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Abstract: The perfusion education program at The Ohio State
University uses a step exam to rank students and identify incom-
petent students in regard to the program learning objectives. The
step exam determines student progress from the didactic to the
clinical phase. Each student must pass the competency step exam
to gain entry to the clinical rotations. The development, use, and
results of the step exam are reported. The design and knowledge
matrix establish the content validity of the exam. Single test
question discrimination and difficulty statistics identify valid
exam items. Examples of the exam’s predictive ability are pre-
sented. The step exam is a 200-question exam using multiple
choice items. The exam is modeled after several health-related

national certification exam processes. The exam has content va-
lidity based on the published, written objectives for the educa-
tion program. Each item on the exam has a history of use and
meets criteria for difficulty, discrimination, and distraction. The
use of a high-stake competency exam in clinical science and
medical education programs is controversial and technically
challenging. A step exam to have high-stake consequences must
be reliable, meet requirements for content validity, and hope-
fully exhibit predictive validity. Keywords: perfusion education,
knowledge examination, certification, licensure. JECT. 2006;38:
38–43

Tests may serve several important purposes in health
professions education, namely to measure student mastery
and proficiency achievement or to search for and rank
talent. While the specific questions (items) chosen for
these two types of purposes might vary, the measurement
criteria used in their selection have some commonalities:
namely, a consideration of their difficulty, discrimination,
and distraction. Mastery tests must have basic level diffi-
culty and discriminate only at this required basic skills
level. Thus, such tests are designed to separate those who
have achieved knowledge mastery from those who have
not or those who are competent from those who are not.
Talent searches are different, in that they are designed to
challenge specifically at the highest-level students, thus
discriminating students only at this high level, while frus-
trating all others below this level.

The testing purpose affects the range of item difficulty,
at what ability level each item discriminates, and therefore
the resulting distribution of scores. To meet these pur-
poses, there are criteria to evaluate an exam, namely the

distribution of the scores and the test’s reliability and va-
lidity (1,2). For an exam to meet these criteria, the indi-
vidual items composing the exam may be evaluated for the
criteria of difficulty, discrimination, and distraction (AG
D’Costa, personal communication, November 12, 2004)
There are three steps to designing a cognitive mastery
exam: 1) develop a specification matrix based on a job
analysis, 2) develop test items using the “three Ds” (dif-
ficulty, discrimination, and distraction) to select appropri-
ate items, and 3) measure test reliability and validity (1,2).

A step exam is a high-stake exam to be mastered before
moving forward in a professional education program or to
advance in a candidate’s professional employment. In the
perfusion profession, the American Board of Cardiovas-
cular Perfusion (ABCP; www.abcp.org/) basic science and
clinical science exams are examples of professional step
exams because many employers and some state licensure
applications require exam mastery.

In 1999, the Circulation Technology (CT; www.amp
.osu.edu/CT/) Division in The Ohio State University
School of Allied Medical Professions (SAMP) adopted
the use of a step exam at the end of the last three didactic
academic quarters in the perfusion education (PE) cur-
riculum.

For a step exam to have such high-stake consequences,
the exam and its items must be reliable, meet require-
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ments for content validity, and hopefully exhibit predic-
tive validity as well (1). The purpose of this communica-
tion is to present the development, reliability, and validity
for a step exam used in a perfusion education program.

METHODS

A January 2005 e-mail survey of 19 perfusion program
directors asked two questions: 1) does the program use a
step exam process, and 2) if the program has a step exam
process, does the program stop the student’s progress and
require the student to remediate if they do not pass the
exam?

The CT step exam measures the knowledge competency
of the students just before entering their two clinical ro-
tation quarters. Figure 1 shows the PE curriculum in the
CT Division. The CT curriculum fits an activity theory
model for a constructivist learning environment (3). Step
exams have been used by the medical school at The Ohio
State University. The CT exam follows the models of our
medical school, health personnel state licensure agencies,
and the ABCP national certification exam process. The
step exam is composed of multiple choice questions with
four options; only one option is correct, and there are
three distracters. Although difficult to construct, multiple
choice questions are versatile and can be used in settings
with large numbers of students (4). A single CT course
(Circ Tech 510) in the fifth quarter awards the student’s
grade based on the results of the step exam. Successful

completion of the exam is a score greater than 70%. The
passing score was set consistent with University grading
policy.

The SAMP curriculum committee approved the use of
the step exam for a course score. A defined process of
remediation for students who fail to pass the exam
was also approved and is published in the CT Student
Handbook (http://amp.osu.edu/CT/download/CT
_Handbook_2004-05.pdf). Remediation is repeating CT
510 or completing an independent study course to retake
the step exam. After remediation and successfully passing
the step exam, the student is allowed to enter the clinical
rotation clerkships for the last two academic quarters.

A 1968–1972 job analysis for the Circulation Technolo-
gist led to the development of the curriculum and has
historically focused on nine knowledge and clinical skill
areas (5). The nine job areas are shown in Table 1. These
curriculum knowledge areas serve as the scales or subsec-
tions for the competency step exam score. Written educa-
tional objectives for the nine scales are also published in
the CT Student Handbook and are well known to the
students. The knowledge scales lead to the test specifica-
tions in regard to content validity and the learning tax-
onomy levels used by the test.

A large bank of test items has been developed and used
in the CT program. Test items are evaluated using a modi-
fied Angoff methodology (6). The Angoff method cap-
tures the professional judgment of the faculty to establish
defendable mastery standards. Test items are evaluated

Figure 1. The OSU perfusion education
professional curriculum is seven aca-
demic quarters. The first five quarters fo-
cus on lectures, laboratories, and simu-
lation. The last four quarters focus on
laboratories, competency check-offs,
and clinical rotations.
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for difficulty, distraction, and discrimination using simple
statistics by a software package designed by Dr. D’Costa
(personal communication, November 27, 2004).

Measures of exam reliability were calculated by test–
retest and parallel forms methods (1). In late 2004, stu-
dents from the perfusion education programs at The State
University of New York (SUNY Upstate Medical Univer-
sity; http://www.upstate.edu/chp/cp/) and Ohio State Uni-
versity had the opportunity to take each other program’s
perfusion basic science step exam to measure the two
tests’ concurrent validity.

RESULTS

Ten of 19 program directors responded to the e-mail
survey. Three programs (30%) reported to use a step
exam process, and two programs (20%) required students

to remediate before advancing to clinical rotations in the
curriculum if not successful on the exam.

Table 2 shows the content specification matrix for the
most recent version of preclinical step exam. The test
items are primarily composed of cognitive learning do-
main items.

Figure 2 presents the frequency distribution for the step
exam scores for all students since 1999. Table 3 reports a
sample of the item analysis report used to evaluate each
exam offering for each class. Figure 3 shows a sample item
characteristic analysis for test item 115 taken from the step
exam. The number of students selecting a particular item
option for the multiple choice question is presented as a
measure of distraction.

Table 1. Circulation technology curriculum knowledge areas.

Biomedical monitoring (BioMed)
Cardiovascular anatomy (CV Anat)
Cardiovascular physiology (CV Physio)
Extracorporeal technology (ECT)
Mechanical cardiac assist (MCA)
Pacemakers and analysis (Pacemaker)
Pathology and surgery (Path & Surg)
Perioperative blood management (PBM)
Pharmacology (Pharm)

The nine competency areas from the Circulation Technologist job de-
scription. These areas serve as the sections or scales for the competency
step exam. Retrieved from http://amp.osu.edu/CT/download/
CT_Handbook_2004-05.pdf.

Table 2. Step exam content matrix: knowledge area, domains
and item distributions.

Knowledge
Scales Comprehension Application Analysis

No. of
Items (%)

BioMed 2 3 5 10 (5.0)
CV Anat 25 6 2 33 (16.5)
CV Physio 4 8 7 19 (9.5)
ECT 11 16 22 49 (24.5)
MCA 4 3 7 14 (7.0)
Pacemaker 8 1 2 11 (5.5)
Path & Surg 12 11 0 23 (11.5)
PBM 2 7 6 15 (7.5)
Pharm 18 6 2 26 (13.0)
No. of

Items (%) 86 (43.0) 61 (30.5) 53 (26.5) 200 (100.0)

The content matrix is an important tool to establish content validity. The
matrix presents the distribution of test items chosen by the program
faculty.

Figure 2. Descriptive statistics for 104 first-time
student test taker scores for the CT 510 step
exam for classes 1999 to 2004. The student
scores are normally distributed.
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Test–retest reliability (giving repeated subtests of the
exam) measures yielded minimally acceptable values of
0.45–0.55. Cronbach � for the last offering of the test was
0.62 (1). The Pearson correlation between Ohio State Uni-
versity step exam scores (n � 48) and the ABCP basic
science exam scores is currently 0.38 (p < .05).

Table 4 shows the results for the cross-testing of the
SUNY and Ohio State University perfusion students with
each program’s basic science step exam. Figure 4 is a
sample student exam score report that includes scores for
each subscale or cognitive area.

DISCUSSION

The CT didactic step exam has high curriculum content
validity (Table 2) in that the academic and clinical faculty
members have worked to assure that the exam items re-
flect the curriculum content. Continuous faculty review of
the CT job description, the curriculum objectives, and an-
nual feedback from students, employers, and graduates

maintains both the curriculum validity and the content
validity of the step exams (7). In recent years, clinical
critical incident analysis has resulted in the addition of
specific test items (8). The addition of test questions based
on critical clinical incidents has increased the difficulty of
the exam.

Student performance on items and the exam overall is
evaluated by subscales and a mix of varying difficulty
questions is used to rank student knowledge. The ideal
test item for a step-exam has the characteristics shown in
Figure 3. The question difficulty score drops off rapidly for
the low scoring quintiles of exam takers.

The Accreditation Committee–Perfusion Education
(AC-PE; http://www.ac-pe.org/) policies require the
completion of prescribed annual graduate and employer
surveys with minimum satisfactory threshold scores. The
CT curriculum and objectives are continually adjusted
based on the feedback from the surveys.

The exam currently shows moderate internal and exter-
nal reliability. There is room for improvement in Cron-
bach �, which is a function of the number of test items and
the average intercorrelation between the items that mea-
sure internal consistency on the exam. The maintenance of
a high-stake exam is continuous in that the faculty evalu-
ates items for deficiency—failure to include important
items, contamination—items students have not been ex-
posed to in coursework, and distortion—inappropriately
assigning weight to an unimportant scale area and for cue-
ing effects (9). Each new version of the exam, depending
on the mix of items, increases in regard to internal validity
as the faculty improves the question structure and con-
struct.

The step exam development and results process are an

Table 3.

Item
Number Subscale

p
Value SD

d
Discr

R
(Total)

R
(Subscale)

112 CV Physio 0.96 0.09 0.22 0.33 0.08
113 Pharm 0.38 0.41 −0.15 0.00 0.14
114 Pharm 0.82 0.28 0.65 0.82 0.52
115 Pharm 0.72 0.19 0.50 0.65 0.51
116 CV Physio 0.68 0.35 0.24 0.45 0.62
117 Pharm 0.82 0.16 0.16 0.42 0.44

Table provides the item analysis report for items 112 to 117 presenting
the fraction correct (p value), SD, discrimination (d Discr), point biserial
correlation relative to the total score (R Total), and relative to the sub-
scale (R Subscale) to which the item belongs.

Figure 3. Example item characteristic
report for distraction, difficulty, and dis-
crimination from Item Analysis Software
by D’Costa. Sixty students’ selection
rates for distracters on one pharmacol-
ogy item are presented: p is the fraction
correct and d is distraction index = top
quintile p − low quintile p.
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important part of an educational program total quality
management approach (10–12). How can a student suc-
cessfully pass four academic quarters of courses and then
fail to show mastery on a cognitive step exam? It happens
despite the fact that the CT coursework is cumulative and
subsequent courses build on knowledge from prerequisite
courses. Trends in student performance on step exams
offer immediate feedback to faculty. In addition to knowl-
edge content areas, exam subscale scores (Figure 4) may
be calculated according to specific CT course objectives,
ABCP knowledge areas, specific CT courses, and even CT
faculty members. The subscale report for an individual
student is useful to identify areas of strength and weakness
to focus future study or remediation.

The process of constructing a mastery exam allows the
faculty to adjust the test reliability and level of difficulty

by altering the mix of test items. Adding test items with
low p values (percent correct) to the item mix reduces the
potential total score for an individual student but increases
the reliability of the exam and its ability to rank student
performance. The items with discrimination scores less
than 0.20 and p values less than .40 are reviewed by the
faculty after every exam offering. Decisions to edit a spe-
cific item and whether to continue to use of the item were
made based on information from the specific item’s char-
acteristic analysis (Figure 4). Multiple choice item distract-
ers and effectiveness are evaluated with the same visual
aid.

The opportunity for perfusion education programs to
share their high-stake examination processes with each
other can only lead to quality improvement and increased
success in the AC-PE quality outcome measures. If the
step exam has high content validity with the AC-PE Con-
sensus Curriculum for Perfusion and has concurrent cor-
relation with the ABCP exam, use of the step exam to
remediate students will improve the AC-PE program out-
come of success on the ABCP exam.

The method and results to develop a consistent (reli-
able) and valid step exam for a perfusion education pro-
gram are presented to show the successful use of a con-
troversial exam with high consequence validity. The pro-
gram faculty has high confidence in the exam to measure
student mastery of the curricular objectives. As the exam
continues to evolve and more data to support validity and
reliability are collected, perhaps other uses for the exam
may be discovered.
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