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Introduction

Evidence-based medicine (EBM) integrates the best

research evidence with clinical expertise and patient values

to optimize clinical decision-making and outcomes for

patients.1,2 An important part of clinical training, EBM

has become an essential requirement for certification in

different health professions.3 For residents and fellows,

EBM is part of the practice-based learning and improve-

ment competency requirements of the Accreditation

Council for Graduate Medical Education.2 The teaching of

EBM is more effective if it is moved into clinical practice,4

and many residency programs have begun to incorporate

the teaching of EBM skills into ambulatory rounds,5

short courses,6,7 block rotations,8 and integrated

curricula.4,5 Residency programs have moved beyond

developing focused EBM goals and objectives and are

interested in tools to evaluate and document proficiency

in EBM.

At the same time, assessing EBM skills remains a

challenge.6 Despite the existence of many assessment tools,

most of them focus on narrow aspects, such as measure-

ment of EBM knowledge,7 or basic EBM skills, such as

literature searches.6,8 Existing tools do not provide

immediate feedback on an EBM presentation, can be
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Abstract

Background Competence in evidence-based medicine
(EBM) is an important clinical skill. Pediatrics residents
are expected to acquire competence in EBM during their
education, yet few validated tools exist to assess
residents’ EBM skills.

Objective We sought to develop a reliable tool to
evaluate residents’ EBM skills in the critical appraisal of a
research article, the development of a written EBM
critically appraised topic (CAT) synopsis, and a
presentation of the findings to colleagues.

Methods Instrument development used a modified
Delphi technique. We defined the skills to be assessed
while reviewing (1) a written CAT synopsis and (2) a
resident’s EBM presentation. We defined skill levels for
each item using the Dreyfus and Dreyfus model of skill
development and created behavioral anchors using a
frame-of-reference training technique to describe
performance for each skill level. We evaluated the

assessment instrument’s psychometric properties,
including internal consistency and interrater reliability.

Results The EBM Critically Appraised Topic Presentation
Evaluation Tool (EBM C-PET) is composed of 14 items that
assess residents’ EBM and global presentation skills.
Resident presentations (N 5 27) and the corresponding
written CAT synopses were evaluated using the EBM
C-PET. The EBM C-PET had excellent internal consistency
(Cronbach a 5 0.94). Intraclass correlation coefficients
were used to assess interrater reliability. Intraclass
correlation coefficients for individual items ranged from
0.31 to 0.74; the average intraclass correlation
coefficients for the 14 items was 0.67.

Conclusions We identified essential components of an
assessment tool for an EBM CAT synopsis and
presentation with excellent internal consistency and a
good level of interrater reliability across 3 different
institutions. The EBM C-PET is a reliable tool to document
resident competence in higher-level EBM skills.
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time-consuming to complete, may not help programs assess

learners across the broad spectrum of venues where EBM is

taught,6,8–11 and may lack evidence about reliability and

validity.3 The 2011 Sicily Statement on evidence-based

practice suggested that multiple assessments of learner’s

higher-level skills (eg, the completeness and relevance of a

learner’s clinical question, not just whether the question is

structured) are needed, using different evaluation tools to

facilitate an assessment of learners’ skills in using EBM.3

Therefore, additional tools to assess the EBM skills of

different levels of learners during their EBM presentations

are needed.6,8

An EBM-learning activity to appraise a research article

and create a synopsis of the findings is called a critically

appraised topic (CAT). Learners can also present their

findings verbally in a journal club format. Faculty can

assess trainee skills in critical appraisal, information

synthesis, synopsis creation, and oral presentation using a

combination of the written CAT and verbal presentation.

We reviewed the literature and found there was no

validated tool for assessing the EBM skills required to

create and present an EBM CAT. Such an instrument

would complement tools that assess knowledge, determine

whether residents are progressing in their development of

higher-level EBM skills, and provide a more global

assessment of learners’ EBM skills.3,7,12,13 Our primary aim

was to develop a reliable tool to evaluate residents’ skills in

critically appraising a research article, developing a written

EBM CAT synopsis, and presenting findings to colleagues.

We called this tool the EBM CAT Presentation Evaluation

Tool (EBM C-PET).

Methods

Setting

Each of the participating academic institutions (St. Christo-

pher’s Hospital for Children, the University of Wisconsin,

and the University of Michigan) had existing EBM curricula

for pediatrics residents, which included the preparation of a

CAT and presenting findings to peers and faculty. Pediatrics

residents completing this project were required to identify a

clinical scenario, ask a clinical question, perform a literature

search, select an article, critically appraise the selected

article, and apply the evidence back to their clinical scenario.

The EBM learning activity included creating and presenting

a CAT synopsis to their peers and faculty members in a small

group setting. The existing EBM curricula at each institution

were not modified. Residents developed their EBM-learning

activities for presentation using a standardized format

originally developed by David Sackett.1

Evaluation Tool Development

Three investigators (the 3 authors), all with expertise in

teaching and evaluating EBM for pediatrics residents,

convened to develop the EBM C-PET tool (F I G U R E). The

investigators are a part of a group of 7 colleagues,

nationally recognized within the pediatrics community for

their contributions to curriculum development in EBM.14,15

The skills under consideration for the EBM C-PET tool

were derived from a comprehensive EBM curriculum

developed by the 7-member working group after a

rigorous, iterative process that included searching the

literature and reviewing existing EBM curricula and

assessment tools. We used a modified Delphi technique to

reach consensus on the optimal areas for inclusion in an

EBM curriculum.16 We identified the items from the

comprehensive EBM curriculum that would be incorpo-

rated into the EBM C-PET, resolving disagreements

through discussion. The final tool underwent further

review by additional experts to ensure adequate

F I G U R E EBM C-PET Development Timeline

Abbreviation: EBM, evidence-based medicine.

What was known

Competence in evidence-based medicine (EBM) is expected of pediatrics
residents, yet few validated tools exist to assess EBM skills.

What is new

The 14-item Evidence-Based Medicine Critically Appraised Topic
Presentation Evaluation Tool (EBM C-PET) assesses residents’ EBM and
global presentation skills.

Limitations

Raters who wish to use this tool would benefit from added frame-of-
reference training.

Bottom line

The EBM C-PET is a validated tool for documenting resident competence
in higher-level EBM skills.
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representation of the items that would be included in the

EBM C-PET tool.

Once the relevant EBM skills were determined, the

investigators sought to categorize resident performance

into 3 categories: below expectation, developing, or

proficient. The 3 assessment categories were initially based

on an existing EBM evaluation at one of the institutions.

Behavioral anchors were created to describe performance in

each of the 3 assessment categories for each of the items

measured. The 3 investigators independently pilot-tested

the tool on 2 sample CAT presentations/synopses, and the

criteria to measure those domains were refined using a

frame-of-reference training technique.17,18 The frame-of-

reference training included evaluating the sample presen-

tations and comparing the 3 investigators’ ratings of the

same presentations.18 This process informed the develop-

ment of the tool and demonstrated that the initial 3

assessment categories were insufficient to reflect the full

range of resident skills and to show meaningful differences

in resident performances. The initial 3 categories were

expanded to 5, using the Dreyfus and Dreyfus model of

skill development. That model was adopted because it is

based on skill acquisition, is familiar to educators, and

could be readily used in the development of EBM

assessment tools.19,20 The 5 terms in the Dreyfus and

Dreyfus model (novice, advanced beginner, competent,

proficient, and expert) were chosen to assess resident

performance with the evaluation tool. For each of the 14

items measured, specific behavioral anchors were created to

describe performance that would fit each of the Dreyfus

and Dreyfus categories. After additional pilot testing, those

behavioral anchors were further refined using an iterative

process. Again, we used frame-of-reference training on our

final EBM C-PET evaluation tool, discussing the 3

investigators’ ratings of the same pilot presentations to help

‘‘calibrate’’ the investigators so they were able to discrim-

inate between different levels of performance.18

Data Collection

Pediatrics residents’ EBM CAT presentations were video-

taped, and written CAT synopses were copied for

distribution to the 3 investigators. Each investigator

independently reviewed and scored each EBM CAT

presentation and its corresponding written CAT synopsis

using the EBM C-PET. Data were stored anonymously in

an Excel (Microsoft Inc, Redmond, WA) database.

Each institution’s Institutional Review Board granted

exemption to the project before the start of data collection.

Statistical Analysis

Cronbach a coefficients21 were calculated to assess internal

consistency using the individual item scores from each

participant, that is, items 1 to 14, for the complete EBM

C-PET tool. A Cronbach a of 0.7 to 0.8 was considered

acceptable, a value from 0.8 to 0.9 was considered good,

and a value greater than 0.9 was considered excellent. The

results of the scoring of the individual EBM presentations

were analyzed with SPSS software (IBM Corporation,

Armank, NY) to determine the interrater reliability of the

EBM C-PET. An intraclass correlation coefficient (ICC)

was used to assess the interrater reliability. An ICC of 0.5

to 0.75 was considered moderate, and an ICC above 0.75

was considered good. A sample size of 30 was selected to

provide a sufficiently narrow confidence interval around

the observed ICC for the overall instrument.

Results

Participants in this study were 32 postgraduate year 2

residents from 3 different residency programs during a

1-year period. The presentation setting was a formal,

30-minute journal club conference at 2 of the institutions

and a 15-minute preclinic conference at the third institu-

tion. Although a similar format for the EBM presentations

and CAT synopses were used at all of the institutions, the

median length of the presentations was 19.1 minutes

(range, 6.2–41.2 minutes), and the length of the CAT

synopses ranged from one-half of a page to 3 pages. Five

EBM presentations and CAT synopses were used to pilot

test the EBM C-PET and were not included in the final

analysis, providing 27 subjects for analysis.

Tool Development

The final EBM C-PET assessment tool included 14 items

(tool provided as online supplemental material). Eight of the

items (57%) focused on EBM: develop a well-built question

from a clinical scenario, understand and use key search

terms, critically appraise the article, apply the critical

appraisal to the clinical scenario, prepare a CAT, place the

current study in context, explain EBM concepts, and provide

an overall assessment of EBM skills. Five items (36%)

emphasized the resident’s teaching ability: organization and

clarity, effective use of teaching tools, synthesis and

integration, presentation conducted at level appropriate for

audience, and an overall assessment of teaching skills. One

global item (7%) assessed the resident’s overall performance.

As an example of item development, the original scale

for the item, ‘‘Places the current study in the context of

other relevant research on the topic,’’ included: (1) Does

not place the current article into the larger context (below

expectation), (2) Makes reference to 1 other source of

evidence on the topic (developing), and (3) Integrates

information from the current study into the larger literature

(proficient). After adaptation to the Dreyfus and Dreyfus

model, the scale included the following 5 items:
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& Novice: Does not place the current article into the

larger context (ie, no background information)

& Advanced beginner: Makes reference to a few other

sources of evidence on the topic but does not critically

analyze their relationship to the current study

& Competent: Makes reference to a few other sources

of evidence on the topic and begins to analyze their

relationship to other studies

& Proficient: Integrates information from the current

study into the larger literature using critical analysis

& Expert: Seamlessly integrates information from the

current study into the larger literature using critical

analysis and communicates how the article affects

practice

Tool Performance

The EBM C-PET had excellent internal consistency, with a

Cronbach a of 0.94 across all 3 raters. When considering

the items on the tool that were used to assess the EBM

presentation, Cronbach a was 0.91, and when considering

the items assessing the CAT, Cronbach a was 0.84.

We used the ICC to assess interrater agreement. The ICC

for each individual item on the assessment tool ranged from

0.31 to 0.74 (T A B L E), and the average ICC for the 14 items

was 0.67. We examined the lowest performing items to see

whether the tool could be modified further, but there was no

clear pattern for excluding specific items. Thus, we main-

tained the original 14 items on the final EBM C-PET tool.

Discussion

The EBM C-PET, a novel tool for assessing higher-order

EBM skills in residents, demonstrates good reliability and

interrater agreement across 3 different residency programs.

Our EBM C-PET tool was designed to be flexible and can

be used in different clinical settings (clinic, inpatient,

journal club, etc) within residency programs where EBM

presentations may occur. The tool includes items that assess

both the written CAT and the oral presentation. It is also

easy to use while watching the presentation and reviewing

the CAT. Perhaps most important, the tool uses behavioral

anchors for each of the different assessment levels. These

anchors facilitate faculty training with this tool and can be

used to provide more specific feedback to the learner.22

It has been well documented that additional tools are

needed to teach and assess EBM skills in clinical

practice.3,4,6 This tool assesses EBM skills in 4 areas

identified in the Classification Rubric for Evidence-Based

Practice Assessment Tools in Education (CREATE) frame-

work in the latest Sicily statement on evidence-based

practice3: ask, appraise, assess, and apply. Although not

assessed in this study, the use of the Dreyfus and Dreyfus

model as the assessment framework can facilitate its use

T A B L E Agreement Among 3 Raters Across Sites

Items ICC Score (95% CI)

Develop a well-built (PICO) question from a clinical scenario 0.51 (0.28–0.71)

Understand key search terms and use them to identify relevant literature 0.63 (0.43–0.79)

Critically appraise an article in the style outlined in EBM text 0.51 (0.28–0.71)

Apply critical appraisal to clinical scenario 0.61 (0.40–0.78)

CAT alone addresses all salient points of the article 0.31 (0.09–0.55)

Places the current study in the context of other relevant research on the topic 0.74 (0.57–0.86)

Organization and clarity of presentation 0.42 (0.18–0.64)

Effective use of teaching tools (eg, PowerPoint, handout) 0.35 (0.11–0.59)

Synthesized and integrated relevant information 0.52 (0.29–0.72)

Presentation conducted at level appropriate for audience 0.50 (0.27–0.70)

Explanation of EBM concepts 0.63 (0.42–0.79)

Overall teaching skills, as demonstrated through this exercise 0.34 (0.11–0.58)

Overall EBM skills, as demonstrated through this exercise 0.49 (0.26–0.70)

Overall assessment 0.48 (0.26–0.69)

Overall score (all 14 items) 0.67 (0.48–0.82)

Abbreviations: 95% CI, 95% confidence interval; CAT, critically appraised topic; EBM, evidence-based medicine; PICO, Patient, population, or problem—
Intervention, exposure, or prognostic factor—Comparisons—Outcomes.
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with other levels of learners (medical students, subspecialty

fellows, etc) because it spans a novice-to-expert continuum.

We have documented excellent internal consistency for

this tool and a good level of interrater reliability across 3

different institutions. The multi-institutional nature of this

study adds to the generalizability of our findings. These

strengths also form a foundation to begin to assess content

validity, which involves an evaluation of the ‘‘relationship

between a test’s content and the construct it is intended to

measure.’’23 Along that line, we developed and selected

items for the EBM C-PET based on a literature review and

expert consensus of established EBM curricula. This

process involved a modified Delphi technique and external

review of the items before pilot testing. The use of frame-

of-reference training allowed us to clarify the wording of

individual items. Further implementation of the EBM C-

PET by other educators would allow for further validation

of the tool.

Our study has several limitations. First, the tool was

validated in 3 settings and would benefit from further

validation in other settings, particularly in settings with

learners with varying levels of EBM skills to assess the

sensitivity and specificity of the tool. Second, there was

some variability in the intraclass correlation coefficients for

the items on this tool. Although our primary interest was

making those items practical and concise, we believe that

more detail could have helped raters with scoring decisions

and improved the ICC. Although a high level of correlation

is always better, given that the EBM C-PET is a formative

assessment, it should be combined with other assessment

tools to evaluate competency in EBM. The variation in ICC

also highlights the need for further frame-of-reference

training for raters who may wish to use this instrument.

Conclusion

Being able to reliably assess the EBM skills of residents will

help educators ensure that their trainees are meeting the

goals outlined in their EBM curricula and promote lifelong

learning. It will allow programs to demonstrate that their

residents are meeting an essential subcompetency of the

practice-based learning and improvement domain. Perhaps

more important, it can also serve as a key step in fostering

the use of EBM to improve the care of patients. The EBM

C-PET is reliable and provides an important assessment

tool for measuring and documenting residents’ critical

appraisal skills and proficiency in EBM.
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