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Abstract 

Background:  Most work on the validity of clinical assessments for measuring learner performance in graduate 
medical education has occurred at the residency level. Minimal research exists on the validity of clinical assessments 
for measuring learner performance in advanced subspecialties. We sought to determine validity characteristics of car-
diology fellows’ assessment scores during subspecialty training, which represents the largest subspecialty of internal 
medicine. Validity evidence included item content, internal consistency reliability, and associations between faculty-
of-fellow clinical assessments and other pertinent variables.

Methods:  This was a retrospective validation study exploring the domains of content, internal structure, and rela-
tions to other variables validity evidence for scores on faculty-of-fellow clinical assessments that include the 10-item 
Mayo Cardiology Fellows Assessment (MCFA-10). Participants included 7 cardiology fellowship classes. The MCFA-10 
item content included questions previously validated in the assessment of internal medicine residents. Internal struc-
ture evidence was assessed through Cronbach’s α. The outcome for relations to other variables evidence was overall 
mean of faculty-of-fellow assessment score (scale 1–5). Independent variables included common measures of fellow 
performance.

Findings:  Participants included 65 cardiology fellows. The overall mean ± standard deviation faculty-of-fellow 
assessment score was 4.07 ± 0.18. Content evidence for the MCFA-10 scores was based on published literature and 
core competencies. Cronbach’s α was 0.98, suggesting high internal consistency reliability and offering evidence 
for internal structure validity. In multivariable analysis to provide relations to other variables evidence, mean assess-
ment scores were independently associated with in-training examination scores (beta = 0.088 per 10-point increase; 
p = 0.05) and receiving a departmental or institutional award (beta = 0.152; p = 0.001). Assessment scores were not 
associated with educational conference attendance, compliance with completion of required evaluations, faculty 
appointment upon completion of training, or performance on the board certification exam. R2 for the multivariable 
model was 0.25.

Conclusions:  These findings provide sound validity evidence establishing item content, internal consistency reli-
ability, and associations with other variables for faculty-of-fellow clinical assessment scores that include MCFA-10 
items during cardiology fellowship. Relations to other variables evidence included associations of assessment scores 
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Introduction
Cardiovascular diseases (CV) is the largest subspecialty 
of IM, with 2978 fellows enrolled in general cardiology 
fellowships during the 2019–2020 academic year [1]. 
Trainees in CV fellowships must acquire unique tech-
nical, cognitive, and procedural skills distinct among 
medical subspecialties [2, 3]. The validity of clinical 
assessments previously established for learners in general 
internal medicine may not apply to subspecialty fellow-
ships, particularly CV fellows. Therefore, the validity of 
cardiology fellows’ assessments during fellowship train-
ing carries importance for both the CV and broader sub-
specialty medical education communities.

Establishing the validity of instrument scores is neces-
sary for meaningful assessments [4–6]. An assessment is 
considered valid when the outputs or scores justify the 
given score interpretation [7]. Validity evidence originates 
from 5 sources: content, response process, internal struc-
ture, relations with other variables, and consequences [4, 
5, 8]. The necessary contribution or weight of these evi-
dence sources varies, depending on the instrument’s pur-
pose and the stakes of the assessment.

Prior studies have examined validity evidence for 
assessments of internal medicine (IM) residents. For 
example, a multisource observational assessment of 
professionalism was associated with residents’ clinical 
performance, professional behaviors, and medical knowl-
edge [9, 10]. Direct clinical observations of IM residents 
have been established as a valid measure of clinical skills 
[11]. However, research has demonstrated factor instabil-
ity of the same teaching assessment when applied to gen-
eral internists versus cardiologists, suggesting that one 
assessment method may vary across different educational 
environments and medical specialties [12]. Further-
more, very limited research exists on learner assessments 
among CV fellows [13–15].

In this validity study, we sought to investigate content, 
internal structure, and relations to other variables evi-
dence for an assessment of CV fellows’ performance at 
the Mayo Clinic. The relations to other variables evidence 
examined associations between CV fellows’ assessment 
scores and key educational outcomes during cardiology 
fellowship training including in-training examination 
(ITE) scores, conference attendance, evaluation comple-
tion, cardiology certification examination failure, receiv-
ing an award, and faculty appointment upon completion 

of training. This study builds upon prior work from our 
group examining the association of application variables 
with subsequent clinical performance during cardiology 
fellowship training [15].

Methods
Setting and participants
This was a retrospective cohort study of 7 classes of cardi-
ology fellows at the Mayo Clinic in Rochester, Minnesota 
beginning 2 years of core clinical training from July, 2007 
to July, 2013 and thus completing clinical training from 
June, 2009 to June, 2015 [15]. During the study period, all 
fellows completed 2 years of required core clinical rota-
tions followed by research and/or subspecialty training. 
All fellows entering the core clinical training program 
during this study period were eligible.

Instrument development and validation
Validity evidence for this study was based on Messick 
and the current Standards for Educational and Psycho-
logical Testing which state that all validity pertains to 
the construct of interest and that evidence to support 
the construct comes from the following sources: content, 
internal structure, response process, relations to other 
variables (i.e., criterion), and consequences [4, 16]. This 
study utilized the Mayo Cardiology Fellows’ Assessment 
(MCFA-10) with 10 common items from faculty-of-fel-
low end-of-rotation assessment forms that were struc-
tured on a 5-point scale (1, lowest; 3, average; 5, highest 
i.e. “Top 10%”). Table 1 provides descriptions and sources 
of content evidence for each item in the MCFA-10. The 
content of these items reflected previously validated 
questions to assess IM residents at the Mayo Clinic. They 
demonstrated evidence of content, internal structure 
based on factor analysis and internal consistency reli-
ability, and relations to other variables including perfor-
mance on standardized tests and markers of professional 
behaviors [9, 10, 17–19]. These items also corresponded 
to questions used to assess the performance of cardiology 
fellows in our previous work [15]. Items comprising the 
MCFA-10 have been utilized at Mayo Clinic for forma-
tive reasons to provide feedback to residents and fellows 
to improve their performance and for summative pur-
poses to assist with ranking and award decisions.

with performance on the in-training examination and receipt of competitive awards. These data support the utility 
of the MCFA-10 as a measure of performance during cardiology training and could serve as the foundation for future 
research on the assessment of subspecialty learners.

Keywords:  Assessment, Cardiology fellowship, Evaluation, Training, Validity evidence
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Relations to other variables evidence
Table  2 outlines independent variables used for rela-
tions to other variables evidence. In-training examina-
tion (ITE) scores were identified as the mean percent 
correct on the cardiology ITE taken annually during the 
first 3 years of fellowship [23]. Conference attendance 
was the number of departmental educational conferences 
attended during the 2 years of core clinical training. Fel-
lows with satisfactory evaluation compliance completed 
≥90% of their assigned rotation and faculty evaluations 
during their core clinical training. Board examination 
performance was classified as pass or fail on the Ameri-
can Board of Internal Medicine’s initial Cardiovascu-
lar Disease Certification Exam. Fellows receiving a staff 
appointment were those who joined the Mayo Clinic fac-
ulty upon completion of training. Receiving an award was 
defined as attaining ≥1 divisional, departmental, or insti-
tutional award during fellowship training.

To develop relations to other variables evidence, 
faculty-of-fellow end-of-rotation scores including the 
MCFA-10 items were combined across each subject’s 
2 years of core clinical training [15]. Individual items 
from each faculty’s assessment were averaged to obtain 
a total score for that particular assessment form. Scores 
from all assessments that a fellow received were averaged 
into one score on a continuous scale. The specific items 
in each assessment varied slightly over time and across 
rotations. However, the MCFA-10 items (Table 1) formed 
the foundation of the instrument under consideration.

Data collection
This study received an exemption from the Mayo Clinic 
Institutional Review Board. All data were de-identified 
prior to analysis and were treated as confidential, in 
accordance with our standard approach to educational 
data. Data for this study pertained only to Mayo Clinic 
cardiology fellows and were the property of our cardi-
ology fellowship program. External sources were not 
accessed to collect data for this study.

Statistical analysis
We inspected the distribution of continuous variables 
prior to conducting the primary analysis to determine 

if they should be treated as normally distributed. We 
reported distributions of continuous predictor and out-
come variables as mean ± standard deviation or median 
(interquartile range) as appropriate based on the distri-
bution, and n (%) for categorical or ordinal variables. In 
subjects with missing ITE results, we imputed the median 
ITE score. We examined relationships between predic-
tor and continuous outcome variables using simple and 
multiple linear regression methods. We built the multiple 
regression model based upon the results of the univariate 
regression models. Those variables with p  < 0.1 on uni-
variate regression were candidate variables in the multi-
ple regression model. We then removed variables one at a 
time until all variables had p ≤ 0.05. We reported results 
of linear regression models as beta coefficients with cor-
responding 95% confidence intervals (CI) and presented 
regression R-squared values as a means of comparing 
strength of association of different variables and models. 
Pairwise associations between variables in the multiple 
regression model, including Pearson chi-square tests and 
Spearman correlations, were further evaluated for evi-
dence of co-linearity. To support internal structure valid-
ity evidence, we calculated Cronbach’s α across all raters 
for the MCFA-10 items [4, 24]. The threshold for statisti-
cal significance was set at p ≤ 0.05. Analyses were con-
ducted using SAS version 9.4 (Cary, NC).

Results
Participant characteristics
Of the 67 fellows who entered the 2 years of clinical train-
ing during our study period, 2 were excluded because 
they entered the fellowship through non-traditional 
means and did not have complete application data avail-
able. Therefore, the final study group included 65 fellows.

The median age of the study population at the begin-
ning of clinical training was 30 years, and 41 (63%) were 
male. The fellows in this study trained at 18 different resi-
dency programs. Table 3 outlines the distribution of the 
variables in our study group.

Internal structure evidence
As noted in our prior work, 142 faculty evaluators com-
pleted 4494 fellow assessments containing a total of 

Table 2  Definitions of variables to support relations to other variables evidence

Conference attendance Number of fellowship sanctioned educational conferences attended during 2 years of core clinical training

Evaluation compliance Completion of ≥90% of rotation and faculty evaluations during study period

Board exam performance Pass / fail performance on the initial attempt on the American Board of Internal Medicine’s Cardiovascular 
Disease Certification Exam

Staff appointment Faculty appointment at Mayo Clinic or affiliated sites upon completion of training

Receiving an award Receipt of ≥1 competitive divisional, departmental, or institutional award during fellowship training

In-training examination score Mean percent correct on the cardiology in-training examination
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27,941 individual evaluation items. The internal con-
sistency reliability for the MCFA-10 items was excellent 
(Cronbach’s α = 0.98) [15, 25]. Of the 27,941 individual 
items, on a 1–5 ordinal scale, 23 were 1’s (0.1%), 293 were 
2’s (1.1%), 4009 were 3’s (14.4%), 16,830 were 4’s (60.2%), 
and 6786 were 5’s (24.3%). The mean assessment score 
across all fellows during the first 2 years of clinical train-
ing was 4.07 ± 0.18.

Relations to other variables evidence
Correlation analyses between the independent variables 
in the study demonstrated a positive association between 
ITE scores and conference attendance (Spearman Cor-
relation Coefficient = 0.42; p = 0.006), a strong positive 

association between receiving an award and a Mayo 
Clinic staff appointment (75% of those who received an 
award joined the faculty vs. 18% of those who did not 
receive an award; p < 0.0001), and a weak positive asso-
ciation between evaluation compliance and conference 
attendance (mean attendance 104 conferences in those 
with ≥90% evaluation compliance vs. 88 conferences in 
those with < 90% evaluation compliance; p  = 0.04). No 
other significant associations between independent vari-
ables in this study existed.

Table  4 demonstrates the results of the linear regres-
sion analysis to support relations to other variables evi-
dence. Univariate analysis found that higher ITE scores 
and receiving a divisional, departmental, or institutional 
award were associated with higher aggregate assessment 
scores. Other predictor variables, including educational 
conference attendance, compliance with completion of 
evaluations, board examination performance, and staff 
appointment upon completion of training were not asso-
ciated with aggregate assessment scores. In a multi-varia-
ble model adjusted for ITE score and receiving an award, 
both variables remained significantly associated with 
aggregate assessment scores that included the MCFA-10 
items. Overall R2 for the multivariable model was 0.25.

Discussion
To our knowledge, this is the first validation study 
reporting multiple types of evidence for an instrument 
assessing clinical performance of cardiology fellows. We 
identified excellent internal consistency and strong evi-
dence for relations to other variables, particularly ITE 
scores and receiving an award. We also provide evidence 
for content based on experience with prior instruments 
and published literature. These findings offer important 
implications for the assessment of cardiology fellows. 

Table 3  Distribution of variables to support relations to other 
variables evidence

* Values are presented as mean ± standard deviation or n (%) of the 65 total 
study subjects, unless otherwise indicated
† ITE score was missing in 23 subjects and available in 42 of 65 subjects
‡ Conference attendance data was missing in 1 subject

Variable Value*

Median age (years) 30

Male gender 41 (63)

In-training examination score† 69 ± 7

Conference attendance‡ 97 ± 30

Evaluation compliance ≥90% 34 (52)

Board exam performance

  Pass 62 (95)

  Fail 2 (3.1)

  Not available 1 (1.5)

Staff appointment 23 (35)

Receiving an award 20 (31)

Table 4  Linear regression analyses to support relations to other variables evidence

a β-estimates are reported for the associations between the listed independent variable and each subject’s aggregated faculty-of-fellow end-of-rotation assessment 
scores that included MCFA-10 items
b β-estimates are adjusted for receiving an award, in-training exam score, and missing in-training exam score (n = 23)
c The association between in-training exam score and the primary outcome was examined in the 42 of 65 subjects where in-training exam score was available. For 
the remaining 23 subjects with unavailable ITE results, in-training exam score was imputed as the median score. β-estimates for both the univariate and multivariable 
analyses are reported for a 10-point increase in in-training exam scores
d Conference attendance data was missing in 1 subject

Univariate analysisa Multivariable analysesa

Variable β-estimate (95% CI) p-value β-estimate (95% CI)b p-value

In-training examination scorec 0.083 (0.002–0.164) 0.05 0.088 (0.003–0.153) 0.05

Conference attendanced 0.001 (− 0.001–0.002) 0.25

Evaluation compliance (≥90%) 0.053 (−0.037–0.142) 0.25

Board examination failure −0.237 (− 0.495–0.019) 0.07

Staff appointment 0.034 (−0.060–0.129) 0.48

Receiving an award 0.164 (0.075–0.254) < 0.001 0.152 (0.065–0.237) 0.001
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They also extend our previous work regarding relation-
ships between the cardiology fellowship application and 
clinical performance during subsequent training [15].

Current approaches assert that validity relates to the 
construct of interest and that evidence to support the 
construct comes from five sources: content, internal 
structure, response process, relations to other variables, 
and consequences [4, 5]. A systematic review of valida-
tion studies in the field of medical education revealed 
that most commonly reported sources of validity evi-
dence come from the categories of content, internal 
structure, and relations to variables [26]. In this study, 
content evidence for the MCFA-10 comes from items 
with established validity evidence in other settings. 
Several components of the MCFA-10 directly relate to 
ACGME core competencies [20]. This study is among the 
first to establish content evidence of these items in sub-
specialty medicine fellowships, particularly CV. Our find-
ings also demonstrate internal structure evidence for the 
MCFA-10 based on excellent internal consistency reli-
ability (Cronbach’s α = 0.98).

A major component of validity evidence for MCFA-10 
scores in this study comes from relations to other vari-
ables. We found that ITE scores and receiving an award 
are significantly associated with faculty-of-fellow clini-
cal assessment scores that contain the MCFA-10 items. 
In contrast, we did not identify an association between 
assessment scores and conference attendance, evalua-
tion completion, board certification, or staff appointment 
upon completion of training. These findings infer that 
cardiology faculty may emphasize medical knowledge 
and competitive achievement, which could be reflected in 
their performance assessments of the fellows. Addition-
ally, variables such as conference attendance, evaluation 
completion, and board examination performance may be 
less likely to influence cardiology faculty-of-fellow assess-
ments because these variables are less visible than dis-
plays of medical knowledge and receipt of awards.

The variables used for relations to other variables evi-
dence in this study encompass important dimensions of 
assessment in medical education. ITE scores and board 
certification exam performance reflect standardized 
measures of medical knowledge. Receiving an award and 
staff appointment after finishing training reflect competi-
tive achievement and career advancement, respectively. 
Evaluation completion and conference attendance are 
markers of professionalism. The correlations of assess-
ment scores containing MCFA-10 items with ITE scores 
and receipt of awards suggest that our assessment cap-
tures elements of both medical knowledge and achieve-
ment. Although relationships between assessment scores 
and professionalism-related variables were less robust, 
items in the MCFA-10 have previously demonstrated 

associations with other assessments of professionalism 
[9, 10].

As noted above, prior work has shown factor instability 
of learner-of-faculty clinical teaching assessment scores 
between general medicine and cardiology environments 
[12]. This implies that validated assessments of inter-
nal medicine residents may not hold the same validity 
in cardiology fellows. Importantly, our study found that 
our MCFA-10 items, which have been validated in inter-
nal medicine residents, remain valid for assessing clini-
cal performance in cardiology fellows [9, 10, 17–19]. This 
new association builds on prior literature and provides 
unique relations to other variables evidence. It suggests 
that, while the clinical learning environments between 
general internal medicine and cardiology differ, the 
MCFA-10 items work well to assess internal medicine 
residents and cardiology fellows and retain their valid-
ity across both subspecialties. Future work may examine 
if these MCFA-10 items maintain their validity in other 
institutions and medical specialties.

We performed exploratory analyses examining asso-
ciations between independent variables in our study. We 
found positive correlations between (1) ITE scores and 
conference attendance, (2) receiving an award and staff 
appointment, and (3) evaluation compliance and confer-
ence attendance. The association between ITE scores and 
conference attendance has been documented in other 
settings among IM residents [27]. Previous work has 
demonstrate a strong association between the CV ITE 
scores and performance on the ABIM’s CV initial certi-
fication exam [28]. Our findings further support utility of 
the cardiovascular CV ITE as a marker of medical knowl-
edge acquisition.

The identified correlation between receipt of awards 
and staff appointment likely reflects overall professional 
aptitude, as Mayo Clinic applies similar criteria to faculty 
selection as it does to recognizing recipients of prestig-
ious awards. Finally, the correlation between evaluation 
compliance and conference attendance may indicate 
conscientious behaviors among CV fellows in this study, 
which has been previously documented among IM resi-
dents [10].

Limitations
While this is a single institution study, the Mayo Clinic 
Cardiovascular Diseases Fellowship is one of the larg-
est in the country, making it particularly suited for this 
research from the perspective of sample size and pro-
gram representativeness. Furthermore, the knowledge, 
professionalism, and performance variables in our study 
are widely utilized by other CV training programs. For 
enhanced generalizability, we acknowledge that multi-
institutional studies including diverse cardiology trainees 
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and fellowship programs are necessary to validate our 
findings. Our study enrolled fellows who completed clini-
cal training between June, 2009 and June, 2015 because 
were able to collect complete data on that cohort. Our 
findings remain relevant given the durable nature of the 
MCFA-10 items over time. 95% of fellows in our study 
passed their initial board examination, thus limiting the 
utility of this variable in regression analysis. We still dem-
onstrated an association between ITE score and faculty 
assessment scores, supporting the association between 
MCFA-10 items and medical knowledge. Our study used 
linear regression to perform the relations to other vari-
ables analysis when most scores were 3’s, 4’s, or 5’s on 
a 5-point scale. This is a common practice in education 
research, particularly when data is symmetrically distrib-
uted around an elevated mean, as ours was [29]. Finally, 
although this study did not report response process or 
consequences validity evidence, it did report the most 
commonly sought sources of validity evidence in medical 
education, as previous research documented [26].

Conclusions
We are unaware of previous validity studies on meth-
ods for assessing cardiology fellows. This study supports 
validity of MCFA-10 scores as an effective means of 
assessing clinical performance among cardiology fellows. 
This study should serve as a foundation for the assess-
ment of cardiology fellows and for future investigations 
of the MCFA-10 in cardiology fellowship training.
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