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Objective. To determine the association between pharmacy practice didactic course examinations and
performance-based assessments with students’ performance during their advanced pharmacy practice
experiences (APPEs).

Methods. This retrospective analysis included data from the graduating classes 0of 2018 to 2020. Students
were coded as APPE poor performers (final course grade <<83%) or acceptable performers. Assessments
in pharmacy practice didactic and skills-based courses in students’ second and third years were included
in the analysis, with thresholds correlating to grade cutoffs. The association between poor performance
mean examination scores and performance-based assessments with APPE performance was calculated.
Results. Of the 403 graduates, analysis sample sizes ranged from 254 to 403. There were 49 students
(12%) who met the criteria for poor performance in the APPE year. When comparing pharmacy practice
didactic course performance to APPE poor performance, the proportion of mean examination scores that
were <83% for six of the seven pharmacy practice didactic courses was significant; five of the seven
mean examination scores were significant at the <78% threshold. Performance-based assessments that
were significantly associated with APPE poor performance often required critical thinking.

Conclusion. A gap in identification of students with APPE poor performance who did not fail a didactic
course was demonstrated. Specifically, this finding suggests that pre-APPE curriculum should focus on
assessments that include critical thinking. These methods could be used by other pharmacy programs to
find components of their curricula that help identify students who need additional support prior to the

APPE year.

Keywords: advanced pharmacy practice experience, skills-based assessment, academic performance,

pharmacy practice

INTRODUCTION

It is crucial for schools and colleges of pharmacy to
promote student success in advanced pharmacy practice
experiences (APPEs) by monitoring student performance
in the pre-APPE curriculum and providing remediation as
needed." When students require remediation prior to or
during APPEs, that remediation requires intensive time and
resources.” Determining a process that guides remedia-
tion decisions could help programs in planning for and
appropriately allocating limited resources. This begins
with identifying factors within the pre-APPE curriculum
that are associated with student performance during APPE:s.
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Thus far, evaluations that have examined performance
in the pre-APPE curriculum have centered on entrance
demographics and end-of-semester outcomes, such as a
failed course or examination, and their relationships to
APPE readiness or performance. Call and colleagues ex-
amined a range of factors, including grade point average
(GPA), course grades, performance-based assessment and
examination scores, professionalism issues on introductory
pharmacy practice experiences (IPPEs), and academic
honor code violations.* Nyman and colleagues analyzed
the predictive value of student demographics, along with
admission and didactic performance measures.” Both of
these studies found that two factors correlate to APPE
readiness more than others: aggregate pharmacy education
knowledge-based variables and the entering age of stu-
dents (more than skills-based variables, admission mea-
sures, or other student demographics).*>
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Medical educators have also examined indicators that
are predictive of medical student performance. Efforts
have focused on four general categories, including demo-
graphics (eg, gender), other background factors (eg, col-
lege major), performance/aptitude (eg, medical college
admission test scores), and noncognitive factors (eg, curi-
osity).®!® The pass-fail grading system used by many
medical schools makes it challenging to identify perfor-
mance predictors within preclerkship curricula. An evalu-
ation at Harvard Medical School examined the association
between frequency of first-year medical students’ perfor-
mance in the bottom quartile on major examinations and
subsequent academic and clinical performance. The num-
ber of appearances in the bottom quartile in year one was
associated with poor performance on knowledge-based
assessments and poor clinical performance during experi-
ential rotations."!

The literature has provided mixed results on the asso-
ciation between performance-based assessments within
skills-based courses, which are fundamental components
of Doctor of Pharmacy (PharmD) curricula, and APPE
readiness. Additionally, despite these previous evalua-
tions, some students perform poorly during their APPE
years and are not identified in the pre-APPE curriculum.
This current evaluation aims to determine the association
between pharmacy practice didactic course examinations
and performance-based assessments with students’ perfor-
mance during their APPEs.

METHODS

The University of Wisconsin-Madison School of
Pharmacy is a four-year PharmD program. The first three
years of the program include didactic coursework, skill-
based coursework, and IPPEs. Throughout students’ sec-
ond (P2) and third (P3) years in the program, students
are required to take seven didactic pharmacy practice
courses, including pharmacokinetics, pharmacotherapy
(four courses), nonprescription medications, and drug lit-
erature evaluation. Across the didactic courses, student
assessments consist of examinations and lower-stakes
assignments, such as problem sets and quizzes. The phar-
macy practice skills-based course series beginning in the
second year of the program includes the Integrated Phar-
macotherapy Skills courses (I-IV). The skills-based courses
prepare students for APPEs through practice and skill
development, along with formative and summative assess-
ment of pharmacy practice skills through simulated patient
and provider encounters.'* Each of the Integrated Pharma-
cotherapy Skills courses consist of approximately eight
one-hour discussions and eight three-hour laboratory ses-
sions spaced throughout the semester. For this analysis,
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didactic and skills-based courses related to the pharmacy
practice sequence were included. The courses and variables
are further described in Appendix 1."*"'* Briefly, for this
analysis, unweighted mean examination scores were used
as the primary indicator for didactic course performance.
During the fourth year of the program (the APPE year), stu-
dents are expected to care for patients in various clinical set-
tings, primarily across Wisconsin, with supervision from a
licensed pharmacist. The APPE year is made up of the four
required core APPEs per the 2016 Standards (ie, acute care,
ambulatory care, community pharmacy, and health-system
pharmacy) and three to four elective rotations, which are
each six weeks in duration.

This evaluation is a retrospective analysis of data
from the graduating classes of 2018, 2019, and 2020. Data
were extracted from the University of Wisconsin-Madison’s
learning management system and an established online
clerkship database. The last APPE for the graduating class
of 2020 was dropped from this analysis, given the changes
to rotations and stress associated with the onset of the
COVID-19 pandemic. In order to preserve the greatest num-
ber of students, all students were included in the analysis,
regardless of progression irregularities. Due to progression
and the mixed availability of data (due to a campus change
in learning management systems and curricular changes),
there were several instances of missing data, including one
semester’s data in one course. While all students were
retained in the analysis, there was no imputation for miss-
ing data.

To prepare the data for analysis, the student database
with final APPE scores was coded to differentiate APPE
poor performers from APPE acceptable performers. In
order to better identify students at risk of poor performance,
higher mean examination-score thresholds of <<78% and
<83% were used as opposed to using a traditional defini-
tion of failure. Students scoring <<83% were coded as poor
performers. All other students (ie, those who scored
= 83%) were considered acceptable performers. Simi-
larly, data were coded to identify poor performers in seven
didactic courses and four skills-based courses (Appendix 1).
For didactic courses using mean examination scores, two
thresholds of <<83% and <<78% were used to define poor
performers, as these are the lower thresholds used by the
campus for a grade of B (ie, GPA of 3.0) and BC (ie, GPA
of 2.5), respectively (ie, with <83%, a student would earn
less than a B and be considered a poor performer for
this analysis). For performance-based assessments, two
thresholds of <78% and <70% were used, as these are
the cutoffs used by the campus for a BC and C (ie, GPA of
2.0), respectively. Compared to the didactic cutoffs, the
thresholds for performance-based assessments were low-
ered to allow for better identification of students who were
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struggling and for greater generalizability to institutions
who use a pass-fail grading system for higher-stakes
performance-based examinations. Students who received
less than a C in at least one didactic course were also iden-
tified as poor performers.

Descriptive statistics were calculated. Fisher exact
tests were used to evaluate the relationship between poor
performance in didactic courses and performance-based
assessments with APPE poor performers, as both the inde-
pendent and dependent variables were binomial. A suba-
nalysis using the Fisher exact test was performed to
understand the relationship between the number of didac-
tic courses in which a student performed poorly on mean
examination scores and APPE poor performance. A sensi-
tivity analysis was performed using logistic regression,
including all didactic courses for the outcome of APPE
poor performance. All data management and analyses
were conducted using StataSE 16 (StataCorp LLC). The
University of Wisconsin-Madison Educational Institu-
tional Review Board certified this work as a quality assur-
ance project.

RESULTS

For the graduating classes of 2018, 2019, and 2020,
403 students graduated from the program. However, due
to progression and data availability, sample sizes for indi-
vidual analyses ranged from 254 to 403. There were 49
students (12%) who met the criteria for poor performance
in the APPE year. Of those 49 students, 38 students per-
formed poorly in one APPE, six performed poorly in two
APPEs, four performed poorly in three APPEs, and one
performed poorly in five APPEs. There were six unique
students who failed one APPE during their fourth year.
Over the three graduating years, there were 18 APPE rota-
tions where students received a grade of <83% in the
graduating class 0f 2018, 20 in 2019, and 29 in 2020. Dur-
ing this period, all students who began APPEs graduated.

When comparing didactic course mean examination
scores to APPE performance, nine APPE poor performers
(18.4%) and 21 APPE acceptable performers (6%) earned
less than a C in any didactic course (p=.006). At both the
<83% and <78% thresholds, there was a significant dif-
ference between the number of pharmacy practice didactic
mean examination scores on which students performed
poorly and performing poorly in APPEs (Figure 1).

When reviewing the relationship between didactic
mean examination scores and APPE performance, the pro-
portion of didactic poor performers was significantly higher
among APPE poor performers compared to APPE accept-
able performers (Tables 1 and 2). This was consistent at
both thresholds, with six of the seven pharmacy practice
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didactic courses at the <<83% threshold and five of the
seven courses at the <<78% threshold. The sensitivity logis-
tic regression analysis confirmed the primary analysis in
that the same six courses were significant and maintained a
positive relationship between didactic and APPE perfor-
mance (ie, students with a <83% mean examination score
were more likely to perform poorly in APPEs).

Across the skills-based courses, each semester of the
skills-based curriculum included performance-based assess-
ments that were significant as well as assessments that were
not significant (Tables 3 and 4). Assessments that tended to
be significant required critical clinical thinking by the stu-
dent. Additionally, assessments were more likely to be sig-
nificant the first time a skill was summatively assessed,
while on subsequent similar assessments, students tended to
perform without differentiation in the APPE year.

DISCUSSION

This evaluation found that students may be identified
for future poor performance on APPEs by assessing multi-
ple markers of performance within didactic and skills-
based courses. Specifically, this analysis highlights that
there are opportunities to identify students at risk of poor
performance on APPEs in the absence of failing a course,
suggesting that there has been a gap in identifying these
students. In order to better identify students at risk of poor
performance in an APPE, we used higher mean examination-
score thresholds of <78% and <83%. The risk of APPE
poor performance for students in this new score range was
greater when students repeatedly scored between 70% and
83%. We also found that poor didactic performance was
associated with APPE poor performance, strengthening this
known relationship.** By using a higher threshold, additional
at-risk students could be easily identified through early warn-
ing and intervention systems. Pharmacy programs could
intervene earlier to help at-risk students address deficits in
knowledge and skills in a consistent and coordinated manner.

Skills-based items that correlated to APPE perfor-
mance were related to the application of content and criti-
cal thinking. Examples of this include identification and
resolution of drug-related problems and clinical documenta-
tion, as compared to communication and physical assess-
ment skills (ie, blood pressure and heart rate measurement),
which do not require the same level of critical thinking.
This illustrates the importance of assessment using direct
observation of skills, and the importance of these activities
in the curriculum. This finding is inconsistent with the con-
clusions of Call and colleagues, as they recommended
against the use of performance-based assessments as a deter-
minant of progression, as they did not find an association
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Figure 1. Number of poor didactic examination means by APPE performance. The numbers 0-7 on the x-axes indicate the num-
ber of courses with mean examination scores less than the defined threshold. The numbers above the bar chart indicate percent-
age of students. Abbreviations: APPE=advanced pharmacy practice experience.

between skills practicum failure and poor performance on
APPEs*

As compared to previously published literature, we
evaluated variables within pharmacy practice courses at
a more granular level, particularly within skills-based
courses, and we were able to determine that some activi-
ties that were significant for APPE performance in earlier
skills-based courses were no longer significant in later
courses.” This suggests that the students who struggle with
critical thinking and the application of new skills in the
pre-APPE curriculum may struggle when progressing to
the APPE year, when they are expected to perform skills
in a new environment with potentially new disease states
and higher patient complexity, and with higher stress from
patient care implications. Additionally, the discrepancy
between this work and Call and colleagues may be due
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to how performance-based assessments were scored and
which assessments were evaluated in this analysis. Call
and colleagues used a pass-fail grading scheme, while our
evaluation used point-based grading, which allowed for
evaluation at specific and higher thresholds (<78% and
<70%).* By using a point-based system, applying higher
performance thresholds, and assessing multiple skills within
a semester, there is opportunity to identify students at risk of
poor performance on APPEs, beyond their performance on
a single summative assessment.

As required by accreditation standards, our institu-
tion’s early warning and intervention policy allows faculty
to identify and address academic deficiencies on a course
level to promote successful student completion of a course. !
The results of this evaluation suggest these current
early warning policies could be refined to look beyond
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Table 1. Relationship Between Didactic Mean Examination Scores and APPE Poor Performers at <83% Threshold
<B grade threshold (<83%)

Frequency of
didactic PP

Frequency of

Frequency of Frequency of didactic AP

Proportion didactic PP didactic PP and APPE PP and APPE PP

of didactic and APPE PP and APPE compared to compared to

PP <83%, (n=49), AP (n=351), overall didactic overall didactic
Course/item N No. (%) No. (%) No. (%) p value PP, No. (%) AP, No. (%)
PK examinations 396 241 (61) 38 (78) 203 (58) .001 38 (16) 11 (7)
Therapy I examinations 396 195 (49) 31 (63) 164 (47) .009 31 (16) 18 (9)
Therapy II examinations 397 141 (36) 22 (45) 119 (34) .064 22 (16) 27 (11)
Drug Literature examination 398 132 (33) 27 (55) 105 (30) <.001 27 (20) 22 (8)
Nonprescription examinations 397 34 (9) 12 (24) 22 (6) <.001 12 (35) 37 (10)
Therapy III examinations 394 112 (28) 23 (47) 89 (25) .001 23 (21) 26 (9)
Therapy IV examinations 403 145 (36) 28 (57) 117 (33) .001 28 (19) 21 (8)

course-level student deficiencies and track student perfor-
mance on a variety of formative and summative evalua-
tions longitudinally across the curriculum. Other schools
and colleges of pharmacy can apply similar analyses to
determine specific assessments that correlate to their stu-
dent APPE performance, with the goal of incorporating
the assessments they identify as predictive into their early
warning systems. However, other programs will need
to identify meaningful and useful thresholds for their

may benefit from early intervention. For example, instruc-
tors may improve student outcomes by focusing resources
on support and remediation for students with poor perfor-
mance on those assessments that correlate with poor perfor-
mance on APPEs. Student advisors and course coordinators
can share their findings with students to encourage student
self-reflection, metacognition, and improved performance.
Curriculum and assessment committees may wish to under-
take curricular mapping efforts and annual surveying of the

courses.
These items can be shared with multiple stakeholders,
with the goal of improving identification of students who

faculty to ensure identified assessments correlated with
APPE poor performance are maintained within a course
over time.

Table 2. Relationship Between Didactic Mean Examination Scores and APPE Poor Performers at <78% Threshold
<BC grade threshold (<78%)

Frequency of
didactic PP
within APPE

Frequency of
didactic AP

Frequency of Frequency of within APPE

Proportion didactic PP didactic PP PP compared PP compared

of didactic and APPE and APPE to overall to overall

PP <78%, PP (n=49), AP (n=351), didactic PP, didactic AP,
Course/item N No. (%) No. (%) No. (%) p value No. (%) No. (%)
PK examinations 396 147 (37) 24 (49) 123 (35) .025 24 (16) 25 (10)
Therapy I examinations 396 93 (23) 17 (35) 76 (22) .022 17 (18) 32 (11)
Therapy II examinations 397 49 (12) 9 (18) 40 (11) 11 9 (18) 40 (11)
Drug Literature examination 398 54 (14) 10 (20) 44 (13) .085 10 (19) 39 (11)
Nonprescription examinations 397 3(1) 24 1(0.3) .002 2 (67) 47 (12)
Therapy III examinations 394 36 (9) 10 (20) 26 (7) .003 10 (28) 39 (11)
Therapy IV examinations 403 62 (15) 14 (29) 48 (14) .006 14 (23) 35 (10)

Abbreviations: APPE=advanced pharmacy practice experience; PP=poor performer; AP=acceptable performer; PK=pharmacokinetics;
Therapy I-IV=Pharmacotherapy I-IV courses; APPE PP=students who scored <83% during an APPE.
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There were several variables impacting student perfor-
mance that we were unable to systematically evaluate. These
include students’ preferred learning styles, practice experi-
ence (eg, internships), mental or physical health challenges,
fixed or growth mindset, resilience and grit, and profession-
alism. The underlying factors contributing to poor perfor-
mance vary from student to student and may be multifaceted,
complex, and interconnected, making them difficult to quan-
tify. This provides an opportunity for pharmacy programs to
monitor student performance holistically across the curricu-
lum and identify underlying factors, both academic and non-
academic, for student poor performance. Other factors to
explore with a student include their study methods, learn-
ing needs, and potential assessment accommodations.' !’
This evaluation also showed that students performing con-
sistently in the BC/C range may perform reasonably well
on APPEs, which may be due to a variable not measured
or to the complexity of predicting performance. We did
not assess student performance in pharmaceutical sciences
or social and administrative sciences courses, because our
project focused on pharmacy practice courses. It may be
valuable to assess student performance across the entire
curriculum for a more holistic view.

Future directions of this work include refinement of
our current early warning and intervention policy, including
the addition or removal of items. Monitoring the rate of
APPE poor performers could substantiate the effectiveness
of the tracking, interventions, and remediation. Additionally,
assessment tools, rubrics, and weighting could be evaluated.
Lastly, assessment of student self-efficacy of pharmacy
practice skills could be used to triangulate the relationship
between didactic scores and performance in practice.

CONCLUSION

This evaluation demonstrated a gap in the identifica-
tion of students with APPE poor performance who did not
fail a didactic course or performance-based assessment.
These results could be used to facilitate student self-
reflection and improve motivation to promote successful
performance in APPEs. This process could also be used by
other schools and colleges of pharmacy to identify crucial
components within their curriculum in an effort to recog-
nize students in need of additional support and remediation
prior to the APPE year.
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Appendix 1. Pharmacy Practice Didactic and Skills-Based Course Descriptions and Related Variable Definitions

Course Name

Course Type

Variable

Definition

Fall P2 year
Pharmacokinetics
(PK)
Pharmacotherapy I

Integrated
Pharmacotherapy
Skills 1

Spring P2 year
Pharmacotherapy 11

Drug Literature
Evaluation
Integrated

Pharmacotherapy
Skills 1T

Fall P3 year

Pharmacotherapy III

Nonprescription
Medications
Integrated

Pharmacotherapy
Skills III

Lecture

Lecture

Skills-based course

Lecture

Lecture

Skills-based course

Lecture

Lecture

Skills-based course

PK examinations

Therapy I examinations

Skills I PBE consult,
communication

Skills I PBE consult,
content

Skills I PBE PPCP
activity

Therapy II examinations

Drug Literature
examination

Skills II PBE consult,
communication

Skills IT PBE consult,
content

Skills I PBE SOAP
note

Skills II BP/HR

Therapy 111
examinations

Nonprescription
examinations

Skills III PBE patient
case Presentation to
preceptor, content

Skills III PBE patient
case presentation to
preceptor,
communication

Average of examination scores on
pharmacokinetics

Average of examinations on
neuropsychology content (ie, migraine,
epilepsy, etc)

PBE communication rubric score on one
neuropsychology medication consult'?

PBE content rubric score on one
neuropsychology medication consult

PBE score on patient case related to
collecting and assessing information

Average of examination scores on
respiratory and cardiology content

Final examination score in drug literature
evaluation

PBE communication rubric score on two
medication consult (inhaler + HTN
medication)'?

PBE content rubric score on two medication
consult (inhaler + HTN medication)

PBE SOAP note rubric score (HTN +
lipids)"*

Rubric score on BP/HR measurement
assessment

Average of examination scores on
immunology, transplant, gastrointestinal,
renal, endocrine

Average of examination scores on
nonprescription medications content

PBE comprehensive patient case rubric
score (ambulatory care visit with patient
laboratory and PE assessment and
medication recommendations)

PBE verbal patient case presentation
evaluation rubric score (ambulatory care
visit with patient laboratory and PE
assessment and medication
recommendations)
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Appendix 1. (Continued)

Course Name Course Type Variable Definition
Skills IIT PBE verbal PBE provider interaction assessment rubric
provider score (verbal SBAR) (ambulatory care
communication visit with patient laboratory and PE
(SBAR) assessment and medication

Spring P3 year
Pharmacotherapy IV

Integrated
Pharmacotherapy
Skills TV

Lecture

Skills-based course

Skills III women’s
health consult, content

Skills IIT women’s
health consult,
communication

Therapy IV
examinations

Skills IV PBE patient
case presentation to
preceptor, content

Skills IV PBE patient
case presentation to
preceptor,
communication

Skills IV PBE patient
interview

Skills IV PBE SOAP
note

recommendations)"?

Content rubric score on one medication
consult (oral contraception) and response
to patient question on missed doses

Communication rubric score on one
medication consult (oral contraception)
and response to patient question on
missed doses'>

Average of examination scores on infectious
disease and oncology content

PBE comprehensive patient case rubric
score (complex critically ill patient with
multiple medical problems and a full
electronic health record)

PBE verbal patient case presentation
evaluation rubric score (complex critically
ill patient with multiple medical problems
and a full electronic health record)

PBE patient interview and education rubric
score (ambulatory care visit with patient
pain assessment and care planning)

PBE SOAP note rubric score
(documentation of ambulatory care visit
assessment and care plan)

Abbreviations: P2=second year of pharmacy school; P3=third year of pharmacy school; PK=pharmacokinetics; PBE=performance-based
examination; PPCP=Pharmacists’ Patient Care Process; HTN=hypertension, SOAP=subjective objective assessment plan; BP=blood pressure;
HR =heart rate; PE=physical examination; SBAR =subjective background assessment recommendation.
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