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A B S T R A C T

Objective: The objective of this study was to determine if peer instruction (PI) is a useful active learning 
pedagogy to increase correct responses to pharmacotherapy concepts throughout didactic education in a Doctor 
of Pharmacy curriculum.
Methods: Peer instruction was implemented into 3 pharmacy practice courses spanning 3 years of didactic 
pharmacy education at Cedarville University: Introduction to Self-Care (PHAR 6112) in the first professional 
year, Respiratory Module (PHAR 6261) in the second professional year, and Special Populations Module (PHAR 
7343) in the third professional year. ConcepTests, which are multiple-choice questions written to help students 
apply previous knowledge to new scenarios, were re-polled based on a PI algorithm after peer discussion. 
Changes in students paired before and after peer discussion ConcepTest responses were analyzed using a 
McNemar test and descriptive statistics.
Results: A total of 52 first-year students, 43 second‐year students, and 49 third-year students participated in each 
respective course. Across all courses, an increase in the percentage of correct responses to ConceptTests after 
peer discussion was observed from the first polling (51.2%) to the second polling (90.4%). This increase in the 
percentage of correct responses was observed across all years of the curriculum, with greater increases in cohorts 
with previous participation in PI-based sessions.
Conclusion: The use of PI fostered improvement in the percentage of correct responses to ConcepTests focused on 
pharmacotherapy concepts throughout the first 3 years of didactic education. This pedagogy may be an effective 
and useful active learning strategy in pharmacy education that does not require significant classroom infra-
structure changes.

1. Introduction

Classroom content has historically been disseminated through lec-
turing, a cultural development that has been carried through many 
generations of educators.1 Despite the popularity of its use, a lecture is a 
passive method of education and may be inferior for the achievement of 
learning outcomes, retention of information, and improved capability 
of self-directed learning.2–4 For this reason, active learning methods 
have been employed to improve the achievement of these same areas.3

Current literature on active learning implementation in pharmacy 
schools focuses primarily on team-based learning (TBL) and problem- 
based learning (PBL).3,4 However, implementation of these learning 
strategies may require significant changes to instructional spaces such 
as round tables, moveable furniture, whiteboards, and/or additional 

technology.5,6 The costs for an active learning space (ranging from 
$30,000 to over $250,000 per classroom) can be a concern in a time of 
budget constraints in pharmacy education.7 An evaluation of additional 
pedagogical approaches is imperative, as TBL and PBL pedagogies may 
not be applicable or feasible in all pharmacy educational settings. Peer 
instruction (PI) is an active learning pedagogy that may be useful in 
pharmacy curricula, particularly when limitations exist for the im-
plementation of other active learning pedagogies, such as classroom 
orientation, time allotment, and flexibility in delivery. The 4 main 
components of PI include class preparedness, ConcepTests, peer dis-
cussion, and explanation.8 First, materials are given to students in ad-
vance to gain a baseline understanding of the topic that will be covered 
in class. ConcepTests, which are application-focused multiple-choice 
questions, are then posed to the students during the session. These 
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ConcepTests assess students’ understanding of the material provided for 
class preparedness and their ability to apply the acquired information to 
new scenarios. If the percentage of correct responses to the ConcepTest 
does not meet a predetermined threshold (eg, 70%) based on the ped-
agogical algorithm (Fig. A 1), peer discussion begins. During this im-
portant component, students discuss the ConcepTest with one another, 
typically with those in proximity. Students are then given a second 
opportunity to answer the ConcepTest. Lastly, further explanation may 
be provided to all students at the discretion of the instructor. This 
pedagogy differs from think-pair-share, as individual student responses 
to ConcepTests are recorded and included as graded assessments in 
each course. This gives the instructor the ability to truly gauge the level 
of understanding of a given topic not only for the class but also for 
individual students. A representative example of a ConcepTest and its 
results can be seen in Table 1.

Integration of PI has been proven effective in medical school edu-
cation and other disciplines.9–13 First evaluated in undergraduate 
physics courses, Crouch and Mazur13 found that students engaging in 
courses structured with PI outperformed students in traditional lecture 
courses on quizzes. Within medical and health profession education 
courses, PI has been validated to improve student scoring on quizzes 
and improve student engagement in courses.10,12 Currently, literature 
regarding the effectiveness of PI in pharmacy education is limited.

Thus, the goal of the study is to determine the effectiveness of PI in 
the delivery of pharmacy education materials by assessing improve-
ment in student performance on ConcepTests after peer discussion.

2. Methods

A sampling of required didactic courses within the Cedarville 
University Doctor of Pharmacy Curriculum was selected to analyze the 
effectiveness of PI including Introduction to Self-Care (PHAR 6112) in 
the first professional year, Respiratory Module (PHAR 6261) in the 
second professional year, and Special Populations Module (PHAR 7343) 
in the third professional year. These courses were selected to ensure 
that multiple years of the professional program and multiple instructors 
were evaluated. Each instructor attended faculty development sessions 
on the implementation of PI prior to the study. Individual instructors 
determined what sessions of their course may benefit most from the PI 
approach and developed ConcepTests focused on the learning objec-
tives of each course session. Consistent with the PI method, instructors 
had the freedom to determine the total amount of class time and ses-
sions that PI incorporated. Instructors also had the freedom to de-
termine the weight of the PI sessions in their course which varied from 
10% to 15% of the course grade. For ConcepTests that did not require 
peer discussion, students were graded based on their first response. For 

ConcepTests that required peer discussion, only the second response 
was graded (Fig. A 1). Instructors randomly called on students after 
discussion to share their rationale. This study was exempted from re-
view and granted a waiver of consent by the Cedarville University In-
stitutional Review Board.

Turning Technologies software was used to record student responses 
for all PI sessions in PHAR 6112, PHAR 6261, and PHAR 7343 between 
August 2018 and August 2019. Data included an identifier for each 
student along with all student responses to each ConcepTest polling. 
Data was collected, de-identified, and stored using Microsoft Excel. The 
primary investigator completed de-identification prior to data analysis. 
Secured, cloud-based storage requiring dual authentication was utilized 
for data storage.

2.1. Data Analysis

Statistical analysis was completed using SPSS v25.0 (Armonk, NY). 
McNemar exact tests were used for each ConcepTest to assess changes 
in paired student responses before and after peer discussion. Descriptive 
statistics were also collected during PI class sessions.

3. Results

Data from 9 sessions in PHAR 6112, 6 sessions in PHAR 6261, and 6 
sessions in PHAR 7343 were analyzed. ConcepTest responses from 142 
students were included in this study, with 52 enrolled in PHAR 6112, 
41 enrolled in PHAR 6261, and 49 enrolled in PHAR 7343. A total of 
253 ConcepTests were posed to the students, of which 111 (43.9%) 
required peer discussion based on the PI algorithm (Appendix 1). The 
percentage of ConcepTests requiring peer discussion by course was 
49.2%, 30.9%, and 55.4%, respectively. There was a statistically sig-
nificant increase in correct responses to ConcepTests following peer 
discussion across all cohorts, with PHAR 6112 having the lowest post-PI 
discussion correct response percentage of 86.2% (Table 2). For all 
ConcepTests requiring peer discussion, correct responses increased 
from 51.2% before peer discussion to 90.4% following peer discussion 
(P  <  0.001). A significant increase in correct responses after peer 
discussion was observed across each course.

The frequency of possible response changes was calculated for each 
course (Table 3). Negative change, defined as a correct response to a 
ConcepTest upon first polling being changed to an incorrect response 
after peer discussion, was seen in only 2.7% of paired responses. Ne-
gative change was most frequently observed in PHAR 6112, which 
enrolled first-year professional degree students. A negative neutral re-
sponse, defined as choosing an incorrect answer both before and after 
peer discussion, was observed in 6.9% of overall responses. As with 

Table 1 
Representative ConcepTest Example with Prediscussion and Postdiscussion results. 

A newly diagnosed asthma patient presents to the clinic. They are experiencing respiratory symptoms most days and 1 night awakening per week. The patient is unable to utilize any 
inhaler requiring breath coordination. Which of the following would be the most appropriate initial therapy for this patient?

Answer option First polling % (n) Second polling % (n)
Daily and as-needed low-dose Symbicort 56.1 (23) 4.9 (2)
Daily and as-needed low-dose Dulera 0 (0) 0 (0)
Daily low-dose Breo Ellipta and as-needed ProAir Respiclick 31.7 (13) 95.1 (39)
Daily low-dose Arnuity Ellipta and as-needed Ventolin HFA 2.4 (1) 0 (0)
Add on QVAR Redihaler to existing rescue inhaler therapy 9.7 (4) 0 (0)

Table 2 
Frequency of Correct ConcepTest Responses Before and After Peer Discussion. 

Before peer discussion n (%) After peer discussion n (%) Change in correct response (%) P value

PHAR 6112 1578 (50.8) 2678 (86.2) +35.4 < 0.001
PHAR 6261 373 (53.8) 683 (98.6) +44.8 < 0.001
PHAR 7343 800 (50.8) 1494 (94.9) +44.1 < 0.001
All courses 2751 (51.2) 4855 (90.4) +39.2 < 0.001
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negative response change, the highest frequency was observed among 
first-year students (9.9%).

4. Discussion

This study was intended to gauge changes in the number of correct 
student responses to ConcepTests after peer discussion. These pre-
liminary data are necessary to establish the internal validity of the 
pedagogy itself prior to analyzing student achievement of course out-
comes and comparing it to other active learning pedagogies. Overall, PI 
positively impacted the percentage of correct student responses to 
ConcepTests across all cohorts with an improvement of nearly 40% on 
average across all cohorts.

Variation among the 3 cohorts was noted in the incidence of post-
discussion response scenarios as PHAR 6112 had both the highest in-
cidence of negative neutral responses and the lowest correct response 
percentage. Clinical reasoning skills, especially in relation to case-based 
ConcepTests, are being newly developed in first-year professional 
pharmacy students. With PHAR 6112 being the first clinical course for 
first-year professional students, the development of clinical reasoning 
may play a significant role in the outcomes seen in this study. As stu-
dents develop clinical skills for application to the Pharmacists’ Patient 
Care Process,14 they would be expected to formulate correct conclu-
sions on ConcepTests more frequently. This was observed in the post-
discussion results for the second and third-year professional students. 
Peer instruction may be a useful tool to help identify the areas in which 
students are still developing their clinical decision-making skills.

The average increase in correct response by first-year students of 
39.2% was comparable to another study using PI in pharmacy educa-
tion which reported a mean overall improvement in correct responses 
of 31.5%.15

One strength of this study was that PI was utilized by multiple fa-
culty members in both the pharmaceutical sciences and pharmacy 
practice departments across multiple years of a professional curriculum. 
This study was limited based on a relatively small sample of students at 
a single university. Additionally, increases in the mean percentage of 
correct answers on ConcepTest questions among cohorts may be attri-
butable to other confounding factors such as relationships between 
peers, differences in ownership of the learning process, and prior ex-
perience with and understanding of PI. This study did not assess the 
long-term retention of information and achievement of learning out-
comes related to the PI sessions.

Peer instruction provides some advantages over other active 
learning pedagogies that could make it useful as an additional option 
for instructors. Peer instruction is scalable and requires no or minimal 
alteration to the existing classroom structure. Since students can discuss 
with anyone, PI can be completed in any class configuration in which 
students can reasonably converse. Class size and classroom layout do 

not significantly change the pedagogical approach eliminating the need 
for costly classroom remodeling or restructuring often recommended 
for other active learning strategies.5 Peer instruction also allows a 
variety of delivery methods that can be tailored to distance or hybrid 
learning environments by utilizing teleconferencing and web-based 
polling. Lastly, PI provides immediate feedback, allowing the instructor 
to gauge student comprehension of content and efficiently manage class 
time by taking more time to discuss concepts found to be more chal-
lenging to students. Faculty members may use as many or as few 
ConcepTests as desired during a given session providing flexibility. 
Given the advantages and scalability of this pedagogy, PI is now the 
most commonly used active learning pedagogy at the author’s institu-
tion accounting for the delivery of over 20% of the graduate pharmacy 
curriculum.

Future studies on the use of PI in pharmacy education should focus 
on the achievement of learning outcomes related to the use of this 
pedagogy. Specifically, evaluating student performance in PI sessions to 
performance on summative assessments covering the same content 
would help to ensure that PI fosters long-term retention and under-
standing of information. Additional research into the effectiveness of PI 
for those who are less comfortable and/or effective in discussions would 
be valuable. Head-to-head comparison studies of PI with other active 
learning pedagogies such as TBL and PBL are also warranted. Other 
future studies may include verification of best practices for writing 
ConcepTests and PI algorithms, application of PI to undergraduate 
pharmacy education, and use of PI for specific patient populations or 
content areas.

5. Conclusion

A significant improvement in the percentage of correct ConcepTest 
answers after peer discussion was observed in all cohorts. The initial 
percentage of correct responses was similar among all cohorts, and the 
percentage of correct responses following peer discussion increased in 
all observed courses. The results of this study demonstrate that PI may 
be a useful active learning pedagogy in pharmacy education and may be 
valuable in situations where a classroom presents spatial or technolo-
gical limitations to other active learning pedagogies.
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Table 3 
Frequency of Answer Response Changes Following Peer Discussion by Course. 

Response type Course

PHAR 6112% (n) PHAR 6261% (n) PHAR 7343% (n) All courses 
% (n)

Positive response changea 39.2 (1219) 44.9 (311) 45.7 (719) 41.9 (2249)
Positive neutral responseb 47.0 (1459) 53.7 (372) 49.2 (775) 48.5 (2606)
Negative neutral responsec 9.9 (307) 1.3 (9) 3.6 (56) 6.9 (372)
Negative response changed 3.8 (119) 0.1 (1) 1.6 (25) 2.7 (145)

a Change from incorrect to correct response after peer discussion.
b Correct response chosen before and after discussion.
c Incorrect response chosen before and after discussion.
d Change from a correct to incorrect response after peer discussion.
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See Fig. A1.
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