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Rationale: Endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) is becoming standard of care for the sam-
pling of mediastinal adenopathy. The need for a safe, effective, ac-
curate procedure makes EBUS-TBNA ideal for mastery training and
testing.
Objectives: The Endobronchial Ultrasound Skills and Tasks Assess-
ment Tool (EBUS-STAT) was created as an objective competency-
oriented assessment tool of EBUS-TBNA skills and knowledge. This
study demonstrates the reliability and validity evidence of this tool.
Methods: The EBUS-STAT objectively scores the EBUS-TBNA opera-
tor’s skills, including atraumatic airway introduction andnavigation,
ultrasound imageacquisitionandoptimization, identificationofme-
diastinal nodal and vascular structures, EBUS-TBNA sampling, and
recognition of EBUS/computed tomography images of mediastinal
structures. It can be administered at the bedside or using combina-
tion of low- and high-fidelity simulation platforms. Two indepen-
dent testers administered the EBUS-STAT to 24 operators at three
levels of EBUS-TBNA experience (8 beginners, 8 intermediates, and
8 experienced) at three institutions; operators were also asked to
self-assess their skills. Scores were analyzed for intertester reli-
ability, correlation with prior EBUS-TBNA experience, and associa-
tion with self-assessments.
Measurements andMain Results: Intertester reliability between tes-
terswas veryhigh (r¼0.9991, P,0.00005).MeanEBUS-STAT scores
for beginner, intermediate, and experienced groups, respectively,
were 31.1, 74.9, and 93.6 out of 100 (F2,21 ¼ 118.6, P , 0.0001).
Groups were nonoverlapping: post hoc tests showed each group
differed significantly from the others (P , 0.001). Self-assessments
corresponded closely to actual EBUS-STAT scores (r2 ¼ 0.81, P ,

0.001).
Conclusions: The EBUS-STAT can be used to reliably and objectively
score and classify EBUS-TBNA operators from novice to expert. Its
use to assess and document the acquisition of knowledge and skill
is a step toward the goal of mastery training in EBUS-TBNA.

Keywords: bronchoscopy; education; competency; endobronchial
ultrasound-guided transbronchial needle aspiration; assessment

Endobronchial ultrasound-guided transbronchial needle aspira-
tion (EBUS-TBNA) is now standard of practice for the sampling
of mediastinal and hilar adenopathy for suspected malignancy as
well as for staging primary or metastatic cancer involving theme-
diastinum (1). This minimally invasive technique is also used to
diagnose benign disorders and lymphoma and to access periph-
eral nodules and peribronchial abnormalities that might other-
wise be inaccessible for safe bronchoscopic sampling.

Thus, a growing number of physicians are seeking to incorpo-
rate EBUS-TBNA into their practices. Learning new procedures
in the clinical setting, however, promotes learner anxiety, sub-
jects patients to the burden of procedure-related education,
and results in a highly variable learning experience (2–5).
Time-limited continued medical education programs, although
beneficial for familiarizing participants with procedural techni-
ques, are notable for their different training agendas and varied
qualities of instruction. These arguments, coupled with an in-
creasing impetus to document procedural competency1, support
the use of objective measures of procedural technical skill in
both simulated and clinical environments. The primary aim of
using such instruments is to help assure that all learners achieve
a benchmark threshold of technical skill and educational out-
come (6, 7).

Validity of an assessment instrument or educational measure-
ment refers to the evidence presented to support or refute the
meaning or interpretation of data or results obtained with that
instrument or measurement (8–11). Thus, to study the validity
of a test is to study the accuracy of interpretations and decisions
based on the scores derived from that test. The Endobronchial
Ultrasound Skills and Tasks Assessment Tool (EBUS-STAT) is
specifically designed to score operators’ EBUS-TBNA skills.
We hypothesized that (1) the EBUS-STAT has a high interrater

1In the United States this is done in accordance with Accreditation Council for

Graduate Medical Education guidelines.

(Received in original form November 8, 2011; accepted in final form July 2, 2012)

Author Contributions: M.D. and H.G.C. created the EBUS-STAT assessment tool,

designed and executed the study, and prepared the manuscript. J.J.M. and C.R.L.

participated in the study design and execution and preparation of the manu-

script. K.E.O. participated in the study design and execution, performed the

statistical analysis, and participated in preparation of the manuscript.

Correspondence and requests for reprints should be addressed to Mohsen

Davoudi, M.D., Division of Pulmonary and Critical Care Medicine, University

of California Irvine, Orange, CA 92868. E-mail: mdavoudi@uci.edu

This article has an online supplement, which is accessible from this issue’s table of

contents at www.atsjournals.org

Am J Respir Crit Care Med Vol 186, Iss. 8, pp 773–779, Oct 15, 2012

Copyright ª 2012 by the American Thoracic Society

Originally Published in Press as DOI: 10.1164/rccm.201111-1968OC on July 26, 2012

Internet address: www.atsjournals.org

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Endobronchial ultrasound-guided transbronchial needle as-
piration (EBUS-TBNA) is now the standard of care for
mediastinal sampling. Yet, there is currently no assessment
tool to test the competencies of EBUS-TBNA operators.

What This Study Adds to the Field

We demonstrate that the Endobronchial Ultrasound Skills
and Tasks Assessment Tool can be used to reliably and
objectively score and classify EBUS-TBNA operators from
novice to expert.
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reliability, with reproducible results when used by different in-
dependent testers; and (2) our results would establish evidence
for the intended interpretation of operator scores obtained by
the EBUS-STAT (8, 10, 12). Thus, we hypothesized that EBUS-
STAT scores will accurately distinguish the EBUS-TBNA skill
level of beginner, intermediate, and experienced operators, in
the appropriate subjects and settings.

METHODS

The Instrument

TheEBUS-STAT is a 10-section assessment tool designed to objectively
and systematically evaluate the technical skill and relevant knowledge
of an operator performing convex-probe (CP) EBUS-guided TBNA.
Created as a component of the Bronchoscopy Education Project (13),
it can be used alone or in addition to other learning tools, reading mate-
rials, and simulation-based educational sessions to document the gradual
acquisition of knowledge and skills in learners training to become com-
petent EBUS-TBNA operators.

The EBUS-STAT can be scored while observing an operator perform
CP EBUS-TBNA in a patient or simulated environment2. Of the 10
items, items 1 to 7 test technical skill, and items 8 to 10 use a 25-image
slideshow to test computed tomography (CT) and EBUS image and
pattern recognition, anatomic orientation, and correlation. The first
seven items are tested in the procedure suite or simulation center,
whereas items 8 to 10 can be completed using a computer monitor.

Item 1 tests advancing the EBUS bronchoscope into the airway
(through an oral bite-block, laryngeal mask airway, or endotracheal
tube); item 2 tests white-light atraumatic navigation of the CP-EBUS
bronchoscope in the central airways to each of the lobar orifices; item
3 tests obtaining an artifact-free image and troubleshooting existing arti-
facts (using basic maneuvers such as more or less inflation of the balloon
or better apposition of the CP-EBUS tip); item 4 requires the subject to
image five main mediastinal vascular structures (aorta, pulmonary ar-
tery trunk, superior vena cava, azygous vein, and left atrium); item 5
requires the subject to show three of the paratracheal/bronchial nodal
stations (in cases in which fewer than three stations are visible, the sub-
ject can identify the normal location of a station, say the triangle be-
tween the trachea, aorta, and pulmonary artery for station 4L); item
6 involves step-by-step sampling of one nodal station (see online sup-
plement); and item 7 tests the subject’s ability to modify gain, depth,
and use Doppler on the EBUS image-processor console.

The Testing Protocol

Three volunteer study centers with established interventional pulmonary
programs were chosen based on availability of a volume of EBUS-TBNA
cases, such that all assessments could be performed in a 2-day period
(University of California Irvine Medical Center [Orange, CA], Lahey
Clinic [Burlington, MA], and Mayo Clinic [Rochester, MN]). Study par-
ticipants were asked to answer a two-item experience questionnaire re-
garding the approximate number of lifetime flexible and EBUS-TBNA
bronchoscopies performed. Based on the number of EBUS-TBNA bron-
choscopies, the subjects were stratified into three categories: beginner
subjects had performed fewer than 20 EBUS bronchoscopies, intermedi-
ate subjects were those with 20 to 50, and experienced subjects had
performedmore than 50. Subjects with fewer than 100 flexible bronchos-
copies were excluded3. Subjects were also asked to complete the EBUS
Self-Assessment Tool (EBUS-SAT), composed of 10 five-point Likert-
style questions pertaining to one’s own skills in 10 different EBUS
domains (see online supplement). This was done to correlate each

subject’s self-assessment and test score and explore associations be-
tween the level of expertise and the accuracy of self-assessment.

Each subject was simultaneously and independently observed and
tested by two testers (H.G.C. and M.D.), who did not have access to
each other’s test sheet. Each subject was given a site-specific identifi-
cation number, identically printed on the test sheets, experience ques-
tionnaire, slideshow answer sheet, and EBUS-SAT. Sheets with
matching identification numbers were stapled together; statistical anal-
ysis was later performed by an investigator (K.E.O.) who did not know
or observe the subjects.

Tests at all three sites were performed on real patients during
patients’ standard course of care. Observation and testing was only
performed if the patients stated that they did not object to two visiting
physicians (H.G.C. and M.D.) observing the case. During the proce-
dure, items 1 to 5 and item 7 were scored as the subject performed
EBUS-TBNA as part of routine patient care duties: introduction of the
CP-EBUS into the airway, central airway examination, ultrasound im-
age obtained, vascular and nodal structures examined, and EBUS-
TBNA sampling performed. The subject was simply asked to say out
loud explicitly what they were doing, where they were, and what they
were seeing on the screen with white-light or ultrasound. Item 6 was
tested at the end of the sampling: the subject was asked to modify gain
and depth and apply/turn off Doppler to show familiarity with the
console. The 25-slide portion of the test (items 8–10) was available
on USB flash drives and administered based on convenience, either
before or after technical skill testing. It was emphasized before each
observation session that the EBUS procedure would be planned and
performed as it must for the patient’s care. In cases in which the patient
needed multiple nodes sampled, subjects who had not been tested were
not allowed into the procedure room, to prevent prior exposure bias.
At all times, an expert EBUS operator faculty physician was present
and supervising the entire procedure, ensuring that all standard-of-care
precautions and procedures were observed, protecting the patient’s
safety and best interest as an absolute priority. Participation in the
study was strictly voluntary and anonymous, with no impact on the
participants’ professional position. The testing protocol was considered
exempt from institutional review board review by the University of
California Irvine Institutional Review Board Office of Research.

Statistical Methods

The primary aim of the studywas to show that the EBUS-STAThas inter-
tester reliability and reproducibility and that EBUS-STAT scores statis-
tically correlate with operator levels of skill, established based on prior
experience, thus allowing for accurate interpretations and decisions based
on these scores. Intertester agreement was assessed using intraclass cor-
relations tomeasure agreement between scores given by the two indepen-
dent testers. Results for all subjects were divided into three groups based
on lifetime number of EBUS-TBNA performed: group 1 with fewer than
20, group 2 with 20 to 50, and group 3 with more than 50. Sample size was
calculated using nQuery 7.0. With eight subjects per group (total ¼ 24),
and assuming a common SD of 30, a one-way analysis of variance would
have 80% power to detect at the 5% significance level an effect size of
0.5 (variance of means ¼ 450). The Average Total Score was compared
between groups using analysis of variance. Post hoc comparisons were
conducted to test for pairwise differences between groups with adjust-
ment for multiple comparisons using the Tukey method. The same com-
parisons were repeated separately for the scores obtained from the
technical skills and slideshow sections of EBUS-STAT, items 1 to 7
(subtotal 1), and items 8 to 10 (subtotal 2). Associations between the
average total score and number of EBUS-TBNA procedures completed
were investigated using linear and nonlinear regression methods. Agree-
ment between self-assessment (based on EBUS-SAT, rated 1–5) and test
score (based on EBUS-STAT, scored 0–100) was assessed using Pearson
correlations. Internal consistency of the total and subtotal scores was
measured by Cronbach a.

RESULTS

Intertester reliability, when tested using intraclass correlations to
measure agreement between overall scores given by the two inde-
pendent testers, was very high (r ¼ 0.999, P , 0.0001) (Table 1).

2Items 4 and 5 consist of the identification of mediastinal anatomy. This cannot

be performed using a low-fidelity model, but can be done using high-fidelity

simulation. All other items can be tested using a low-fidelity airway inspection

and EBUS-TBNA model (14).

3Prior studies suggested that a minimum number of flexible bronchoscopies may

be necessary to assure competent navigation of the central airway (2, 6). These

numbers might not be relevant in the future, as objective measures of technical skill

such as the Bronchoscopy Skills and Tasks Assessment Tool are used more regularly

to ascertain acquisition of skills (15).
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Subjects’ test scores were divided into three groups of eight
(total n ¼ 24) based on the number of EBUS-TBNA procedures
completed: group 1 (n ¼ 8) fewer than 20, group 2 (n ¼ 8) 20 to
50, and group 3 (n ¼ 8) more than 50. This was also done sepa-
rately for the seven technical items tested at bedside (subtotal 1)
and the three computer-based slideshow items (subtotal 2). The
mean number of EBUS-TBNA procedures completed before
testing for each group were 4.9 (range, 0–15) for group 1, 32.5
(range, 20–45) for group 2, and 154.4 (range, (55–300) for group 3.

Average total scores for the three groups were 31.1 (SE, 3.75)
for group 1, 74.9 (SE, 2.57) for group 2, and 93.6 (SE, 2.32) for
group 3 (F2,21 ¼ 118.6, P , 0.0001). Post hoc tests showed each
group differed significantly from the other, with P , 0.001 after
adjustment for multiple comparisons (Figures 1A–1C).

Average subtotal 1 scores (out of 70) for the three groups were
13.75 (SE, 3.75) for group 1, 54.50 (SE, 2.57) for group 2, and 68.38
(SE, 2.32) for group 3 (F2,21 ¼ 162.91, P , 0.00005). Post hoc
(Tukey) tests showed each group differed significantly from the
other with P , 0.001 after adjustment for multiple comparisons.
Average subtotal 2 scores (out of 30) for the three groups, re-
spectively, were 17.38 (SE, 3.75) for group 1, 20.38 (SE, 2.57) for
group 2, and 25.25 (SE, 2.32) for group 3 (F2,21 ¼ 10.65, P ¼
0.0006). Post hoc (Tukey) tests showed that group 3 differed
significantly from group 1 (P ¼ 0.0005) and group 2 (P ¼
0.026); the difference of 17.38 and 20.38 between groups 1 and
2 did not reach 95% significance (P ¼ 0.21). Internal consistency
as measured by Cronbach a was 0.85, 0.77, and 0.86 for subtotal
1, subtotal 2, and total score, respectively.

Using simple regression methods, we further explored the
relationship between average total score and lifetime number
of EBUS-TBNAs performed, as a continuous variable. This re-
lationship proved to be nonlinear, with the logarithm of the
number of lifetime EBUS-TBNAs significantly predicting the
average total score, with r2 ¼ 0.94 (P , 0.001). When groups
1 and 2 alone (, 50 total EBUS-TBNAs) are investigated,
there is a significant linear association between number of
lifetime EBUS-TBNAs and average total score (P , 0.001,
r ¼ 0.88). Completion of more than 50 EBUS-TBNAs, how-
ever, contributed little to the improvement in test score (Fig-
ures 2A–2C).

Exploring the best multivariate predictive model for total
score, we found that the prior number of EBUS-TBNA bron-
choscopies as a categorical variable (stratified into groups 1, 2,
or 3) was the best predictor of average total score, with r2 ¼
0.92. It was observed that the groups are basically nonoverlap-
ping with respect to total score (Figures 1A–1C). Over the
entire sample, the relationship is not linear where the total
score is correlated with the logarithm of the number of EBUS-
TBNA procedures (Figures 2A–2C). It seems that once a practi-
tioner has completed more than 50 EBUS-TBNAs, they test
above 80%, and three-fourths test above 90%, so there may be
little room for improvement in EBUS-STAT scores with more
experience. For those in groups 1 and 2 (who have completed
fewer than 50 EBUS-TBNAs), there was a linear relationship
between the number of EBUS-TBNA procedures and total score.

Figure 1. (A) Average total scores for three groups (maximum score ¼
100). Average total scores (out of 100) for groups 1–3, respectively, were

31.1 (SE, 3.75; range, 18–46), 74.9 (SE, 2.57; range, 58–82), 93.6 (SE,

2.32; range, 82–99); (F2,21 ¼ 118.6, P , 0.0001). Post hoc (Tukey) tests

showed each group differed significantly from the other with P , 0.001
after adjustment for multiple comparisons. (B) Average subtotal 1 scores

for three groups (maximum score ¼ 70). Average subtotal 1 scores (out

of 70) for groups 1–3, respectively, were 13.75 (SE, 3.75), 54.50 (SE,

2.57), 68.38 (SE, 2.32); (F2,21 ¼ 162.91, P , 0.00005). Post hoc (Tukey)
tests showed each group differed significantly from the other with P ,
0.001 after adjustment for multiple comparisons. (C) Average subtotal 2

scores for three groups (maximum score¼ 30). Average subtotal 2 scores
(out of 30) for groups 1–3, respectively, were 17.38 (SE, 3.75), 20.38 (SE,

2.57), 25.25 (SE, 2.32); (F2,21 ¼ 10.65, P ¼ 0.0006). Post hoc (Tukey)

tests showed group 1 , group 3 (P ¼ 0.0005), group 2 , group 3 (P ¼
0.026), group 1 , group 2 did not reach 95% significance (P ¼ 0.21).

TABLE 1. INTERRATER AGREEMENT

Variables Intraclass Correlation P Value

Subtotal 1 0.9988 , 0.00005

Subtotal 2 1.00000 N/A

Total 0.9991 , 0.00005

Definition of abbreviation: N/A ¼ not applicable.

Intraclass correlation for total scores for all 24 subjects, along with subtotal 1

(skill test, items 1–7) and subtotal 2 (slideshow, items 8–10). Each subject took

the slideshow only once, hence the 1.0 or 100% correlation.

Davoudi, Colt, Osann, et al.: Objective Test of EBUS-TBNA Competency 775



Self-assessment of ability by subjects (EBUS-SAT) corre-
sponded closely to actual test scores, with r2 ¼ 0.81 and P ,
0.001 (Figure 3). In general, more subjects overestimated their
ability (relative to total score) than underestimated, with the
exception of group 3, in whom there was a tendency to under-
estimate ability. Although one-half of the subjects in groups
1 and 2 rated their ability above their test level (four of eight in
each of groups 1 and 2), subjects in group 3 were more likely to
underestimate their ability.

Initial power calculations, using nQuery 7.0, had assumed
a common SD ¼ 30 and a difference between means character-
ized by a variance of means for the three groups of 450 (effect
size ¼ 0.5). Hence, to detect this effect with 80% power at a 0.05
significance level a sample of eight subjects per group (total ¼
24) was required. A post hoc power calculation was to ascertain
that with the real SD and variance, we had achieved our target
80% power. Post hoc power calculations using actual data and
variances demonstrated a power of 98% to detect differences.

DISCUSSION

The late Christine McGuire, a leader of assessment in medical
education, wrote, “Evaluation is probably the most logical field
in the world and if you use a little bit of logic, it just fits together
and jumps at you . . . It’s very common sense” (16). An estab-
lished common-sense tenet of competency-oriented medical ed-
ucation has been that all competencies must be teachable,
learnable, and measurable (17). This study set out to demon-
strate the ability of the EBUS-STAT to provide objective, for-
mative, and summative assessments of EBUS-TBNA–related
knowledge and skills. This would require that we establish evi-
dence for the accurate interpretation of scores derived from this
assessment tool when used in appropriate subjects and settings.

The necessity for validation may be a foregone conclusion,
but the design of any test of clinical skills “should always include

Figure 2. Linear and log-linear plots demonstrating association of three

groups’ average total scores with number of endobronchial ultrasound-
guided transbronchial needle aspirations (EBUS-TBNAs) performed. (A)

When plotted using a linear scale for both axes, the number of EBUS-

TBNAs in groups 1 and 2 shows a solid linear association of average

total score with number of EBUS for groups 1 and 2, which becomes
less clear for group 3 (i.e., after 50 or more EBUS-TBNAs). This is sug-

gestive of a log-linear distribution. (B) When plotted in log-linear fash-

ion (plotting the number of EBUS on the X-axis in logarithmic scale) we

obtain a perfect straight line for groups 1 through 3. (C) Alternately, by
excluding group 3 (subjects with 50 or more EBUS-TBNAs), the linear

plot of groups 1 and 2 also renders a perfect straight line.

Figure 3. Association between test scores and self-assessment (Endo-
bronchial Ultrasound Skills and Tasks Assessment Tool vs. Endobron-

chial Ultrasound Self-Assessment Tool). The diagonal line indicates what

would be perfect agreement.

4Validity, or “a test measuring what it is supposed to measure (18, 19)” has been

traditionally divided into various elements, including construct, content, criterion

(divided into concurrent and predictive), and face validity (the latter eschewed by

most contemporary educational assessment researchers on the grounds that

appearance is not scientific evidence, and appearance of validity must not be

equated with validity (11, 20). Downing, Haladyna, and others, however, believe

this view of validity to be dated (10, 21, 22) and that “validity is a unitary

concept, which requires multiple sources of scientific evidence to support or

refute the meaning associated with assessment data” (10, 22). Hence, in this

framework, all validity leads to construct validity.
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test validation studies during the early stages” (20, 21). Down-
ing states that, “Validity4 is the sine qua non of assessment, as
without evidence of validity, assessments in medical education
have little or no intrinsic meaning” (8), and refers to validity as
“the single most important topic in testing.”

One respected method of test validation is the “use of clinical
validity groups to show discriminant validity” (23, 24). Roid
states that, “One simple index of construct validity for most
ability tests is the sensitivity of items to the developmental
trend” (23). This is precisely the premise that we pursued.
Our results demonstrate that our “ability test” can objectively
discriminate between operators at three levels of experience
from novice to expert.

A prerequisite of validity is “fidelity to the criterion,” which
has been defined as “some validity-type relationship between
scores or ratings on the assessment and the ultimate ‘criterion’
variable in real life” (18, 19, 25). Essentially, fidelity to the
criterion requires a mathematical relationship between the
score on the valid test to the real-life variable that the test
purports to measure. As demonstrated by the results, in the case
of the EBUS-STAT, scores on the assessment tool had a highly
significant relationship to the real-life variable of EBUS-TBNA
operator experience and expertise.

The other major requirement of a test is reliability (12, 26–
28), defined as the proportion of reproducible data to random
noise recorded by the assessment instrument. A reliability of 1.0
implies the data are 100% objectively representative of the
subject matter being measured and will be reproducible exactly,
again and again; a reliability of 0.0 means the data are all noise,
with no objective bearing to the facts being recorded. The
EBUS-STAT had a reliability of 0.9991, and the bedside section
(items 1–7) has a reliability of 0.9988, attesting to a high level of
reproducibility, obviously a desirable trait for a test of proce-
dural skills.

Another important characteristic that renders a test prag-
matically more useful is “examiner and examinee friendliness”
(23). The EBUS-STAT was designed with such user friendli-
ness in mind. Scoring follows clear and reproducible instruc-
tions and definitions; the examinee and examiner know
precisely what is expected and being tested in each of the
bedside items, which can be tested without any interruption
to the course of patient care. The computer-based slideshow is
self-explanatory and readily completed outside the patient-
care setting.

Comparison of the subjects’ self-assessment using EBUS-
SAT with actual EBUS-STAT scores, although demonstrating
a high degree of correlation (r ¼ 0.81, P , 0.001), revealed that
more subjects overestimate their ability than underestimate,
with the exception of the expert group, in which there was
a tendency to underestimate ability. These findings confirmed
two well-known phenomena: (1) most operators overestimate
their skills, and (2) less experienced operators have a stronger
tendency to do so (29–33).

One limitation of this study is that both testers were closely
familiar with the assessment tool; hence, the high interrater re-
liability may not be universal. Yet, this issue is true for all check-
list and global rating scale tests. It is precisely why testers need
to become familiar with their testing instruments and why the
assessment process must be calibrated to prevent each training
program from developing groups of “faculty ‘hawks’ and ‘doves,’”
each known for extra stringency or leniency5 (18, 19, 34–37).
Another limitation is that when EBUS STAT is used repeatedly

to plot the learner’s progression along the learning curve, the
slideshow section (items 8–10) may become irrelevant once the
learner masters it. Thus, the fact that the difference between
average subtotal 2 scores for groups 1 and 2 did not reach
statistical significance (17.38 vs. 20.38, P ¼ 0.21) is inconsequen-
tial, because this section of the test was never meant to be used
separately per se. The reason to report the subtotal scores was
to show that the significant difference between the total scores
of the three groups is primarily due to subtotal 1 differences
(i.e., differences in the bedside technical skills and nonslideshow
part of the test). Hence, when the test is administered repeat-
edly to plot a learner’s progress, the skills section (i.e., subtotal
1, items 1–7) will still be useful when used separately. Finally,
because testing was done in patients, it is possible that indi-
vidual case difficulty could have randomly biased results (38).
This is unlikely because (1) a conscious effort was made to test
subjects from all three experience levels on the same patients,
and (2) it was clearly observed that a novice would not per-
form better on the test when tested on an “easy” patient, nor
would experienced operators do worse on the “difficult”
patients.

A result that warrants consideration is our observation that
experience beyond what is attained by completion of more than
50 to 100 EBUS procedures contributed little to the improve-
ment in test score (Figures 2A–2C). This obvious ceiling effect
was indeed intentional and one of the primary considerations in
the design of EBUS-STAT. This assessment tool was designed
for mastery testing (39–43)6, which is a type of criterion-
referenced testing (19, 34, 44, 45). Criterion-referenced testing
(as opposed to norm-referenced testing), which is closely asso-
ciated with competency-based education and assessment (19,
34), explores how much (or what proportion) of some specific
content of knowledge and skills the learners know or can do. In
mastery training and testing (39–43), the assessments are de-
vised such that they must be completed nearly perfectly by
almost all learners. For a mastery test, the expected score is
100% correct. Bronchoscopic procedures such as EBUS-
TBNA are ideal for mastery training and testing, as every op-
erator must master each of the constituent elements of a safe
and effective procedure to achieve competency. The variable
that distinguishes different learners is the slope of the curve
(i.e., time required by each learner to reach this educational
goal) (19, 39–43, 46).

Learners and instructors are encouraged to see the mastery
model of training and assessment as an expression of a dynamic
testing paradigm (47), whereby training and assessment merge
into one; students learn to see the assessment process and score
as their friend and not their foe. Instructors can use assessment
tools to plot each learner’s acquisition of knowledge and skills,
identify strengths and weaknesses, and design learner-centric
remedial training, individualizing sessions to focus on each
learner’s deficiencies.

This begs the question: is there no difference in expertise after
50 or 100 EBUS-TBNA procedures? The answer is an emphatic
No. Acquisition of fine nuances of procedural excellence con-
tinues for years after competency benchmarks have been sur-
passed. Much in the same way that the Objective Structured
Clinical Examination was not meant to distinguish between
masters of bedside medicine, the EBUS-STAT was not
designed to measure nuances of excellence but to ensure

5This information can be covered during faculty development programs, such as

train the trainers.

6Researchers have proposed that mastery testing is ideally suited for the

ultimate goal of using the mastery model of training and assessment in the

medical field, especially as it pertains to clinical and procedural competencies

(16, 38–42).
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attainment of the fundamental knowledge and skill elements
required for a safe and effective EBUS-TBNA (48, 49).

Conclusions

The evolving paradigm of mastery training in procedural medical
education necessitates the development and validation of reli-
able assessment tools to objectively measure the acquisition of
technical skill, documenting each learner’s progress along the
learning curve from novice to competent practitioner. We dem-
onstrate that the EBUS-STAT can be used to reliably and ob-
jectively score and classify EBUS-TBNA operators from novice
to expert. It has a user-friendly and logical structure and may be
administered at the bedside or on a combination of low- and
high-fidelity simulation platforms. Its use to assess and docu-
ment the acquisition of knowledge and skill among learners is
a step toward the goal of mastery training in EBUS-TBNA.
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