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Objective. To determine whether a correlation exists between third-year PharmD students’ perceived
pharmacy knowledge and actual pharmacy knowledge as assessed by the Pharmacy Curricular Out-
comes Assessment (PCOA).
Methods. In 2010 and 2011, the PCOA was administered in a low-stakes environment to third-year
pharmacy students at North Dakota State University College of Pharmacy, Nursing, and Allied Sciences
(COPNAS). A survey instrument was also administered on which students self-assessed their perceived
competencies in each of the core areas covered by the PCOA examination.
Results. The pharmacy students rated their competencies slightly higher than average. Performance on
the PCOA was similar to but slightly higher than national averages. Correlations between each of the 4
content areas (basic biomedical sciences, pharmaceutical sciences, social/administrative sciences, and
clinical sciences) mirrored those reported nationally by the National Association of Boards of Pharmacy
(NABP). Student performance on the basic biomedical sciences portion of the PCOA was significantly
correlated with students’ perceived competencies in the biomedical sciences. No other correlations
between actual and perceived competencies were significant.
Conclusion. A lack of correlation exists between what students perceive they know and what they
actually know in the areas of pharmaceutical science; social, behavioral, and administrative science; and
clinical science. Therefore, additional standardized measures are needed to assess curricular effective-
ness and provide comparisons among pharmacy programs.
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INTRODUCTION
In their Accreditation Standards and Guidelines

2007, the Accreditation Council for Pharmacy Education
(ACPE) placed increased emphasis on assessing and
evaluating programmatic outcomes using standardized
instruments and data to allow comparisons with other pro-
grams.1 To assist programs in gathering assessment data
for accreditation, the American Association of Colleges
of Pharmacy (AACP) and ACPE developed Curriculum
Quality Perception Surveys, which are standardized in-
struments designed to be administered to students, fac-
ulty members, preceptors, and alumni.2 Data from the
Curriculum Quality Perception Surveys is required to
assess 25 out of the 30 accreditation standards, including
Standard No. 3, Evaluation of Achievement of Mission
and Goals, and Standard No. 15, Assessment and Evalua-
tion of Student Learning and Curricular Effectiveness.3

Surveys that capture perceptions and opinions are
commonly used in health science research.4 At the same
time, research published in health science literature pro-
vides some evidence to support discordance when per-
ceptions are compared to external measures (ie, reality).
For instance, an older review of 14 studies involving
health professions training found students generally were
overconfident in their perception of knowledge, with
only low to moderate correlations found between stu-
dents’ perceived knowledge and external measurements.5

Senior-level bachelor of science in pharmacy (BS Pharm)
students, consistently overestimated their clinical knowl-
edge as evident when compared with their scores on
external assessments.6 In 3 studies that looked at actual
and self-perceived knowledge of diabetes among nurses,
2 found a positive correlation between perceived knowl-
edge and actual diabetes knowledge,while the other study
found no correlation.7-9 Studies comparing the accuracy
of physician self-assessment and external assessments
also reported weak or no association.10,11 Interestingly,
with regard to skill performance, a few studies in the
health professions found that those who were the most
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confident in their skills performed the worst on external
assessments.12,13 Using data from perception surveys to
evaluate program quality and guide curricular develop-
ment can be problematic if pharmacy students’ accuracy
in self-assessing their knowledge, skills, and ability is
flawed.

Examinations are commonly used to validate a stu-
dent’s knowledge, skills, and ability. TheNorthAmerican
Pharmacist Licensure Examination (NAPLEX) essentially
assesses whether a student possesses the minimum knowl-
edge necessary to practice pharmacy in the United States.
The PharmacyCurriculumOutcomesAssessment (PCOA)
is a national standardized examination created by the
National Association of Boards of Pharmacy (NABP) to
assess the academic progress of pharmacy students and
guide curriculum development.14 Content of the PCOA
falls into 4 domains corresponding to the doctor of phar-
macy (PharmD) core curriculum as defined byACPEStan-
dard 13: basic biomedical sciences; pharmaceutical
sciences; social, behavioral, and administrative pharmacy;
and clinical sciences. Assessment data generated from the
PCOA, therefore, may provide a valid and reliable exter-
nal measurement of a student’s pharmacy knowledge.

The North Dakota State University College of Phar-
macy, Nursing, and Allied Sciences (COPNAS) decided
to administer the PCOA to students in their third year as
a low-stakes, voluntary, free, and formative assessment
to determine the value of the PCOA as a measure of cur-
ricular effectiveness to meet ACPE Accreditation Stan-
dard No 15. If students’ perceptions of their knowledge
were found to be reliable indicators of actual knowledge,
the researchers might conclude that the cost (eg, time and
financial) of administering the PCOA exceeded its bene-
fit. The purpose of this study, therefore, was to determine
whether a correlation existed between third-year PharmD
students’ perceived and actual pharmacy knowledge as
assessed by the PCOA.

METHODS
Institutional Review Board (IRB) approval for this

research project was granted by the North Dakota State
University IRB. In 2010, and again in 2011, an informed
consent describing the research, along with a knowledge
perception survey instrument to rate levels of perceived
knowledge, was obtained from third-year pharmacy stu-
dents before they completed the PCOA. Each cohort of
students was given verbal information about the PCOA
including test design (eg, number of questions, multiple-
choice format), the expected time commitment, a Web
site for more information, and an explanation of how
the results would be used. The same information was
communicated in a follow-up e-mail to the students sent

24 hours later. One week before the PCOA examination,
an e-mail reminder was sent to the students reminding
them of the date and time of the PCOA examination. To
encourage student participation and effort, participating
students received a free lunch at the conclusion of the
examination and individualized feedback regarding their
strengths and weaknesses after the examination was scored
by NABP. In addition, students scoring at or above the
85th percentile received 2 extra personal days off from
their advanced pharmacy practice experiences (APPEs),
those scoring in the 70th to 84th percentile received 1
extra personal day off, and students scoring in the 40th to
69th percentile received 1 extra professional day off. A
drawing to award a free pre-NAPLEX examination to
5 students was held after the PCOA results were returned
for participating students who completed both the exami-
nation and the survey instrument.

In the perception survey, students were asked to rate
their perceived level of knowledge for 35 curricular
areas using a 5-point Likert scale (1 5 low, 5 5 high).
The 35 curricular areas on the survey instrument directly
corresponded to the subtopics tested on the PCOA, used
language that mirrored the PCOA subtopic explana-
tions, and took approximately 10 minutes to complete.
The timing of the knowledge perception survey and
PCOA was such that it occurred in the last semester of
the student’s classroom education and prior to the begin-
ning their advanced pharmacy practice experiences.

Given the lack of empirical evidence linking student
perceptions to actual outcomes in the general health sci-
ences literature, we operated under a null hypothesis of
no relationship (correlation) between any student percep-
tion indicators and the actual outcomes as measured by
PCOA scores. To simplify the analysis, we used the PCOA
total scaled score and the scores from each of the 4 con-
tent domains. The total PCOA score was included pri-
marily for completeness, but was expected to be too
aggregated to analyze and interpret in a meaningful fash-
ion. Instead, primary focus was placed on the major do-
main scores, as these scores can be succinctly interpreted
and related back to courses or sets of courses in a phar-
macy curriculum. Additionally, given that the data con-
sisted of a 2-year cohort, we focused primarily on the
PCOA scores rather than the corresponding percentile
rankings of those scores, which were ranked relative to
students taking the examination in a given year as the
scores are more easily interpreted in a multi-year context.
(Analyses using the percentile rankings were conducted
that provided results qualitatively similar to the PCOA
score analyses but are not reported. Data not presented in
the paper are available from the author upon request.) Be-
cause the student perception survey instrument mimicked

American Journal of Pharmaceutical Education 2012; 76 (4) Article 63.

2



the design and language of the PCOA closely, we aggre-
gated the survey items into 4 content scales by taking
a simple average of the subtopic areas contained in that
content area. For example,wecreated a biomedical science
perception scale by calculating an average score of the 7
subtopics (microbiology, anatomy and physiology, patho-
physiology, immunology, biochemistry/biotechnology,
molecular biology/genetics, and biostatistics) contained
in that content area for each student in our data set. We
did not create a combined index of student perception
because (like the total PCOA score) it would have been
too aggregated and, thus, difficult to interpret in ameaning-
ful fashion.

Correlations between PCOA scores and perceived
knowledge were compared using both parametric (Pearson)
and nonparametric (Spearman)methods. Primary empha-
sis was given to Pearson’s correlations, and Spearman
correlations are provided only if theywere fundamentally
different. Student responses for the 2010 and 2011
were analyzed cumulatively and for each class by year.
For simplicity, we focused primarily on the cumulative
analysis.

Our primary focus was on evaluating the correla-
tion between the pharmacy students’ perceived and ac-
tual knowledge. Nonetheless, we conducted a simple
empirical analysis to determine whether performance
of COPNAS pharmacy students on the PCOA could be
generalized to the population of all pharmacy students
who completed the PCOA. First, to determine whether
the 2010 and 2011 cohorts were comparable and repre-
sentative of the pharmacy students progressing through
the COPNAS program, we checked for significant dif-
ferences in PCOA scores between the cohorts using
parametric (F test) and nonparametric (Kruskal-Wallis)
analysis of variance under the null hypothesis of no mean
differences by year. That is, we operated under the null
that such biases did not exist, and the data could be pooled
and analyzed cumulatively. Second, because we did not
have access to PCOA scores for the entire population
(nationally), we examined the correlation coefficients be-
tweenCOPNAS students’ actual PCOAscores (across the
4 content domains) and the corresponding national corre-
lations. We also conducted simple z tests under the null
hypothesis that the sample mean for a given COPNAS
PCOA score was not significantly different from the
“population” mean as characterized by the national PCOA
average for a given domain score or total score. For per-
centiles, we conducted z tests under the assumption that
the “population” average (mean or median) was the 50th
percentile. All data analyses were conducted using the SAS
Statistical Software Package, Version 9.2 (SAS Corpora-
tion Cary, North Carolina) and a 5% significance level.

RESULTS
One hundred seventy-two students from 2010 and

2011 were included in the study. Of those students, 157
(91.3%) completed the knowledge perception survey tool
in its entirety, 138 (80.2%) sat for the PCOA, and 132
(76.7%) completed both the knowledge perception sur-
vey instrument and the PCOA. A response rate in survey
research methods of 50% to 60% or greater is considered
sufficient to minimize nonresponse bias.15

Table 1 contains the variable names, definitions, and
descriptive statistics for each of the variables included
in the analysis. First, the mean scores and percentile rank-
ings for the 2-year cohort of students were relatively sim-
ilar across the 4 domains. The lowest mean score was in
the area of pharmaceutical sciences (346.36 49.5), while
the highest mean score was in the area of clinical sciences
(373.2 6 60.5). Simple z tests rejected the null hypoth-
esis of no difference between NDSU and national PCOA
scores for each of the corresponding domain averages
( p, 0.05 for each). Percentile rankings for scores ranged
between 55.1% (for pharmaceutical sciences) and 65.7%
(for biomedical sciences), indicating that the COPNAS
cohort scored consistently near the 60th percentile nation-
ally (overall percentile5 60.9%). Z tests applied to these
percentile rankings suggested that COPNAS students
did not score significantly higher than the national aver-
age on the pharmaceutical sciences ( p 5 0.25), social/
administrative sciences (p5 0.05) and clinical sciences
(p5 0.06) domains, but did score significantly higher in
the biomedical sciences (p , 0.001) and the 50th per-
centile overall (p 5 0.012).

The last portion of Table 1 provides descriptive
statistics for each of the 4 perception scales. The mean
scores for the biomedical sciences (3.1, p 5 0.093) and
pharmaceutical sciences (3.0, p 5 0.933) were not sig-
nificantly different than the midpoint of the perception
scale, which was 3. Concomitantly, the mean values for
the social/administrative sciences (3.2, p , 0.001) and
clinical science (3.4, p , 0.001) domain scales were
significantly higher than the midpoint of the perception
scale.

Table 2 deconstructs our primary variables of inter-
est by year. For each of the perception variables and
PCOA scores (and percentiles), there was a high degree
of consistency across both time periods. At the 5% level,
there were no significant differences across each of the
variables by year. Students in the 2010 class scored sig-
nificantly higher than their 2011 counterparts in the bio-
medical sciences area of the exaination (372.1 in 2010 vs.
356.4 in 2011, p, 0.001). Given the generally high de-
gree of consistency across years, we chose to focus the
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remainder of our analysis on the combined 2010 to 2011
data. However, because of the significant difference in
biomedical science scores, an analysis of PCOA per-
ceptions and scores yielded results extremely similar to
those using the complete panel. In addition, an analysis
comparing students’ perceptions to PCOA percentile
rankings by year were also consistent with the aggre-
gated data and year-by-year analyses of overall PCOA
scores.

We conducted parametric (Pearson) and nonpara-
metric (Spearman) correlations between content areas
(interscale correlations) andwhen linking student percep-
tions with actual competencies as measured by PCOA
scores. Because the parametric and nonparametric corre-
lations were extremely similar in sign, magnitude, and
significance, we focused primarily on the Pearson corre-
lations. Correlations between the total PCOA scale score
and the 4 domain area scores were all significantly corre-
lated (p , 0.001). Moreover, the signs and magnitudes
of these correlations were all roughly similar to national
figures reported by the NABP. For example, the Pearson

correlation between the score on the biomedical sciences
domain and the score on the pharmaceutical sciences
domain was 0.623 for the COPNAS data compared to
0.636 for the 2011 national data.16 There were signifi-
cant correlations between the students’ perceived com-
petencies related to the biomedical sciences and 3 actual
scores (correlation in parentheses): total PCOA score
(0.196), biomedical sciences (0.208), and pharmaceutical
sciences (0.264). No other correlations between per-
ceived and actual competencies were significantly dif-
ferent from actual scores. A moderate but significant
correlation exists between students’ perceived compe-
tencies in the 4 domain areas. These correlations were
all positive, and ranged from 0.371 (perceived social/
administrative and perceived biomedical competencies)
to 0.534 (perceived clinical and perceived pharmaceutical
science competencies).

DISCUSSION
Data from Curriculum Quality Perception Surveys is

required to assess 25 out of the 30 accreditation standards,

Table 1. Variable Names, Definitions, and Descriptive Statistics Used in a Comparison of Pharmacy Students’ Perceived and
Actual Knowledge Using the Pharmacy Curricular Outcomes Assessment (n 5 132)

Variable Description
COPNAS,
Mean (SD)

2011 PCOA
Population,

Mean/Percentilea Pb

PCOA Test Results

TotalSC Total PCOA scale score 359.6 (48.3) 340 ,0.001
BiomedSc Basic biomedical sciences scale score 363.9 (53.4) 326 ,0.001
PSciSc Pharmaceutical sciences scale score 346.3 (49.5) 337 0.031
SocSC Social/behavioral/administrative scale score 361.2 (74.6) 336 ,0.001
ClinSc Clinical sciences scale score 373.2 (60.5) 357 0.002

PCOA Test Result
Percentiles

TotalP Total PCOA percentile for the program year 60.9 (23.9) 50 0.012
BiomedP Basic biomedical sciences percentile for the program year 65.7 (22.2) 50 ,0.001
PSciP Pharmaceutical sciences percentile for the program year 55.1 (25.5) 50 0.245
SocP Social/behavioral/administrative percentile for the

program year
58.5 (26.3) 50 0.051

ClinP Clinical sciences percentile for the program year 58.1 (25.1) 50 0.063
Student Perception

Survey Variables

PercBiomed Average perceived competency scale for basic
biomedical sciences

3.1 (0.4) 3 0.093

PercPSci Average perceived competency scale for
pharmaceutical sciences

3.0 (0.5) 3 0.933

PercSoc Average perceived competency scale for
socio-behavioral-administrative sciences

3.2 (0.4) 3 ,0.001

PercClin Average perceived competency scale for clinical sciences 3.4 (0.4) 3 ,0.001

Abbreviations: PCOA 5 Pharmacy Curricular Outcomes Assessment.
a Percentile results are tested as proportions rather than percentages.
b As determined by z test.
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including Standard No. 15, Assessment and Evaluation
of Student Learning and Curricular Effectiveness.3 Us-
ing data from perception survey instruments to evaluate
program quality can be problematic if student percep-
tions are inaccurate. The purpose of this study was to de-
termine whether a correlation exists between COPNAS
third-year PharmD students’ perceived and actual phar-
macy knowledge as assessed by the PCOA.We chose the
PCOA as an external measure of pharmacy knowledge
for several reasons. The PCOA is a national standardized
progress examination that has been administered to over
9,000 pharmacy students since 2007 (G. Johannes, PCOA
Manager, NABP, e-mail, May 6, 2011). Also, national re-
sults from the 2007 to 2011 administrations showed that
the internal reliability coefficient, reported as a Cronbach
alpha for raw scores from the entire assessment, has re-
mained high (0.90 to 0.93).16 Finally, content on the ex-
amination corresponds to the PharmD core curriculum as
identified by ACPE, and theoretically, should match the
curriculum of other accredited pharmacy programs.

Because we administered the PCOA as a low-stakes
examination, which is generally the case with progress
examinations in other pharmacy programs, we were con-
cerned about students’ motivation to perform to the best
of their ability.17 Therefore, besides the individualized
formative feedback on strengths and weaknesses, stu-
dents were offered small incentives in the form of a free
lunch, extra days off from APPEs, and the chance to re-
ceive a free pre-NAPLEX practice examination. While

these incentives did not guarantee that all students gave
maximum effort, they reduced the likelihood that stu-
dents failed to take the examination seriously. The fact
that our scoreswere near national averages (Table 1) also
suggests that COPNAS students were taking the examina-
tion just as seriously and making as great of an effort as
students at other US pharmacy colleges and schools.

Students rated their knowledge near or slightly above
the middle of the perception range in each of the 4 do-
mains (Table 1), with the clinical and social sciences
perceptions significantly (p , 0.001) higher than the
midpoint. Thus, students appear to be more confident of
their knowledge in the clinical and social sciences than
that in biomedical and pharmaceutical sciences. Biomed-
ical and pharmaceutical sciences are taught earlier in the
COPNAS PharmD program (eg, first and second years),
whereas social and clinical sciences content is presented
primarily in the third year, which may explain students’
higher confidence level regarding material in those do-
mains. As a group, students’ ratings of their level of knowl-
edge appeared to be consistent as evidenced by the
moderate but significant inter-scale correlations between
student perceptions for each of the 4 content domains. This
consistency in perceptions among studentsmay be second-
ary to the fact that all of them were educated within the
same PharmD program and curriculum.

Comparing student’s perceptions and actual PCOA
scores for each of the 4 domains revealed a weak but
significant correlation only with the biomedical sciences.

Table 2. Differences by Year and Content Area of Pharmacy Students’ Scores on the Pharmacy Curricular Outcomes Assessment
(N 5 132)

Variable
2010 (n = 63),
Mean (SD)

2011 (n = 69),
Mean (SD)

ANOVA
Probability

Kruskal-Wallis
Probability

PCOA Test Results

TotalSC 355.8 (58.2) 363.0 (37.1) 0.399 0.588
BiomedSc 372.1 (60.6) 356.4 (44.9) 0.092 ,0.001
PSciSc 343.3 (57.7) 349.1 (40.9) 0.502 0.506
SocSC 351.5 (78.1) 370.1 (70.6) 0.152 0.288
ClinSc 362.9 (68.6) 382.7 (50.7) 0.060 0.253

PCOA Test Result Percentiles

TotalP 57.9 (26.3) 63.6 (21.4) 0.169 0.278
BiomedP 65.4 (23.6) 65.9 (21.1) 0.901 0.929
PSciP 52.4 (27.9) 57.5 (23.6) 0.249 0.330
SocP 55.1 (27.7) 61.6 (24.8) 0.152 0.187
ClinP 54.8 (26.1) 61.1 (23.9) 0.147 0.228

Student Perception Survey Variables

PercBiomed 3.0 (0.4) 3.1 (0.4) 0.425 0.639
PercPSci 3.0 (0.5) 3.0 (0.5) 0.478 0.730
PercSoc 3.2 (0.4) 3.2 (0.4) 0.897 0.573
PercClin 3.4 (0.5) 3.4 (0.4) 0.703 0.849

Abbreviations: PCOA 5 5 Pharmacy Curricular Outcomes Assessment.
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In all other cases, there were no significant associations
between what students thought they knew about the sci-
ence of pharmacy and actual knowledge as measured by
the PCOA. Although students rated their knowledge of
pharmaceutical sciences near to the midpoint of the per-
ception range and their actual mean scaled score in the
pharmaceutical science domain was no different than the
national mean (Table1), the correlation failed to reach
significance. Likewise, even though students perceived
themselves as more knowledgeable in the clinical and
social sciences, there was no correlation between what
students thought they knew and actual PCOA score. This
implies (but does not prove) that students overestimated
their abilities in the clinical and social sciences domains.
Also, the lack of correlation or presence of only a weak
correlation between perceived and externally measured
knowledge seen in our study is similar to that reported in
studies of students in other health science training pro-
grams.5-11 The tendency of pharmacy students to over-
estimate their own abilities was reported in a study of
117 senior-levelBSPharm students.6 Interestingly, in that
particular study, students with the lowest measured per-
formance consistently overestimated their clinical knowl-
edge by the largest percentile, while those scoring the
highest actually underestimated their performance.6 These
results seem to suggest that more emphasis should be
placed on external measurement rather than on students’
perceptions to evaluate the curricular effectiveness of
the PharmD program. The data contained in Table 1 and
Table 2 also suggest, but do not prove, that COPNAS is
representative of other ACPE-accredited programs. As-
suming this is true, those programs as well as ACPE may
also find that external measurements such as the PCOA
are more informative than survey data.

Evaluating competency by examination is a recog-
nized educational method that can be configured to as-
sess knowledge (eg, paper/pencil examination) or ability
and skill performance (eg, simulations). An increasing
number of pharmacy programs are developing their own
progress examinations to be administered at one or more
points in the curriculum to assess knowledge acquisition
and retention.18 Potential disadvantages associated with
this practice include faculty time commitment, difficul-
ties in validating results, and inability to compare results
with other programs. Limitations to using the PCOA as an
external measure have been reported and include cost,
lack of participation among schools, variability in student
motivation, and differences in curriculum structure.19

However, compared with program-specific progress ex-
aminations, the PCOA has the potential to provide bench-
marking comparisons between programs andmay bemore
cost effective in the long run if more schools participate.

CONCLUSION
The purpose of this study was to determine whether

a correlation exists between third-year NDSU PharmD
students’ perceived and actual pharmacy knowledge as
assessed by the PCOA. This study showed a lack of cor-
relation between what students perceive they know and
what they actually know in the areas of pharmaceutical
science, social and behavioral administration, and clini-
cal sciences. Therefore, student perceptions of curricular
quality may be inaccurate and additional standardized
measures are needed to assess curricular effectiveness
and allow for comparisons among pharmacy programs.
Despite its limitations, the PCOA examination may pro-
vide a better measure of curricular effectiveness and
thereby allow for a more objective decision making in re-
gards to curriculum development and quality improvement.
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