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BACKGROUND AND AIM: Knowledge of core medical procedures is required by the American Board of Internal Medicine

(ABIM) for certification. Efforts to improve the training of residents in these procedures have been limited by the absence of

a validated tool for the assessment of knowledge. In this study we aimed to develop a standardized test of procedural

knowledge in 3 medical procedures associated with potentially serious complications.

METHODS: Placement of an arterial line, central venous catheter, and thoracentesis were selected for test development.

Learning objectives and multiple-choice questions were constructed for each topic. Content evidence was evaluated by

critical care subspecialists. Item test characteristics were evaluated by administering the test to students, residents and

specialty clinicians. Reliability of the 32-item instrument was established through its administration to 192 medical residents

in 4 hospitals.

RESULTS: Reliability of the instrument as measured by Cronbach’s a was 0.79 and its test-retest reliability was 0.82. Median

score was 53% on a test comprising elements deemed important by critical care subspecialists. Increasing number of

procedures attempted, higher self-reported confidence, and increasing seniority were predictors of overall test scores.

Procedural confidence correlated significantly with increasing seniority and experience. Residents performed few procedures.

CONCLUSIONS: We have successfully developed a standardized instrument to assess residents’ cognitive competency for 3

common procedures. Residents’ overall knowledge about procedures is poor. Experiential learning is the dominant source for

knowledge improvement, but these experiences are increasingly rare. Journal of Hospital Medicine 2009;4:430–432. VC 2009

Society of Hospital Medicine.
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Medical procedures, an essential and highly valued part of

medical education, are often undertaught and inconsistently

evaluated. Hospitalists play an increasingly important role

in developing the skills of resident-learners. Alumni rate

procedure skills as some of the most important skills

learned during residency training,1,2 but frequently identify

training in procedural skills as having been insufficient.3,4

For certification in internal medicine, the American Board

of Internal Medicine (ABIM) has identified a limited set of

procedures in which it expects all candidates to be cogni-

tively competent with regard to their knowledge of these

procedures. Although active participation in procedures is

recommended for certification in internal medicine, the

demonstration of procedural proficiency is not required.5

Resident competence in performing procedures remains

highly variable and procedural complications can be a source

of morbidity and mortality.2,6,7 A validated tool for the assess-

ment of procedure related knowledge is currently lacking. In

existing standardized tests, including the in-training examina-

tion (ITE) and ABIM certification examination, only a fraction

of questions pertain to medical procedures. The necessity for

a specifically designed, standardized instrument that can

objectively measure procedure related knowledge has been

highlighted by studies that have demonstrated that there is lit-

tle correlation between the rate of procedure-related compli-

cations and ABIM/ITE scores.8 A validated tool to assess the

knowledge of residents in selected medical procedures could

serve to assess the readiness of residents to begin supervised

practice and form part of a proficiency assessment.

In this study we aimed to develop a valid and reliable

test of procedural knowledge in 3 procedures associated

with potentially serious complications.

Methods
Placement of an arterial line, central venous catheter

and thoracentesis were selected as the focus for test devel-

opment. Using the National Board of Medical Examiners

question development guidelines, multiple-choice questions

were developed to test residents on specific points of a pre-

pared curriculum. Questions were designed to test the
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essential cognitive aspects of medical procedures, including

indications, contraindications, and the management of

complications, with an emphasis on the elements that were

considered by a panel of experts to be frequently misunder-

stood. Questions were written by faculty trained in question

writing (G.M.) and assessed for clarity by other members

of faculty. Content evidence of the 36-item examination

(12 questions per procedure) was established by a panel of

4 critical care specialists with expertise in medical educa-

tion. The study was approved by the Institutional Review

Board at all sites.

Item performance characteristics were evaluated by

administering the test online to a series of 30 trainees and

specialty clinicians. Postadministration interviews with the

critical care experts were performed to determine whether

test questions were clear and appropriate for residents.

Following initial testing, 4 test items with the lowest dis-

crimination according to a point-biserial correlation (Integ-

rity; Castle Rock Research, Canada) were deleted from the

test. The resulting 32-item test contained items of varying

difficulty to allow for effective discrimination between

examinees (Appendix 1).

The test was then administered to residents beginning

rotations in either the medical intensive care unit or in the

coronary care unit at 4 medical centers in Massachusetts

(Brigham and Women’s Hospital; Massachusetts General

Hospital; Faulkner Hospital; and North Shore Medical Cen-

ter). In addition to completing the on-line, self-administered

examination, participants provided baseline data including

year of residency training, anticipated career path, and the

number of prior procedures performed. On a 5-point Likert

scale participants estimated their self-perceived confidence

at performing the procedure (with and without supervision)

and supervising each of the procedures. Residents were

invited to complete a second test before the end of their

rotation (2-4 weeks after the initial test) in order to assess

test-retest reliability. Answers were made available only after

the conclusion of the study.

Reliability of the 32-item instrument was measured by

Cronbach’s a analysis; a value of 0.6 is considered adequate

and values of 0.7 or higher indicate good reliability. Pear-

son’s correlation (Pearson’s r) was used to compute test-

retest reliability. Univariate analyses were used to assess the

association of the demographic variables with the test

scores. Comparison of test scores between groups was made

using a t test/Wilcoxon rank sum (2 groups) and analysis of

variance (ANOVA)/Kruskal-Wallis (3 or more groups). The

associations of number of prior procedures attempted and

self-reported confidence with test scores was explored using

Spearman’s correlation. Inferences were made at the 0.05

level of significance, using 2-tailed tests. Statistical analyses

were performed using SPSS 15.0 (SPSS, Inc., Chicago, IL).

Results
Of the 192 internal medicine residents who consented to

participate in the study between February and June 2006,

188 completed the initial and repeat test. Subject character-

istics are detailed in Table 1.

Reliability of the 32-item instrument measured by Cron-

bach’s a was 0.79 and its test-retest reliability was 0.82. The

items difficulty mean was 0.52 with a corrected point bise-

rial correlation mean of 0.26. The test was of high difficulty,

with a mean overall score of 50% (median 53%, interquartile

range 44-59%). Baseline scores differed significantly by

residency program (P ¼ 0.03). Residents with anticipated

careers in critical care had significantly higher scores than

those with anticipated careers in primary care (median

scores critical care 56%, primary care and other nonproce-

dural medical subspecialties 50%, P ¼ 0.01).

Residents in their final year reported performing a

median of 13 arterial lines, 14 central venous lines, and

3 thoracenteses over the course of their residency training

(Table 2). Increase in the number of performed procedures

(central lines, arterial lines, and thoracenteses) was associ-

ated with an increase in test score (Spearman’s correlation

coefficient 0.35, P < 0.001). Residents in the highest and

lowest decile of procedures performed had median scores of

56% and 43%, respectively (P < 0.001). Increasing seniority

in residency was associated with an increase in overall test

scores (median score by program year 49%, 54%, 50%, and

64%, P ¼ 0.02).

Increase in self-reported confidence was significantly

associated with an increase in the number of performed

procedures (Spearman’s correlation coefficients for central

TABLE 1. Subject Characteristics

Number (%)

Total residents 192

Males 113 (59)

Year of residency training

First 101 (52)

Second 64 (33)

Third/fourth 27 (14)

Anticipated career path

General medicine/primary care 26 (14)

Critical care 47 (24)

Medical subspecialties 54 (28)

Undecided/other 65 (34)

TABLE 2. Number of Procedures Performed by Year of
Internal Medicine Residency Training

Year of Residency
Training

Median Number of Procedures (Interquartile Range)

Arterial Line
Insertion

Central Venous
Line Insertion Thoracentesis

First 1 (0–3) 1 (0–4) 0 (0–1)

Second 8.5 (6–18) 10 (5–18) 2 (0–4)

Third/fourth 13 (8–20) 14 (10–27) 3 (2–6)
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line 0.83, arterial lines 0.76, and thoracentesis 0.78, all P <

0.001) and increasing seniority (0.66, 0.59, and 0.52, respec-

tively, all P < 0.001).

Discussion
The determination of procedural competence has long been

a challenge for trainers and internal medicine programs;

methods for measuring procedural skills have not been rig-

orously studied. Procedural competence requires a combi-

nation of theoretical knowledge and practical skill. However,

given the declining number of procedures performed by

internists,4 the new ABIM guidelines mandate cognitive

competence in contrast to the demonstration of hands-on

procedural proficiency.

We therefore sought to develop and validate the results

of an examination of the theoretical knowledge necessary to

perform 3 procedures associated with potentially serious

complications. Following establishment of content evidence,

item performance characteristics and postadministration

interviews were used to develop a 32-item test. We con-

firmed the test’s internal structure by assessment of reliabil-

ity and assessed the association of test scores with other

variables for which correlation would be expected.

We found that residents performed poorly on test content

considered to be important by procedure specialists. These

findings highlight the limitations in current procedure train-

ing that is frequently sporadic and often variable. The num-

bers of procedures reported over the duration of residency

by residents at these centers were low. It is unclear if the

low number of procedures performed was due to limitations

in resident content knowledge or if it reflects the increasing

use of interventional services with fewer opportunities for

experiential learning. Nevertheless, an increasing number of

prior procedures was associated with higher self-reported

confidence for all procedures and translated to higher test

scores.

This study was limited to 4 teaching hospitals and further

studies may be needed to investigate the wider generaliz-

ability of the study instrument. However, participants were

from 3 distinct internal medicine residency programs that

included both community and university hospitals. We

relied on resident self-reports and did not independently

verify the number of prior procedures performed. However,

similar assumptions have been made in prior studies that

physicians who rarely perform procedures are able to pro-

vide reasonable estimates of the total number performed.3

The reliability of the 32-item test (Cronbach’s a ¼ 0.79) is

in the expected range for this length of test and indicates

good reliability.9,10 Given the potential complications associ-

ated with advanced medical procedures, there is increasing

need to establish criteria for competence. Although we have

not established a score threshold, the development of this

validated tool to assess procedural knowledge is an impor-

tant step toward establishing such a goal.

This test may facilitate efforts by hospitalists and others

to evaluate the efficacy and refine existing methods of pro-

cedure training. Feedback to educators using this assess-

ment tool may assist in the improvement of teaching strat-

egies. In addition, the assessment of cognitive competence

in procedure-related knowledge using a rigorous and reli-

able means of assessment such as outlined in this study

may help identify residents who need further training. Rec-

ognition for the necessity for additional training and over-

sight are likely to be especially important if residents are

expected to perform procedures safely yet have fewer

opportunities for practice.
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