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Objective. To describe an evidence-based instructional design to improve performance and foster
retention of pharmacy students’ calculation skills longitudinally across the curriculum.
Methods. Gagne’s nine events of instructional design were employed in a longitudinal pharmacy
calculations curriculum. Mean pharmacy calculation examination scores from four courses span-
ning the didactic curriculum for four different academic years (before and after the redesign) were
compared.
Results. Students demonstrated more stable outcomes with consistently higher means after the
redesign, which may indicate improved retention. Additionally, the post-redesign classes have expe-
rienced fewer failures (score of ,80%).
Conclusion. Using an instructional design model to optimize immediate instructional outcomes is an
effective method of enhancing retention of calculation skills over time.
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INTRODUCTION
Calculations play an integral role within the phar-

macy profession and are an essential component of pro-
fessional degree foundational knowledge [Accreditation
Council forPharmacyEducation (ACPE) standards2016].1

Developing instruction that results in high levels of cal-
culations proficiency, retention of skills over time, and
transfer of skills to authentic settings is important to op-
timize pharmacist training and patient care. Numerous
studies of instructional strategies for calculations are re-
ported in the literature, indicating a need for and interest
in effective instructional interventions.2-10 Althoughmany
instructional strategies are effective in promoting immedi-
ate recall of learning, studies seldom address retention of
learning over time. Gagne’sConditions of LearningModel
aligns external instructional activities with the learner’s
internal cognitiveprocesses tomaximize learningoutcomes,
retention, and transfer.11

Brown and colleagues surveyed pharmacy programs
in the United States and, of the 72 program respondents,
found that 88% teach pharmacy calculations in the first
professional (P1) year and half of those teach pharmacy
calculations as a standalone course.2 Almost all (94%) of
the respondents used classroom live lectures to teach phar-
macy calculations with an average of 24.8 (1/- 18.1)

didactic hours. Only 16%of respondents reported formally
testing for retention annually.2 The traditional approach of
a standalone, single semester, live didactic approach in the
P1 year, may not be the bestmethod for ensuring retention.
The Center for Advancement of Pharmacy Education
(CAPE) 2013 educational outcomes recommended that
programs should use “integrated assessments to ensure that
students are retaining, integrating, and applying the knowl-
edge, skills, and attitudes.”12 In addition, ACPE standards
2016 emphasize the importance of assessment to improve
the quality of pharmacy education. Standard 10 discusses
the curriculum and the "reinforcement of content and the
demonstration of competency."1

With these goals inmind,WesternUniversity ofHeath
Sciences (WesternU) developed a pharmacy calculations
curriculum that addresses issues of reinforcement, integra-
tion, and retention. The purpose of this paper is to describe
an evidence-based instructional design adapted by the pro-
gram to foster retention of calculations skills longitudinally
across the curriculum and to evaluate the effectiveness of
the instructionalmethod at improving performance in phar-
macy calculations. The study investigators hypothesized
that with the implementation of the instructional design,
students will demonstrate retention of learning longitudi-
nally and failure rates would decrease over time.

METHODS
AtWesternU, pharmacy calculations was previously

taught for 10-15 classroom hours by a faculty member in
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the pharmaceutical sciences department during the sec-
ond semester of the P1 year. The pharmacy calculations
material was integrated into a pharmaceutics course.
Passing scores of 80% were required on a series of phar-
macy calculations assessments administered during that
course. However, the curriculum committee received
feedback from faculty members and experiential precep-
tors that many students did not demonstrate competence
in performing pharmacy calculations during subsequent
courses.

To remedy this, faculty members used an effective
instructional design. Gagne’s Conditions of Learning
Model has been identified as one of the most useful in-
structional design models.13 In this model, Gagne pro-
poses nine instructional events that correspond with
internal cognitive processes of the learner (Table 1). This
systematic approach to instruction promotes meaningful
learning, retention, and transfer of learning to appropriate
contexts.11 Use of instructional design in medical and
nursing education has been described in the literature.14

Miner and colleagues followed Gagne’s nine instruc-
tional events in developing instruction for every lesson

in a pre-licensure medical-surgical nursing course.15

Study of student performance and satisfaction over three
semesters indicated improved grades and course evalua-
tions. Students’ ratings of instructor preparedness, in-
structor mastery, instructor enthusiasm, and instructor
effectiveness improved significantly.

In 2010, WesternU changed the pharmacy calcula-
tions curriculum to enhance retention by changing the
standalone pharmacy calculation course to a longitudinal
curriculum. Three review didactic lectures and retention
exams were added throughout the second and third pro-
fessional years (P2 and P3) of the curriculum. Even with
these changes, approximately 10% to 20% of the students
consistently scored below passing (80% correct). There-
fore, in the academic year of 2014-2015, the instruction in
the spring P1 year course was revised to amore structured
and systematic approach modeled after Gagne’s nine
events in instructional design.

An overview of the newly designed longitudinal cal-
culations curriculum at WesternU using Howard Ansel
and Shelly Stockton’s Pharmaceutical Calculations text-
book can be found in Figure 1 and Table 2.16 Pharmacy

Table 1. How to Apply Gagne’s Nine Events of Instruction for Intellectual Skills15

Event Description

1. Gain attention Includes a range of possibilities from flashing the lights, welcoming students to the lesson,
asking a thought-provoking question, making a startling statement.

2. Inform students of the objectives Create expectancy and motivation for learning by stating why the lesson is important, what
the student will learn, and what the student should be able to do at the end of the lesson.
Good objectives include behavior, criterion, and condition.

3. Stimulate recall of prior learning Remind students of prerequisite concepts and related information that will allow them to
integrate the new learning.

4. Present the content Explain using a variety of examples and non-examples to teach new concepts.
Demonstrate new skills incorporating active learning strategies.

5. Provide learner guidance Integrate the new learning with existing knowledge to make the content meaningful to the
learner.

6. Elicit performance Practice can take different forms (eg, backward chaining) to strengthen cognitive
pathways to the newly learned inform.

7. Provide feedback Formative assessment allows students to practice and receive feedback with no or low
stakes. Only perfect practice makes perfect. Imperfect practice needs to be corrected.

8. Assess performance Summative assessment via quizzes and exams that match the learning objectives
reinforces learning and indicates stability of the learning.

9. Enhance retention and transfer Periodically using the new skill in a variety of contexts facilitates retention and transfer to
appropriate settings.
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calculations is not currently taught as a standalone course,
but accounts for 10% of the grade in each course (Spring
P1, Fall P2, Spring P2, and Fall P3). In the P1 year, con-
cepts and material from the textbook were taught didac-
tically. In the P2 and P3 years, a hierarchical approach
was developed, revisiting concepts taught in the P1 year
using increasingly complex problems. The focus was on
the recall and application of prior learning to more diffi-
cult problems to aid in retention of new concepts and to
increase transfer to appropriate contexts. Following is
a description of each event inGagne’s instructionalmodel
with examples from the calculations curriculum.

Event 1: Gain attention of the students. Gaining the
attention of learners can be accomplished in many ways,
such aswith a stimulus change, like a loudnoise, or a video
or by proposing a thought provoking question. Commu-
nicating a startling fact will also work. For example, dur-
ing the syllabus review students are informed that the
passing threshold for the course is 80%. This startling fact
is followed by a thought provoking discussion of why
80% may be too lenient. In addition, partial credit is not
awarded for incorrect responses. Students are told, if the
problem stated: “A physician prescribed amoxicillin
90mg/kg/day divided in 2 doses for a 2 y/o girl. You have
amoxicillin 400 mg/5 mL suspension bottles. How many
teaspoons every 12 hours would you tell the mother to
give her daughter?” Amother would not care if you knew
1 teaspoonwas 5mL.Althoughmany things in health care
and pharmacy are debatable, calculations is not one of
them.

Event 2: Inform students of the objectives. Objec-
tives tell the learners what they will be able to do after
instruction. Well-stated objectives provide a focus for in-
struction, guidelines for learning and assessment of learn-
ing, and criteria for assessment performance.17 Learning
objectives should focus on student performance, the end-
product for the learner, and not the subject matter or
instructor’s process.11 Objectives include the behavior,
criterion, and condition. For example, “To correctly per-
form calculations relevant to various drug doses and

dosing regimens on a written exam” includes the compo-
nents of an objective. The behavior is to “perform calcu-
lations,” the criterion is “correctly,” which is sometimes
implied, and the condition is on “a written exam." Objec-
tives also need to be presented in a way that motivates
learners to achieve that objective. When presenting the
objectives for calculations, reminding students that amis-
calculation in dose or "being off by a decimal point" could
result in fatality of a patient, provides motivation for
achieving that objective. Pre-instructional design change
there were no formal written objectives.

Event 3: Stimulate recall of prior learning. Begin
instruction by assisting students in recalling relevant prior
learning. The first 5-10minutes of each calculations class
includes 2-3 questions to stimulate recall of related prior
material. This foundational knowledge assists with the
integration of new learning into existing cognitive struc-
tures (ie, schema). Because pharmacy calculations prob-
lems build in difficulty and concepts are commonly
revisited, this step is particularly important. For example,
in chapter 15 of Pharmaceutical Calculations, students
learn dilutions of stock solutions.16 A problem reads,

Figure 1. WesternU Longitudinal Pharmacy Calculations
Curriculum.

Table 2. Book Chapters from Pharmaceutical Calculations
Covered in the Pharmacy Curriculum16

Chapter Title

1 Fundamentals of Pharmaceutical Calculations
2 International System of Units
3 Pharmaceutical Measurement
4 Interpretation of Prescriptions and Medication

Orders
5 Density and Specific Gravity
6 Percentage, Ratio Strength, and Other

Expressions of Concentration
7 Calculation of Doses: General Considerations
8 Calculation of Doses: Patient Parameters
9 Some Calculations Involving “Units,”

“mg/mg,” and Other Measures of Potency
10 Selected Clinical Calculations
11 Isotonic and Buffer Solutions
12 Electrolyte Solutions: Milliequivalents,

Millimoles, and Milliosmoles
13 Intravenous Infusions, Parenteral Admixtures,

and Rate-of-Flow Calculations
14a Enteral and Parenteral Nutrition, Body Mass

Index, and the Food Nutrition Label
15 Altering Product Strength, Use of Stock

Solutions, and Problem-Solving by
Alligation

Appendix A Common Systems of Measurement and
Intersystem Conversion

a(Nutrition) taught in therapeutics course with gastrointestinal dis-
orders
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“A pharmacist mixes 100 mL of 38% w/w hydrochloric
acid with enough purified water to make 360 mL. If the
specific gravity of hydrochloric acid is 1.20, calculate
the percentage strength (w/v) of the resulting dilu-
tion.”16 The main concept in the problem is “dilution”;
however, recalling concepts learned earlier in the
course (specific gravity taught in chapter 5 and concen-
tration percent strength learned in chapter 6) makes
the new learning more meaningful and memorable.
Pre-instructional design change, there was no formal
attempt to develop increasingly complex problem solv-
ing abilities by applying prior concepts from previous
lessons.

Event 4: Present the content.New information is now
presented in the lesson. Deficits in linking the mathemat-
ical approach to the practical application in pharmacy
practice were identified; therefore, post-instructional de-
sign change put a stronger emphasis in this area. For
a skill, such as calculations, instruction typically consists
of explanation and demonstration. As an example, the
concepts intravenous infusions, parenteral admixtures,
and rate-of-flow calculations are presented in chapter
13. Describing the process of compounding the admix-
tures separately from dosing with the use of infusion
pumps helps the students differentiate calculations going
on in the inpatient pharmacy versus on the inpatient floor
where the patient resides. Different instructional strate-
gies support learning at different levels (eg, knowledge,
application). Select a strategy that aligns with the desired
level of learning outcome.

Event 5: Provide learner guidance. This part of in-
struction helps the learner encode the new information
in a meaningful way. Meaningful learning can be applied
in appropriate settings and transferred to other types
of examples.18 Providing numerous examples and non-
examples stimulates associations and promotes com-
mitment to long-term memory. A common problem in
pharmacy calculations is that students tend to learn how to
perform the example in class and have difficulty using it
when an appropriate opportunity arises or when the con-
cepts could be applied to another situation/problem. An
issue may be that students are trying to memorize specific
problems and examples, rather than learning the underly-
ing concepts. Using non-examples allows students to dif-
ferentiate, when a specific concept should not be applied.
Meaningful learning is the difference between understand-
ing andcomprehendingversusmemorizing.19Toovercome
this issue in the calculations course, students are intro-
duced to GUMPS. This acronym stands for: what are my
Givens; what is the question asking me for in Units; is there
Miscellaneous/extraneous information in the problem;what
is the Path to solving this problem (ratio/proportions,

dimensional analysis, useof anequation likeC1V15C2V2,
etc.); and, lastly, does the answer make Sense.

Another method of facilitating meaningful learning
is providing pictures and drawings of the problems.
Visualization is an important strategy in meaningful
learning. Moreover, visualizing the prescription order
and the bottle on the community pharmacy shelf or the
IV they are preparing in the inpatient pharmacy may in-
crease the likelihood that the student will transfer that
learning to problems of the same type, as opposed to com-
mitting a single example tomemory.Another instructional
support to facilitate transfer of learning is presenting and
solving many problems in class. A scaffolding strategy is
used in which a common pharmacy problem is broken
down stepwise. As we advance through examples of cal-
culations problems, less scaffolding is provided.

Event 6: Elicit performance. “Practice doesn’t nec-
essarilymake perfect, but it doesmake successful transfer
and problem solving more likely.”19 For intellectual
skills, such as calculations, the key to mastery is repeti-
tion. Students need to practice the skill repeatedly and in
many different formats. In our calculations course, stu-
dents are first encouraged to solve problems from the
Pharmaceutical Calculations book.16 Each chapter has
20-50 problems. P1 students also are providedwith online
practice questions in the learning management system
(LMS) to help simulate the computer-based exams they
will take. In addition, students are given a 20-question
practice exam in which concepts from multiple chapters
are integrated in each problem. In the P2 and P3 years,
students complete retention exams. To study for these
retention exams, students have access to two practice
exams with 20 questions each that reinforce concepts
and allow students to practice skills. Prior to the instruc-
tional design change, team-based problem sets were used
for practice. This was changed to individual practice sets.
Students present with large baseline variability in calcu-
lations; therefore, team assessments may not be the ap-
propriate platform to elicit performance.

Backward chaining is another strategy to elicit per-
formance. This involves practicing a skill in a backward
manner.11 In the calculations course, for example, stu-
dents perform calculations where a dose/answer that
a nurse or pharmacy technician has calculated is given.
The student thenmust use backward chaining to check the
nurse’s or technician’s work. For example: A nurse cal-
culated to give the patient 6mLof acetaminophen and you
know that acetaminophen 160 mg/5 mL should be dosed
at 10-15 mg/kg/dose for a 30-lb. child. Is the 6 mL dose
correct?

Lastly, two non-cumulative quizzes consisting of
five questions each are administered in the P1 course
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and account for 20% of the calculations grade. This op-
portunity for practice is graded and bridges this perfor-
mance instructional event and the next event – provide
feedback.

Event 7: Provide feedback. Corrective, formative
feedback is important when developing new skills or im-
proving existing skills.11 Ideally, feedback should be in-
dividualized and immediate; however, with 110-140
students in each of the P1, P2, and P3 classes, this can
be difficult logistically. To overcome this challenge,
problem sets are provided in the LMS along with solu-
tions and stepwise approaches to solving the problems
either on paper or through the use of a video (Doceri
Desktop, 2012, San Francisco, CA). Sufficient detail is
provided to enable students to follow the problem solution
process and improve their performance.

A survey of student perceptions demonstrated that
75% of the P1 class agreed or strongly agreed that the
online video tutorials providing formative and corrective
feedback were beneficial to their learning.20 A survey of
the P2 class, for whom retention of learning is assessed
but didactic instruction is not provided, found that 81% of
students watched the online tutorials for formative feed-
back. Of those, 90% found the tutorials to be useful.21

If independent practice and the formative assessment
feedback from the answer keys and tutorial videos are not
sufficient, students can receive more individual and im-
mediate feedback during tutoring sessions and professor
office hours. Tutoring sessions becamemore formal in the
academic year of 2014-15 when P4 students and graduate
pharmaceutical sciences students provided scheduled
tutoring/office hour sessions. Pre-instructional design
change feedback was only through low-stake quizzes
and team workshops.

Event 8: Assess performance. Summative assess-
ment ensures that information learned is complete and
relatively stable.11 Many summative assessments are em-
bedded throughout the longitudinal curriculum. P1 stu-
dents are formally assessed with a cumulative examination
approximately 1-2 weeks after the final didactic lecture.
The examination has 20 questions and accounts for 80%
of the calculations portion of the course grade. Students
are required to pass the examination (not quizzes) with
$ 80% score. Students who do not pass the calculations
examination are given a retake examination. Failure to
achieve $ 80% on the retake examination will result
in a failing grade for the course. A student who fails a
course is offered remediation. In the fall and spring of the
P2 year and again in the spring of the P3 year, students
complete a summative assessment in the integration
courses of the curriculum. In each course in the P2 and
P3 years, students are provided a 1-hour didactic review,

two practice exams with 20 questions each (total of 40),
and the two hour, 20-question examination occurring ap-
proximately 1 week after the didactic review. This exam-
ination is similar in format to the P1 examination and
students must pass each retention examination with
a score $ 80% or they will be given a retake. If they do
not pass the retake with$ 80%, they must remediate the
calculations examination.

Two important changes were made to the cumulative
examination over the past several years. In 2010, the col-
lege changed from selected response multiple-choice an-
swers to constructed response tomimic theNorthAmerican
Pharmacist Licensure Examination (NAPLEX). In the
academic year of 2014-2015, to reflect the computer-
based nature of the licensure examinations, the calcu-
lations examination was changed to a computer-based
examination.

Event 9: Enhance retention and transfer to the phar-
macy practice setting. The ultimate goal of instruction is
to ensure students retain information and can perform the
skill after a period of time has elapsed in an appropriate
context.11 In addition, “what is commonly observed is
that learners often cannot transfer what is learned in one
context or setting to another context or setting, and hence
learning is situated in the original learning context.”18

The transfer of calculations is facilitated by using these
concepts in therapeutic blocks, for example, calculating
correct weight-based amoxicillin dosing for pediatric
populations with acute otitis media to calculating chemo-
therapy doses using body surface area. Curricular changes
included requesting faculty to integrate pharmacy calcu-
lations into therapeutic courses. Post-instructional design
change also put a strong emphasis on integrating calcula-
tions into an objective structured clinical examination
(OSCE) with calculating renal clearance and choosing
appropriate dosing for correct counseling. Furthermore,
retention examinations in the P2 and P3 years provide for
summative assessment for calculations learning and re-
tention as described in event 8.

This quality improvement educational study was ap-
proved by the WesternU institutional review board. To
determine if the instructional designmodel improved per-
formance in pharmacy calculations, we compared phar-
macy calculations examination scores in the P1 fall, P2
fall, P2 spring, and P3 spring. In addition, we identified
the number of student failures (score , 80% on the first
examination attempt). All students from the classes of
2016-19 were eligible for inclusion in the study. Data
were accessed through the Academic Progress Portal
(Pomona, CA) used by the college of pharmacy to record
grades. Students were excluded from these analyses if
they repeated anyyear to ensure intendanceof observations
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from year to year comparisons of examination scores.
Statistical analysis was performed using GraphPad Soft-
ware QuickCalcs (2016, La Jolla, CA). Categorical vari-
ableswere analyzed using Chi Squared test and continuous
variables were analyzed using student’s unpaired t-test.
Two-tailed tests were used and a p value # .05 was con-
sidered statistically significant.

RESULTS
Calculations scores were available for the classes of

2016 and 2017 for all four courses. Scores were available
for three courses for the class of 2018 and for one course
for the class of 2019. When excluding students who did
not progresswith their original class, the sample consisted
of 109, 100, 108, and 109 students from the classes of
2016-2019, respectively. To compare before and after
the calculations instructional redesign that occurred in
the academic school year of 2014-2015 (for the starting
class of 2018), classes of 2016 and 2017 vs. classes of
2018 and 2019 were compared on some of the following
analyses.

Mean grades for classes of 2016 and 2017 fluctuated
across the curriculum as shown in Figure 2. Means fluc-
tuated up and down ranging from85% to 91% for the class
of 2016 and 83% to 89% for the class of 2017, but dem-
onstrated an upward trend and tighter range of 88% to
91% for the class of 2018. With the implementation of
the new instructional design for the P1 students in the
spring of the 2014-2015 academic year, performance
appeared to stabilize (class of 2018). Before the redesign,
the classes of 2016 and 2017 together had a mean (SD)
score of 87.1% (12.1) and, after the redesign, the classes
of 2018 and 2019 demonstrated significantly higher mean
scores of 89.5% (10.8) in the P1 course (Difference52.3;
95% CI 0.2 to 4.4; p5.033).

To further explore student learning outcomes, the
number of students failing the course examination on
the first attempt was measured. With the addition of the

longitudinal curriculum in 2010, students had increased
exposure to calculations in the P2 and P3 years. By the
spring of P3 year, the fourth calculations examination,
less than 10% of the students failed the examination on
the first attempt for the classes of 2016 and 2017 as shown
in Figure 3.

Consistent with the findings on mean grades, the
percentage of students failing in each course decreased
with the new instructional design as shown with the clas-
ses of 2018 and 2019 in Figure 3. The rate of failures for
the classes of 2016 and 2017was significantly higher than
the rate of failures for the classes of 2018 and 2019 in P1
course (13.9% vs 7.3%; p5.045). Likewise, the rate of
failure for the classes of 2016 and 2017 was significantly
higher than the rate of failures for the class of 2018 in the
fall P2 course (22.5% vs 11.1%; p5.01). For the retention
examination in the spring P2 course, although the rates of
failure were higher with the classes of 2016 and 2017
compared to the class of 2018, this was not significant
(23.9% vs 15.7%; p5.09).

In addition, the number of students in the same cohort,
who failed one examination, and failed in subsequent ex-
aminations was measured. This analysis assessed cumula-
tive failures throughout the curriculum of four calculations
examinations. The number of students experiencing mul-
tiple failures is lower than students experiencing a single
failure. This demonstrates the 10% to 20% of the class
failing each examination (Figure 3), tend to be different
students within the same cohort for each examination.
Table 3 presents the numbers/percentages of cumulative
failures per class/cohort of students. At the time, it is dif-
ficult to compare classes since the classes of 2018 and 2019
have incomplete data sets.

DISCUSSION
Using a systematic approach to develop instruction

allows for the intentional creation of prior learning and
structure of teaching strategies in a way that supports

Figure 2. Mean Performance of Exams by Class Across the
Longitudinal Curriculum.

Figure 3. Rate of Failures by Class Across the Longitudinal
Curriculum.
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learners’ internal cognitive process. The tutorial videos
were identified as an effective means to provide more
corrective and formative feedback to enhance retention
(event 7). Other studies have found positive results
when providing multiple opportunities for assessment
and feedback. A University of Oklahoma study de-
scribed a self-paced pharmacy calculations course with
examinations of modules once a week.3 Students com-
pleted eight modules, one to two per week depending
on their individual level of learning. Due to the self-
paced nature of the instruction, the 140 students were
all on different module examinations during any given
week. Examinationswere “high stakes” in that students had
to pass with a 90% or higher or the examination counted
as a missed attempt. The number of missed attempts cor-
related with student grades (0-1 missed attempt5 A, 2-4
missed attempts5 B, 4-7 missed attempts5 C, 8 missed
attempts5 F). As compared to previous years with 20/127
student failures, there were no student failures with this
instructional format in the first year of implementation.
Immediate learning outcomes were better, retention of
learning over time was not reported.3

Increased learner guidance and a wider variety of
examples were a large part of the P1 redesign of instruc-
tion in the academic year of 2014-2015,whichwas geared
to enhancing retention (event 5). Students’ pharmaceuti-
cal calculations skills may decline after instruction in the
first year. Studies have implied that a “fall-off” in phar-
maceutical calculations skills may be occurring in their
programs.5,6 Conway and colleagues, in a descriptive report
of the development of their program’s curricular improve-
ment process, identified consistent repetition and assess-
ment of math skills throughout the curriculum as one of
the top 5 priorities identified by their faculty.5 Hegener
andcolleagues reassessedpharmaceutical calculations skills
2 weeks and 6 months after completion of a standalone
pharmaceutical calculations course in the first year.6 Stu-
dents retainedpharmaceutical calculations skills at 6months
following the course, although themean score of 82.5%was
lower than the 90% score required to pass the initial course.

Prior knowledge has been identified as an important
influence on student learning.7 One challenge with phar-
maceutical calculations reassessment as a method of en-
suring skill retention and competence is that some students
may have inadequate prior mathematical knowledge, or
may have factual knowledge, but lack deeper procedural
knowledge and the ability to integrate and apply the knowl-
edge to problem solving. To improve transfer of calcula-
tions learning to these contexts, calculations in therapeutic
blocks and in OSCE (event 9) were incorporated.

Overall, the more recent classes of students are dem-
onstrating lower rates of failure on the calculation exam-
ination, on both the first examination in the P1 year when
the material is first learned and on the retention summa-
tive assessments in the P2 year. Additionally, all classes
demonstrated lower rates of failures on the fourth exam-
ination in the P3 year, as compared to the first through
third examinations. This finding may demonstrate bene-
ficial effects associated with reinforcement of the mate-
rial throughout the curriculum. Furthermore, the mean
scores for the later classes after the instructional redesign
have significantly improved by 2.3%. Not only is this
statistically significant, however, as this increase changed
the average from a B to an A, but it also demonstrates
mastery of the subject in the P1 year. For the class of 2018,
therewas a trend towardmore stabilization inmean scores
from P1 to P2 year and a slight upward trend, showing
there may be overall improvement in calculations perfor-
mance with the new instructional design. Although, re-
tention may be improving with the new design, it should
be noted that the model does require additional resources
such as faculty time in the P2 and P3 years to develop
multiple examinations and provide office hours. Further-
more, additional study is needed to draw more definite
conclusions about the impact of the revised instructional
delivery.

Table 3 shows the evaluated cumulative failures
and if the same students were failing each examination
throughout the curriculum. The 10% to 20% of students
who fail each examination are not always the same

Table 3. Number and Percentage of Multiple Failures by Class Year and Pre- and Post-Instructional Design Change

Class Year

Number of Failures

2016 2017 2018 2019
Pre-instructional

design change, n=109
Pre-instructional

design change, n=100
Post-instructional

design change, n=108
Post-instructional design

change, n=109
n (%) n (%) n (%) n (%)

1 29 (27) 29 (29) 21 (19) 5 (5)
2 12 (11) 12 (12) 6 (6) N/A
3 8 (7) 6 (6) 3 (3) N/A
4 1 (1) 0 N/A N/A
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students as seen by decreasing number of cumulative fail-
ures. This demonstrates that students who failed one cal-
culations examination were perhaps learning from their
mistakes, becoming more self-aware of their inadequa-
cies, and/or studying more for the next exam. Although
the classes of 2018 and 2019 (after the new instructional
design) have incomplete data sets at the time of this study,
it is expected that with the significant decreases in overall
rates of failure (Figure 3), the number of multiple failures
will decrease in the classes of 2018 and 2019 compared to
2016 and 2017.

There are limitations to this study. Because the ex-
aminations were different from year to year, an inherent
difference in examination difficulty may have affected
mean scores between classes. Additionally, with the in-
structional redesign in the academic year of 2014-2015,
there was a change in the P1 year pharmacy calculations
instruction from a pharmaceutical science faculty mem-
ber to a pharmacy practice faculty member. Although the
same material was covered from the same calculations
textbook, concepts may have been emphasized differ-
ently. Additionally, although retention examinations in
the P2 and P3 years have always been created by phar-
macy practice faculty, a different faculty member was
responsible for creating exams in the academic year of
2014-2015 and thereafter. Lastly, students’ means scores
and rates of failures from different classes were com-
pared, which may bias the results as the classes may have
different baseline levels of academic achievement.

CONCLUSION
Accuracy in pharmaceutical calculations requires pro-

ficiency inmathematics and the ability to apply these skills
in the clinical setting. Using an effective instructional de-
sign model to optimize immediate instructional outcomes
may enhance retention of calculations skills over time.
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