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Abstract

Objective: Pharmacy calculations are crucial for practice and licensure examinations. This study aimed to be the first to assess the
external validity of the correlation between an algebra-based pre-test, previously published, and calculation assessment
performances. A secondary objective was to identify variables associated with poor assessment performance.

Methods: An 18-item survey and an 18-question algebra-based pre-test were distributed to 144 first professional-year (P1)
candidates on the first day of their fall 2024’s semester. This was used to characterize student-specific variables (e.g. work
experience). The survey included dichotomous (yes/no) and rating (5-point Likert scale) items; the algebra-based pre-test included
open-response items. Data were analyzed using linear regression and logistic regression to determine variables associated with
passing (270%) or not passing (<70%) assessments. Pearson correlation coefficients were computed between the algebra-based pre-

test and assessment performance.

Results: Ninety-one candidates (63%) completed the survey, and 139 (97%) completed the algebra-based pre-test. Variables
associated with passing assessments (p<.05) included no prior work experience (adjusted odds ratio=6.6, confidence interval=1.3-
34.3) and algebra-based pre-test performance >15/18 points (adjusted odds ratio=5.9, confidence interval=1.6-21.8). Algebra-based
pre-test performance was moderately correlated with assessment scores (Pearson correlation coefficients: 0.47 for assessments one

and two, 0.4 for assessment three).

Conclusions: The algebra-based pre-test had a comparable correlation to assessment performance to previously published results
and could be a tool to identify those at risk for poor pharmacy calculation assessment performance across the academy. Future
studies warrant utilization of this algebra-based pre-test to target interventions to those at high risk of poor performance on

calculations content.
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Introduction

Licensed pharmacists must be able to perform pharmaceutical
calculations within their practice to ensure the efficacy and
safety of the medications they are dispensing. The National
Association of Boards of Pharmacy (NABP) acknowledged this
by contributing pharmacy calculations (formerly known as
domain 4) to 14% of the overall exam (31 of the 225
guestions) on the North American Pharmacist Licensure
Examination (NAPLEX) blueprint from January 2021 to April
2025.1 Unfortunately, the current blueprint does not have
pharmacy calculations as its own domain and has now been
made a subdomain under “Foundational Knowledge for
Pharmacy Practice”. The 2024 NAPLEX Calendar Year Report
showed that one-third of first-time test takers scored a “Far
below meeting the minimal performance” (11.1%) or “Below
meeting the minimum performance” (22.2%) on, domain 4,
the highest among any of the six domains of the assessment.?
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With the new NAPLEX domains, the transparency of
candidate’s performance on pharmacy calculations will be
severely diminished, and the domain’s disappearance should
not take away from the poor performance from candidates in
previous years on this critical skill. NAPLEX first-time pass rates
have had a downward trajectory across the academy and
reports of decreasing math skills among K-12 students in the
United States support the declining levels of math skills in
first-year pharmacy students and performance in courses
primarily assessing the ability to perform pharmacy
calculations.t3

Previous studies have looked at possible characteristics that
may predict success in calculation education with varying
characteristics of (PharmD) students being tested and
analyzed across different types of pharmacy programs, such as
0-6 direct entry PharmD programs, PharmD programs with a
Bachelor’s degree required, and programs with hybrid cohorts
of students.®19 Characteristics that have been analyzed
include pre-tests/pre-assessments performance, high school
GPA, undergraduate GPA, performance on American College
Testing (ACT)/ Scholastic Aptitude Test (SAT), age, Pharmacy
College Admission Test (which was sunset in January 2024),
prior high school math courses, and years since high school
graduation.®12 However, previous studies in this domain have
not administered and analyzed their methods across multiple
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colleges and schools of pharmacy (C/SOP), resulting in a lack of
certainty for what characteristics can universally predict
success in calculation education across all C/SOP that make up
the academy. Aronson et al. published a study conducted at
Raabe College of Pharmacy at Ohio Northern University (ONU)
which looked at a head-to-head analysis of the weight of some
positive and negative predictors of calculation-based
assessment performances, which included a calculation-based
pre-test and found a moderate correlation between the
variables.®

A call of action was recently published advocating for scholarly
work in pharmacy calculations and to find institutional
improvements for pharmacy calculations-based education.?
One way for institutional improvement in pharmacy
calculations-based education is to identify a tool that can be
used by the academy to accurately predict those at-risk for
poor performance on this topic. Following the creation of this
tool, interventions intended to increase performance of
pharmacy calculation-based assessments can then be
accurately measured for their efficacy on an appropriate study
population (those at-risk for poor performance). To properly
establish this tool, both positive and negative predictors need
to be established to correctly adjust a logistical regression
model to create an efficient, objective, and predictable tool.
The ability to predict assessment performance and perform
direct interventions has the potential to improve calculation
education, learning, and eliminate unhealthy anxiety, stress,
and poor performance in other courses in the curriculum for
students.?

The innovation in our study was looking at the capability and
the plausibility to objectively predict PharmD students at-risk
for poor assessment performance early in a course/semester
using a logistical regression model with multiple variables. By
accurately predicting individuals at-risk, it may provide an
opportunity for faculty to provide individualized interventions
to students during the early weeks of the of the semester. In
turn this, theoretically, enables students to have more time to
focus on these interventions compared to after assessments
are administered where their workload may already exceed
their capacity, or not have the capacity to participate in
interventions.

For this scholarship, we first needed to show correlation to the
performance of the pre-test used in Aronson et al. to our
institutions assessment performances.® Then, we explored the
ability of creating a tool to predict PharmD students at-risk for
poor performance on pharmacy calculation-based
assessments, using PharmD students at our institution, by
analyzing multiple student variables, in addition to the pre-
test used in Aronson et.al, in a logistical-regression model.

Methods

Study Setting

This study was exempt from the Institutional Review Board
and is an observational study that looked at performance of
pharmacy calculation-based assessments. At our institution,
Pharmacy Calculations is a 2.5-credit course that is
administered during the first semester of the first year of the
pharmacy curriculum and is required to complete with a
passing grade to continue to take courses in the second
professional year (P2) curriculum. The course assessments we
examined consisted of three noncumulative assessments (12%
of total grade each) and a final summative exam (48%). The
course focuses on prescription interpretations and basic math
(conversions, ratios, exponents, etc.) on assessment 1;
Compounding (density, parts per million, etc.), electrolyte
solutions, and ionizations on assessment 2; And calculations
involving prescriptions (flow rates, drop factor, dosage
calculations, etc.), and clinical calculations (body mass index,
body weight, renal function, and absolute neutrophil count)
on assessment 3. Other components of the course that
contributed to overall class percentage was collaborative
based learning (CBL) (12%) and peer evaluations from the CBLs
(4%). Our institution uses an HSU grading scale in its
curriculum with an “H” (Honors) being achieved with a 290%,
“S" (Satisfactory) being 70-89.9%, and “U” (Unsatisfactory)
being <70%.

Survey

First year (P1) students were invited to complete an eighteen-
item survey (Appendix A) and an eighteen-question proctored
algebra-based pre-test prior to the initiation of Pharmacy
Calculations. Students who repeated this course and students
that were pursuing a pharmaceutical sciences degree were
excluded from this study. The survey consisted of multiple-
choice type items, fill-in-the-blank, and Likert-scale items.
Data collected from this survey included prior higher
education experience (no degree, bachelor’s degree, etc.),
year graduated high school, year of last math course, and paid
pharmacy work experience. Items were selected based on
previous variables that have been explored to correlate with
pharmacy calculation courses in previous research.%12

Algebra-based Pre-test

This pre-test consisted of 17 free response, math problems
and one select-all-that-apply type of question. Partial credit
was not given for incorrect answers. The questions were
categorized as percent, pharmacy proportion, basic
proportions, unit analysis, and advanced pharmacy problems.
This algebra-based pre-test was first created by faculty at ONU
for their program, which at the time of publication, was
exclusively a 0-6 direct entry PharmD program with students
taking the pre-test prior to their pharmacy calculation-based
course. This course was administered in the third semester of
their program. In contrast, our institution’s program is a 4-year
program that accepts a mix of those with 2-3 years of
undergraduate experience, bachelor’s degrees, and other
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paths. The algebra-based pre-test was administered prior to
their first lecture of Pharmacy Calculation in the first semester
of the PharmD program. Mirroring ONU’s administration of
the electronic algebra-based pre-test, our institution allowed
calculators, scratch-paper, writing utensils and 20-minutes to
complete the pre-test.

Statistical Analysis

Descriptive statistics were used to characterize the survey
responses, pre-test, and assessment performances.
Parametric and nonparametric testing was used as
appropriate to find significant differences in characteristics
between students who passed all non-cumulative assessments
and students who failed one or more non-cumulative
assessments. Logistic regression modeling used student
characteristics to find association with failure (<70%) of any of
the non-cumulative assessments. The model utilized
characteristics meeting a threshold with a p<0.2 on the
bivariate comparison. Then characteristics were eliminated
from the model in a backwards stepwise manner based on
significance until only significant predictors remained based on
a p<0.05. Linear regression modeling was used to understand
the correlation between pre-test and assessment
performances. Pearson correlation coefficients were
computed between pre-test and assessment performances.
Statistics were computed using SAS, version 9.4 (SAS Institute
Inc., Cary, NC).

Results

One hundred thirty-nine of the 144 students (97%) completed
the pre-test, while 91 students (63%; 91 of 144) completed
both the pre-test and survey. Of the 91 students, 15 of those
students (19%) failed one or more non-cumulative assessment
in the course. Performance on the pre-test and the
assessments can be found in Table 1. The mean score of the
pre-test in the group without a failed assessment was 15.6
(SD=+2.5), while the group with one or more failed
assessments was 12.3 (SD=+3.2) (p<.001). Survey data
collected can be found in Table 2, which compares those
without a failed assessment to those with at least one failed
assessment. Table 3 shows the frequency of failed
performances of non-cumulative assessments. Two students
failed all three assessments with pre-test scores of 8 and 9,
while three students failed two (pre-test scores 10, 11, 15),
and the remaining 10 students had one failing performance.
Characteristics with statistical difference (p<.05) between
groups on an adjusted logistic regression model (adjusting for
pharmacy work experience or none, and pre-test score)
included no prior work experience and pre-test performance
greater than 15 out of 18 points (83%), which both correlated
to an increase in the likelihood of no failed assessments
(adjusted odds ratio [aOR]=6.6, Cl=1.3-34.3 and aOR=5.9,
Cl=1.6-21.8). Additionally, when looking at a pre-test
performance of 14 out of 18 points (78%) it also correlated to
an increase in the likelihood of no failed assessments
(aOR=16.9, CI=3.5-82.6) as well as 16 out of 18 points (89%)

(aOR=10.4, CI=2.1-52.8). No differences were found in the
comparator groups rates of students’ prior higher education
experience, whether they’re early admits (2 years + 4 years),
bachelor’s degree holders, or non-traditional (coming from the
workforce, took gap years, etc.).

Table 1. Pre-test and Assessment Performance of 139 First

Year PharmD Students

Assessment Range Mean Median
Pre-test (points) 0-18 15.2 16.0
Assessment 1 (%)* 0-100 89.7 88.5
Assessment 2 (%)* 0-100 85.5 92.0
Assessment 3 (%)* 0-100 88.7 91.0
Average Assessment 1-3 (%) 0-100 87.9 90.1
Final Summative Assessment (%) 0-100 86.6 90.0

*Non-Cumulative Assessments

Table 2. Frequency of Characteristics Among Comparator

Groups
No failed One or .
. more failed Total
Characteristic assessmen P-value
ts (n=76) assessments (n=91)
(n=15)
Pre-test Performance [n (%)]
14
<13 6(7.9) 8 (53.3) (15.4)
14 12
11 (14.5) 1(6.7) (13.2) o1
15 19 .
15 (16.7) 4(26.7) (20.9)
46
216 44(57.9)  2(13.3) (50.5)
Work experience [n (%)]
Paid pharmacy 56
experience 43 (56.6) 13 (86.7) (61.5)
No paid 35 0.04b*
pharmacy 33 (43.4) 2 (13.3)
: (38.5)
experience
Years since last math course [n (%)]
26
<1 24 (31.5) 2(13.3) (28.6)
35 .
>1-<2 26(34.2)  9(60) (385 O
30
>2 26 (34.2) 4(26.7) (32.9)
Years since high school graduation [n (%)]
47
<2
- 39 (51.3) 8(53.3) (51.6)
10 .
3 7(9.2) 3(20) 1y OV
34
>4
= 30 (39.5) 4(26.7) (37.4)

*Statistically significant (p<.05)
a Kruskal-Wallis test
b Mann-Whitney U test
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When analyzing the performance of the 139 students (97%,
139 of 144) who completed the pre-test, Pearson correlation
coefficient (p<.001) was 0.47 for assessment 1 and 2, 0.4 for
assessment 3, 0.53 for the average noncumulative-
assessment, and 0.39 for the final cumulative assessment
performances to the pre-test performances. Linear regression
modeling showed correlation (p<.001) between the pre-test
performance and all other assessments' performances,
including the average performance of the three non-
cumulative assessments (Table 4). Standardized regression
coefficients of the linear regression model were statistically
significant for the variables/characteristics utilized (pharmacy
work experience and pre-test). The results from linear
regression models for the average non-cumulative assessment
performance and the final summative assessment are
displayed in Table 5.

Discussion

This study was able to show moderate correlation between
pre-test and all assessment performances at both C/SOP.® This
pre-test demonstrated comparable correlation between ONU
and our institution. Despite the different pharmacy curricula, a
correlation was observed between the timing of the initiation
of pharmacy calculation course (3" semester vs. 1t semester)
and demographic of students (direct entries from high school
vs. early admits [2 years +4 years] and bachelor’s degree
holders). Additionally, this study supports that an algebra-
based pre-test may independently predict students at risk for
poor performance of pharmacy calculation-based assessments
at our institution.

Multiple different thresholds are presented in the results
section, due to the exploratory nature of this study. It cannot
be determined with certainty, due to the study’s sample size,
the threshold (i.e., 13+ points, 14+ points, etc.) with superior
predictability to identify those at-risk for poor performance on
calculation-based assessments. However, when the lowest
end of the confidence intervals are analyzed, we can
determine that there is a 30% higher likelihood of students
passing all noncumulative assessments if they score 15 or
higher out of 18 on the pre-test compared to those that do
not. The 14- and 16-point thresholds also can be interpreted
conservatively as having a 250% increase and 110% increase of
not having a failing assessment.

PharmD students are required to obtain a minimum number
of hours of pharmacy experience that can differ among
different states.!* These differences among states do
encourage students to pursue paid pharmacy work
experiences in order to qualify for licensure in a given state
and to sit for a particular state’s MPJE to become a fully
licensed pharmacist. Paid pharmacy work experience data was
collected during the first week of the pharmacy curriculum
and may not accurately represent all students that were
working in a pharmacy by the end or throughout the
semester. Current evidence supports the negative correlation

found in our study between work experience and performance
in C/SOP.1>16 This variable needs to account for possible
confounders (total time working within semester, type of
pharmacy, responsibilities at worksite, etc.) and to properly
analyze and interpret the data for paid pharmacy work
experience’s negative impact on pharmacy calculation-based
assessments' performance more specific data will need to be
collected in future studies.

Correlation between the algebra-based pre-test performance
and pharmacy calculation-based assessment performance
were comparable to previously published results.® At our
institution we focused on the analysis of non-cumulative
assessments over the cumulative final assessment. Since the
final exam introduces no new content, students have already
been evaluated on the material and have had the opportunity
to learn from their previous performance. This shows that
despite differences in student population demographics,
timing of content in curriculum, and different courses, this
pre-test can still be used as a predictor for performance of
pharmacy calculation assessments. Additionally, our study
showed variables such as age, time since last math course, and
undergraduate GPA have been shown to correlate to success
at some C/SOPs, it may not at other C/SOPs, likely due to
different demographics of PharmD Candidates (e.g.
undergraduate experience, time since high school graduation,
etc.). The result of this study warrants future research for this
algebra-based pretest to be utilized by other C/SOP to create a
larger sample size with a variety of student baseline
characteristics, administration of pharmaceutical calculation-
based content, and assessment strategies for the logistical
regression model to derive from. Future research that
examines a broader sample of C/SOP and students may be
able to make a claim for this algebra-based pre-test to be a
predictive tool across all United States C/SOPs to identify
those at risk of poor performance on calculation education-
based assessments.

Innovations to current practice that can be made from the
results of this study include the ability to target the
administration of interventions at students with a baseline risk
for poor performance, measure the success of different
interventions, and allow for comparisons of different
interventions that are trialed across the academy at different
curriculums. It also allows for possible interventions to be
performed earlier in the semester (compared to waiting for
assessment results), prior to students’ workload peaking, and
in-turn can potential alleviate or eliminate anxiety, stress, and
poor performance in other courses.? This makes
implementing possible interventions into students' and
instructors’ schedules easier, as other responsibilities may be
limited earlier in the semester and waiting to implement
interventions later in the semester can interfere with other
responsibilities that tend to accumulate as the semester
progresses. Some possible interventions that could be
explored include, but are not limited to, group tutoring
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sessions, one-on-one tutoring sessions, additional practice
problems, targeted practice problems, and team-based
learning-based interventions.

One limitation of this study includes a small sample size which
led to large confidence intervals in the logistic regression
models. Although the odds ratios are statistically significant
for work experience and pre-test performance, the true
magnitude of the likelihood of a student having no failed
assessments based on these variables is still ambiguous.
Additionally, as is true for most studies that utilize survey data,
it is difficult to confirm the reported responses of respondents
for accuracy, such as prior paid work experience and with only
63% of the cohort completing both the pre-test and survey
there is potential for response bias in this study. Some
characteristics analyzed in this study may still be predictors for
pharmacy calculation-based assessment performances.
Further analysis and data collection is required to ensure that
confounders are identified and properly adjusted for and to
increase a proper sample size to evaluate the characteristic’s
impact or lack thereof on calculation education. Further
research needs to be carried out across the academy to find
other possible characteristics that show strong (or poor)
performances in pharmacy calculation-based assessments.3

Conclusion

Student characteristics should continue to be analyzed to
allow proper sample sizes to be obtained to analyze
relationships between them and ensure success in calculation
education. The characteristic of whether a student has paid
pharmacy work experience prior to the initiation of calculation
education may negatively correlate to the performance of
assessments on this material. Further scholarship is needed to
properly analyze confounders to understand the rationale
behind this correlation.

Future scholarship should consider use of an 18-item,
primarily, open-response pre-test, with similar rigor, style, and
design of the one developed by ONU, as it may be a
benchmark to help identify their sample with an increased
likelihood of failing pharmacy calculation-based assessments.
Future work analyzing the effects of interventions to increase
success in calculation education should be encouraged and
published.
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Table 3. Failed Assessments Characterized by Pre-Test Performance and Specific Assessment

Characteristic Assessment 1 Assessment 2 Assessment 3 Total
(n=7) (n=10) (n=5) (n=22)

Pre-Test Performance [n (%)]

<13 5(71.4) 6 (60) 3 (60) 14

14 1(14.3) 0 0

15 1(14.3) 3(30) 1(20) 5

>16 0 1(10) 1(20) 2

Table 4. Pre-Assessment and Assessment Performances’ Pearson's Correlation Coefficients of 139 First Year PharmD Students

Pre-test Assessment 1 [Assessment2 |Assessment 3 Average
Pre-test 1
Assessment 1 0.47* 1
Assessment 2 0.47* 0.54* 1
Assessment 3 0.4* 0.61* 0.58* 1
Average Assessment 1-3 0.53* 0.82* 0.86* 0.86* 1
Final Summative Assessment [0.39* 0.61* 0.59* 0.7* 0.75*

*All are statistically significant (p<.05)

Table 5. Standardized Regression Coefficients

Average Assessment 1-3

Final Summative Assessment

Standardized Regression p-  [Standardized Regression p-
Independent Variable Coefficient value Coefficient value
Pharmacy Work Experience  [-0.24 <.01 -0.05 <.01
Pre-test 0.53 <.01 0.36 <.01

*All are statistically significant (p<.05) correlated through linear regression modeling.
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Final Summative
Assessment 1-3 [Assessment
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