significant
association between study funding
and quality, the causal direction of the
findings cannot be determined from
these data. Although we theorize that
funding allows researchers to conduct
more rigorous studies, it is conceiv-
able that the process of applying for
funding, rather than the funding
itself, is responsible for the observed
associations. Studies examining the
effect of grant application processes
on research quality in medical educa-
tion may further our understanding of
this relationship.
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This analysis was limited to quanti-
tative original medical education re-
search. Qualitative studies, which com-
prised 13% of the initial sample, were
excluded because fundamental differ-
ences in study design, sampling, and
analysis precluded comparison using
the MERSQI. However, this exclusion
does not imply a devaluation of quali-
tative methods. On the contrary, quali-
tative methods are vital to the advance-
ment of medical education research and
for certain research endeavors may be
more appropriate than quantitative
methods.”” Future studies using quali-
tative, quantitative, and mixed ap-
proaches are needed to enhance our un-
derstanding of relationships between
funding and quality in medical educa-
tion research.

This study has several limitations.
First, although MERSQI items are based
on published evidence, the definitions
and cut points for some items, such as
response rate, were based on expert con-
sensus only. Second, although the
MERSQI is intended to reflect method-
ological quality rather than quality of
reporting, the evaluation of quality was
performed with published reports. Limi-
tations in reporting of medical educa-
tion research?® and length restrictions
imposed by journals may have affected
the scores. Third, although the study rat-
ers were blinded to funding data and
expertassessments, they were not blinded
to study authors and journals. Fourth,
the MERSQI does not encompass all
aspects of study quality. In particular, the
quality of the conceptual framework>
and the importance of the research ques-
tion?® were not included, because the
quality of these elements is subjective (ie,
influenced by individual perceptions and
preferences), variable over time, and
dependent on authors’abilities to describe
them in articles, potentially reflecting
writing ability rather than research qual-
ity. Similarly, we did not evaluate the
extent to which the studies influenced
medical education theory or practice.
Given recent discussions surrounding
what constitutes meaningful research,®!
this may merit further study. Fifth, jour-
nal impact factors and study citation rates

are imperfect proxies for study qual-
ity.2% We attempted to decrease poten-
tial citation rate inflation by excluding
self-citations. Finally, data on funding,
study costs, and author experience relied
on self-report by first authors.

These limitations notwithstanding, we
have described a reliable and valid means
for assessing the quality of evidence in
medical education. The MERSQI may be
auseful tool for educators, reviewers, and
journal editors to assess the quality of
medical education research. In addi-
tion, we have demonstrated an associa-
tion between the amount of funding ob-
tained for medical education research
and the methodological quality of the
corresponding studies.

This study supports the need for
greater funding for medical education
research. The Institute of Medicine has
recommended that Congress create a
fund to provide grants for educational
innovations.”® Others have suggested
developing a national center to sup-
port education research® and collabo-
rative networks for sharing of re-
sources and expertise.” These visions
have not been realized. Policy reform
that increases funding support may pro-
mote high-quality medical education re-
search.
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