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Objective. To develop a series of active-learning modules that would improve pharmacy students’
performance on summative assessments.
Design.A series of optional online active-learning modules containing questions with multiple formats
for topics in a first-year (P1) course was created using a test-enhanced learning approach. A subset of
module questions was modified and included on summative assessments.
Assessment. Student performance on module questions improved with repeated attempts and was
predictive of student performance on summative assessments. Performance on examination questions
was higher for students with access to modules than for those without access to modules. Module use
appeared to have the most impact on low performing students.
Conclusion. Test-enhanced learning modules with immediate feedback provide pharmacy students
with a learning tool that improves student performance on summative assessments and also may
improve metacognitive and test-taking skills.

Keywords: test-enhanced learning, retrieval practice, curriculum, assessment, medicinal chemistry,
metacognition

INTRODUCTION
Repetition is an important component of learning.

However, as pharmacy schoolsmove increasingly toward
integrated courses and blocked curricula, the number of
exposures or repetitions that students get to a particular
subject is decreasing. Additionally, the spacing of repeti-
tions is an important determinant of the length of time that
information will be retained—a phenomenon known as
“spacing effect.”1-6 In general, longer spacing intervals
between repetitions lead to longer retention intervals, as
indicated by test performance on recall and recognition
questions wherein the optimal spacing interval between
repetitions is equal to;10-20%of the desired retention or
testing interval.1-7

In theAppalachianCollege of Pharmacy curriculum,
the pharmacology and medicinal chemistry lectures for
a particular subject are generally held on consecutive days
(ie, spacing interval51 day), which translates into a re-
tention or testing interval of approximately one week.
Students need to retain course information longer than
one week, however, so more frequent exposures to mate-
rial within courses, as well as increased spacing intervals

between those exposures, are needed to tackle the chal-
lenges presented by integrated and blocked curricula.

Active learning is one technique that enhances stu-
dent performance and learning outcomes.8-11 Types of
active learning that are used in pharmacy education in-
clude cooperative learning, problem-based learning, team-
based learning, case-based learning, and ability-based
education and assessment-as-learning.12Although testing
traditionally has been used in education as a means to
assess student learning, research has shown that testing
also can be used to promote learning and long-term
knowledge retention.13-16 The ability of testing to pro-
mote learning and knowledge retention is known as “test-
ing effect” or “retrieval practice.”14-19 The use of
test-enhanced learning has been an active area of psycho-
logical and educational research over the past several
years. Results from these studies demonstrate that, com-
pared to repeated studying, retrieving information during
testing enhances the learning process (short-term) and
slows the forgetting process, leading to superior knowl-
edge retention (long-term).2,16,20-22 Furthermore, pro-
viding students with immediate detailed feedback to
responses enhances the testing effect compared with
students who do not receive an explanation for the re-
sponses.2,23,24 This feedback also serves as a way to
reinforce important course concepts on a larger scale
than is obtained with traditional in-class active-learning
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assignments; thus, it should be able to artificially lengthen
the spacing interval between exposures to material,
thereby lengthening the retention interval.

Test-enhanced learning has been used to promote learn-
ing and long-term knowledge retention in medical,15,25,26

dental,27,28 and chemistry/science courses.23,29-31 There-
fore, pharmacy education could be a logical extension
for this approach, given the overlapping similarities of
material and the need for long-term knowledge retention
in pharmacy education. However, there is little work in
this area.

Self-testing was used (ie, test-enhanced learning) in
pathophysiology courses in pharmacy curricula.32,33 In
these studies, students had access to optional online quiz-
zes as a resource to prepare for course examinations with
an unlimited number of attempts. Students received feed-
back regarding the percentage of questions answered cor-
rectly and were able to view questions with incorrect
responses (without identification of the correct response).
Use of the practice quizzes led to a significant improve-
ment in student performance on course examinations.32,33

Additionally, student performance on the practice quizzes
was predictive of examination performance. The results
from these initial studies are promising for the use of test-
enhanced learning in pharmacy education.

One additional benefit associated with retrieval
practice is the promotion of metacognitive skills de-
velopment.30,32,34-38 Metacognitive skills include self-
awareness of knowledge and lack thereof, as well as
the ability to develop learning strategies, monitor one’s
learning, and make changes to the learning processes as
needed to improve learning.30,32,34-38 In pharmacy, de-
veloping metacognitive skills is important because they
are necessary for self-directed lifelong learning.32,37,38

In this study, we sought to demonstrate that test-
enhanced learning could be used as a curricular tool for
pharmacy education, specifically for immunology and
medicinal chemistry topics, to enhance learning perfor-
mance and promote development of test-taking andmeta-
cognitive skills among students.

DESIGN
The Appalachian College of Pharmacy offers a

3-year doctor of pharmacy (PharmD) program that uses
a modified block schedule. Because of the rapid curricu-
lum pace, learning tools are needed that foster long-term
knowledge retention. To examine whether test-enhanced
learning could be used as a means to improve student
performance on summative assessments and promote
knowledge retention in pharmacy education, a series of
optional online learning modules was created for select
topics in a team-taught integrated immunology and

infectious disease pharmacology/medicinal chemistry
course during the fall semester of the first (P1) year. The
class met 3 hours per day, 5 days per week, for 2 months.

Students enrolled in the course offered during year 1
(n573) did not have access to modules and were used as
the control group. Students enrolled in the course offered
during the fall semester of year 2, n573) had access to the
optional modules (Table 1) through the course site in
Moodle (Moodle Pty Ltd, Perth, Australia). The modules
typically were released to students on the day the material
was presented in lecture. In general, lectures for the me-
dicinal chemistry topics followed corresponding pharma-
cology lectures. This project received approval from the
Appalachian College of Pharmacy Institutional Review
Board.

Modules (Table 1) were developed for 6 of the 27
topics covered during the course. Online modules were
created in Moodle using the quiz feature and consisted
of 18-32 multiple-choice questions (ie, A-type, K-type,
“select all that apply” (SATA), and matching formats.
Moodle has a built-in feature that allows instructors to
provide immediate feedback to students through an
overall feedback field and feedback fields for individual
responses (Table 2).

The overall feedback field was used to provide ex-
planations of the overall concepts being assessed in the
questions and a rationale for the correct response(s),while
individual response fields were used to provide feedback
about why a specific answer was incorrect. For example,
if the question required students to correctly identify the
drug with a given mechanism of action, the correct mech-
anism of action for each distractor would be provided
in the response feedback fields. As noted above, this
immediate feedback to responses is a key component of
test-enhanced learning to improve students’ conceptual
understanding of the material and promote long-term
knowledge retention rather than simple memorization.
The use of multiple question types and detailed feedback
regarding correct or incorrect responses distinguished the
modules in this study from previous studies using self-
testing in pharmacy education.32,33

Students were allowed an unlimited number of
attempts on the modules, which were not used in the
calculation of course grades. Module questions for im-
munology topics typically required students to answer
questions on specific vaccines (eg, schedules, contraindi-
cations) and hypersensitivity reactions (eg, different
types, specific diseases), as well as on general knowledge
regarding immune deficiencies and autoimmunity. For
medicinal chemistry topics, questions tested knowledge
of drug mechanisms of action, adverse drug reactions,
structural drug class recognition, prodrug activation,
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metabolism, contraindications/black box warnings, and
drug interactions. Questions on summative assessments
during year 1 were used as the starting point for module
development in year 2. Additional questions were added
to themodules to increase the scope and size ofmaterial to
be reinforced because the goal was to use the modules as
learning tools to enhance long-term knowledge retention
of important material.

Results from the modules [(eg, attempts, responses,
and statistics including mean, median, standard deviation
(SD), coefficient of internal consistency (CIC), standard
error (SE), facility index, discrimination index (DI)] were
analyzed using the built-in statistics and response features
in Moodle, and exported for further analysis using Excel
and KaleidaGraph (Synergy Software, Reading, PA).
Moodle’s statistics feature provides users with informa-
tion based on 4 different categories of attempts – first, all,
last, and highest. We report the mean, median, SD, CIC,
and SE for each module for all categories of attempts.
Additionally, results for individual question performance
(ie, facility index or percentage of students with correct
response, DI) were exported for analysis in KaleidaGraph
using the statistics and analysis of variance (ANOVA)

functions, the latter of which were carried out using an
alpha50.05.

Questions related to the topics in this study were in-
cluded as part of 3 course examinations and one quiz in
each of the 2 years (note: the order of antitubercular
agents and antifungals was switched in years 1 and 2.).
Course examinations and quizzes were administered
through ExamSoft (ExamSoft Worldwide, Inc, Boca
Raton, FL) and contained a combination of multiple-
choice questions (MCQ), matching, and short-answer
questions, with both question order and response fields
randomized.

While short-answer questions are an important com-
ponent of assessing students’ comprehension of course
material, only MCQ and matching questions are included
in this analysis. There were also MCQ/matching ques-
tions on examinations not included in the modules (1-2
per year). Because of practical limitations on the number
of questions that could be included on summative assess-
ments, only a subset of module questions was included on
assessments. The types of modifications used are summa-
rized in Table 2, and include alterations of the question
stem, question type, correct response, or distractors

Table 1. Student Performance on Modules by Topic

Topica Attempt No. Attemptsb Mean (SD)c Median CICd

Hypersensitivity Reactions (24) First 63 (86%) 50.8 (19.3) 55.6 83.7
All 172 69.4 (30.3) 75.0 95.7
Last 63 84.8 (20.8) 95.8 93.2
Highest 63 88.1 (18.0) 96.9 92.2

Principles of Vaccination (20) First 60 (82%) 50.8 (23.3) 51.7 86.3
All 143 71.5 (30.4) 83.8 94.9
Last 60 87.4 (20.1) 95.3 92.5
Highest 60 88.4 (20.3) 97.5 93.5

Immunodeficiency & Autoimmunity (18) First 60 (82%) 51.6 (20.8) 56.5 82.0
All 145 73.2 (27.5) 77.8 92.7
Last 60 83.6 (24.2) 95.4 93.8
Highest 60 84.8 (24.1) 96.8 94.2

Antituberculosis Agents (32) First 66 (90%) 57.7 (28.9) 62.9 94.8
All 193 72.9 (28.0) 84.4 95.8
Last 66 83.3 (23.8) 92.5 95.9
Highest 66 88.1 (18.1) 93.8 93.8

Antifungals (20) First 66 (90%) 51.6 (27.3) 53.4 90.8
All 222 76.4 (26.8) 87.4 93.7
Last 66 83.9 (20.9) 92.5 91.0
Highest 66 88.2 (20.6) 97.5 94.0

Antiparasitics (22) First 65 (89%) 50.3 (27.2) 54.7 91.3
All 178 72.0 (28.8) 82.4 94.6
Last 65 82.6 (24.4) 90.9 94.6
Highest 65 85.1 (21.5) 92.5 93.3

aTopic of module with the number of questions listed in parentheses
bNumber of completed attempts with the percentage of students completing attempts shown in parentheses
cStandard Deviation (SD)
dCoefficient of internal consistency (CIC)
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(number, identity, type). Results from summative assess-
ments were analyzed using the item analysis feature in
ExamSoft, and were exported for additional analysis in
Excel and KaleidaGraph. Since Moodle scores all SATA
and matching questions with partial credit, all values re-
ported in Table 4 and Appendix 1 reflect question re-
sponse rates with partial credit for comparison purposes.
For each examination, the difference between student
performance on module-related questions and all exami-
nation questions was calculated [difference5% score
(module-related) questions – % score all questions]. Dif-
ferences across all 3 examinationswere averaged for each
student. Negative percentages reflect scores on module-
related questions that were lower compared to all exam-
ination questions, while positive scores indicate scores on
module-related questions higher than all examination
questions.

Because identical assessmentswere not used in years
1 and 2, we estimated the level of difficulty for each
assessment by calculating the mean of the facility indices
for module questions that closely “matched” assessment
questions based on first attempts to ensure assessments in
both years were of comparable difficulty. To examine
whether student performance on the modules was predic-
tive of performance on summative assessments, we cal-
culated the mean of the facility indices for module

questions that closely “matched” assessment questions
based on all attempts.

EVALUATION AND ASSESSMENT
Students in years 1 and 2 had comparable GPAs and

PCAT scores at the time of admission (Table 3). Compar-
ison of overall class performance on all summative as-
sessments (all quiz and examination questions in the
course from all course faculty members) in year 1 (mean
75.3%) and year 2 (mean74.4%,p50.58) revealed amod-
est and insignificant decrease in performance for students
in year 2. Similarly, class performance on a subset of
roughly134 matched (nonshort answer) questions from
all course faculty members used on summative assess-
ments in years 1 and 2 was comparable (mean differ-
ence5-0.7%, median difference50%). Thus, there were
no significant differences between the students in the
2 cohorts, which supports the use of students in year 1 as
a suitable control group.

The majority of students enrolled in the course dur-
ing year 2 accessed and attempted the optional modules
(82%-90%, Table 1) for a total of 166-251 attempts per
module (;3-4 per user), which was largely comprised of
complete attempts 143-222 per module (;2.4 to 3.4 per
user). Therewere 8-24 partial attempts or invalid attempts
per module, where students submitted responses before

Table 2. Sample Module Question with Detailed Feedback and Modifications used on Assessment Questions

Module Question Response Feedback

Which of the following drugs used to treat
tuberculosis target mycolic acid biosynthesis
for their therapeutic activity? (Select all
that apply)

PZA Incorrect. Plasma Membrane & Energy metabolism:
target unknown (Drugs: PZA) (PZA prodrug
activated by pyrazinamidase)

INH )
ETH )
EMB Incorrect. Targets Arabinoglycan transferase.
RIF Incorrect. Targets RNA synthesis

General Feedback
Drugs that target the cell wall include inhibitors of mycolic acid biosynthesis:
Target: InhA (enoyl-acyl-carrier protein reductase or FAS type II) Drugs: INH, ETH INH is a prodrug activated by
KatG; ETH is a prodrug activated by EthA; both KatG and EthA are catalase peroxidase enzymes

Type of Modification Examples
Question type Conversion between multiple A-type MCQ and matching questions,

Conversion between select-all-that-apply and K-type MCQ
Correct Response(s) Switching between drug names and drug structures, changing

identity of correct response (eg, selecting another drug in the
same drug class), changing the number of correct responses

Distractor(s) Switching between drug names and drug structures, changing
identity of distractor(s), changing the number of distractors

Stem Changing the options for K-type questions, changing identity of
drug or enzyme (with similar drug interactions), asking mechanism
of action question at different level (eg, inhibit cell wall vs
peptidoglycan synthesis), flipping stem/response

Pyrizinamide5PZA, isioniazid5INH, ethionamide5ETH, ethambutol5EMB, rifampin5RIF
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answering all questions and gained access to the answer
key. In general, modules for medicinal chemistry topics
offered later in the course were accessed more than the
modules for immunology topics offered earlier.

A summary of student performance on modules is
shown in Table 1. Student performance on first attempts
(mean: 50.3%-57.8%) was much lower than the perfor-
mance on last attempts (mean: 82.6%-87.4%) or all at-
tempts (mean: 69.4%-76.4%). This result was expected
sincemost students used themodules as tools for studying
rather than as a means of self-evaluation or self-testing
after studying. Overall scores on the modules improved
with repeated attempts resulting in increases in both the
mean (82.6%-87.4%) and median (90.9%-95.8%) scores
for last attempts. Coefficient of internal consistency (CIC)
values for most modules was .90% regardless of the
attempt category (first, last, highest, all).

Student performance on module questions im-
proved with repeated attempts (Table 1), and this im-
provement in performance was observed across all
topics and question types examined (Appendix 1, Tables
A1 and A2). Student performance based on question
type is provided in Appendix 1 (Table A1). All question
types had good discrimination ability, as indicated by
the DI (.50% for all question types), and student per-
formance on all question types improved by;25%-35%
with repeated attempts.

We also examined whether the improvement in per-
formance on module questions translated to improved
performance on summative assessments. The summary
in Table 4 includes results for total questions used in each
year, aswell as results for a subset of “matched” questions
that were included on assessments in both years. The
estimated difficulty and predicted performance for assess-
ments (total andmatched questions) in years 1 and 2 were
comparable, indicating the assessments used in both years
were of similar difficulty. Additionally, the mean testing
interval across all module-related topics on summative as-
sessments was comparable for both years (year 1: 5.8 days;

year 2: 5.3 days). Student performance on module-related
questions across all assessments in year 1 closely matched
the performance predicted from the modules in year 2
(predicted mean: 73%, actual mean: 75.8%). This find-
ing further supports the use of students in year 1 as the
control group. In contrast, student performance in year 2
exceeded that predicted from the module questions (pre-
dicted mean: 72.4%, actual mean: 81.9%), and was higher
than student performance in year 1 (p50.056). The ob-
served scores in year 2 were more similar to the results on
last/highest module attempts and were consistent with
improved learning.

Results for quizzes and examinations were also an-
alyzed separately. We found a significant improvement
in student performance on examination questions (Table
4) among students who had access to modules compared
with the control group without module access. Compar-
ison of student performance on examinations revealed
a significant enhancement of learning in year 2 (year 1
mean: 74.4%; year 2 mean: 83.2%, p50.011). The per-
formance gap is increased further if the results for anti-
parasitics (1 day testing interval) are excluded from the
analysis (year 1 mean: 72.5%; year 2 mean: 84.7%,
p50.0070). Only onemodule-related topic was included
on both a quiz and examination in both years. Students in
year 1 scored well on the quiz (mean 81.6%, testing in-
terval 7 days) and then proceeded to perform poorly on
the same (quizzed) material on the examination (mean
65.8%, testing interval 13 days). In contrast, year 2 stu-
dents performed close to the predicted mean on the quiz
(mean 71.2%, testing interval 6 days) and performed
better than predicted on the same (quizzed) material on
the examination (mean 88.6%, testing interval 9 days).
A breakdown of student performance on examinations by
topic and question type is shown in Appendix 1 (Tables
A1 and A2).

In attempts to improve long-term retention of course
material, a portion of the final examination in year 2 was
cumulative. The majority of questions related to “old”

Table 3. Admissions Statistics of Students from Control Cohort (Year 1) and Test Cohort (Year 2)AU1

Statistic

GPAa SGPAa MGPAa PCATb

Year 1 Year 2 Year 1 Year 2 Year 1 Year 2 Year 1 Year 2

N 73 73 73 72 73 72 73 73
Mean 2.90 2.99 2.69 2.80 2.89 2.86 51.3 50.5
Median 2.76 2.93 2.54 2.66 2.90 2.94 50 54
SD 0.47 0.39 0.55 0.53 0.70 0.65 15.9 17.5
p valuec 0.19 0.20 0.83 0.80
aGrade point average (GPA), science grade point average (SGPA), math grade point average (MGPA) are all out of a 4.0 scale
bPharmacy College Admission Test (PCAT) percentile ranking (range 1-99)
cp values between years 1 and 2 for GPA, SGPA, MGPA, and PCAT scores were calculated using the analysis of variance (ANOVA) function in
KaleidaGraph with an alpha50.05
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material were short answer questions. However, 2 MCQ
questions related to hypersensitivity and vaccination
principles were included on the examination (testing
interval542 days). The correct response rates to these
questions were 77% and 84%, which is comparable to
the response rates for similar questions on examination
1 (testing interval55.5 days). These results are consistent
with retention of the information because the majority of
students (66/73) did not reattempt themodules prior to the
final examination.

Because the improved performance on examinations
could be attributed to an overall enhanced performance of
the students in year 2 across all course topics (module and
nonmodule related), we compared student performance
on examination questions for module related topics with
their performance on nonmodule related topics. For this
analysis, we calculated the difference in performance

between module-related questions and all (nonshort an-
swer) questions on each examination for every student,
and then calculated the average difference across all ex-
aminations for each student (Figure 1 and Table 5). A
positive value indicates the student performed better on
the questions from module-related topics compared with
overall assessments, and a negative value indicates that
the student performed worse on questions from module-
related topics compared to overall assessments.Wedefine
positive as a.5% increase over the total assessment and
negative as a.5% decrease over the total assessment. A
difference of ,65% was considered to be modest, or
neutral. The overall class performance in year 1 was neg-
ative, with a mean difference of -5.6%, while the class
performance in year 2was positivewith amean difference
of 12.3% for a net change of 17.9%. This significant
positive shift in the average examination difference

Table 4. Student Performance on Summative Assessments

Year 1b Year 2b p valueb,c

Assessment Parametera (Total, Matched %s) (Total, Matched %s) (Total, Matched)

All assessments No. (27, 17) (44, 16) 0.056, 0.072
Estimated difficulty 54.8, 53.9 53.2, 53.4
Predicted performance 73.0, 72.5 72.4, 72.5
Mean 75.8, 73.1 81.9, 82.3
Median 79.5, 79.5 83.2, 86.0
Testing interval 5.8 days 5.3 days

Examinations
only

No. (22, 15) (39, 14) 0.011, 0.050
Estimated difficulty 53.8, 55.4 53.5, 55.4
Predicted performance 73.0, 73.1 72.0, 73.1
Mean 74.4, 74.7 83.2, 84.9
Median 77.4, 81.0 86.5, 89.2
Testing interval 5.6 days 5.2 days

Quiz only No. (5, 0) (5, 0) N/A
Estimated difficulty 59.8 51.1
Predicted performance 73.0 75.8
Mean 81.6 71.2
Median 81.1 66.0
Testing Interval 7 days 6 days

Examinations
without
antiparasitics

No. (14, 8) (27, 7) 0.0070, 0.14
Estimated difficulty 54.4, 57.9 53.6, 57.9
Predicted performance 72.1, 72.2 71.3, 72.2
Mean 72.5, 73.5 84.7, 86.4
Median 74.0, 80.0 89.2, 93.0
Testing interval 6.8 days 9 days

aNo.5number of nonshort answer questions (Total, Matched) related to module topics on the assessment(s). Total refers to the total number of
questions related to module topics on the assessment(s), while Matched refers to similar/identical questions on summative assessments in year 1
and year 2. Predicted difficulty reflects the mean facility index of the corresponding module questions for first attempts. Predicted performance
reflects the mean facility index for the corresponding module questions for all attempts. Testing interval is the time between the lecture and
assessment. Mean and median were calculated using the response rates for individual questions on summative assessments
bTotal refers to the total number of questions related to module topics on the assessment(s), while Matched refers to similar/identical questions on
summative assessments in year 1 and year 2
cp values for the question response rates (Total, Matched) between years 1 and 2 were calculated using the analysis of variance (ANOVA) function
in KaleidaGraph with an alpha50.05
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profile for students year 2 compared to year 1 is shown in
Figure 1A. The results in Table 5 reveal that the majority
of students in year 1 (39/72554.2%) had a negative per-
formance on module-related examination questions with

a mean difference of -12.2%, including 18/72 (25%) stu-
dents who had high negative performances (. 10%
change). In contrast, significantly fewer students had
positive performances (11/72515.3%) with a mean

Figure 1. Comparsion of the average difference between student performance on examination questions related to module topics vs
all examination questions. (A) Results for students in year 1(no modules) are represented by gray bars and students in year 2 (with
access to modules) are represented by black bars. (B) Population breakdown by final course grade. (Total, top 33%, middle 33%,
bottom 33%). The percent of students in each group with a positive (black), neutral (white), negative (gray) performance are shown
for year 1 and year 2.

Table 5. Summary of Average Examination Difference Based on Student Population

No. Studentsc Mean Difference (SD)d

Performancea Populationb Year 1 Year 2 Changee Year 1 Year 2 Changee

Overall Total 72 73 11 -5.6 (9.3) 2.3 (8.9) 17.9
Positive Total 11 (1) 37 (13) 126 (112) 6.8 (1.7) 9.3 (4.8) 12.5

Bottom 2 (0) 13 (5) 111 (15) 7.0 (0.8) 10.4 (6.5) 13.4
Middle 6 (1) 13 (6) 17 (15) 6.7 (2.1) 10.2 (4.1) 13.5
Top 3 (0) 11 (2) 18 (12) 6.8 (1.8) 7.0 (2.0) 10.2

Neutral Total 22 21 -1 -0.04 (1.98) -0.7 (2.6) -0.74
Bottom 6 7 11 0.5 (1.7) -0.6 (3.2) -1.1
Middle 6 4 -2 -0.07 (2.0) -1.75 (2.0) -1.7
Top 10 10 0 -3.6 (2.2) -0.3 (2.4) 13.3

Negative Total 39 (18) 15 (9) -24 (-9) -12.2 (7.1) -10.6 (3.9) 11.6
Bottom 16 (9) 4 (1) -12 (-8) -11.6 (4.6) -8.1 (3.0) 13.5
Middle 12 (3) 8 (6) -4 (13) -10.1 (7.3) -11.6 (4.1) -1.5
Top 11 (6) 3 (2) -8 (-4) -15.4 (9.0) -11.6 (4.1) 13.8

aMean difference between student performance on module-related questions (MCQ, matching) and all questions on the assessment. “Positive”
indicates performance on module-related questions$5% higher than overall score on the assessment. “Neutral” reflects an average difference of
-5%,x.15%. “Negative” indicates performance on module-related questions $-5% lower than overall score on the assessment
bStudents were divided into 3 different populations based on final course grades: Top 33%, Middle 33%, and Bottom 33%
cNumber of students in each population with indicated performance. Number of students with effect .10% change shown in parentheses
dMean examination difference and standard deviation for students in the indicated population
eDifference Year 2–Year 1
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difference of 16.8%, and only one student had a high
positive performance (.10% change).

After the introduction of modules in year 2, a large
increase in the number of students with positive perfor-
mances occurred, from 11 to 37 (15.3% to 50.7%), along
with a large decrease in the number of students with nega-
tive performances, from 39 to 15 (54.2% to 20.5%). This
included a significant increase in the number of high posi-
tive performances, from 1 to 13 (1.4% to 17.8%,) and a de-
crease in the number of high negative performances, from
18 to 9 (25% to 12.3%). The improved performance on
examination questions in year 2 was selective for module-
related topics compared with nonmodule topics (Figure 1,
Table 5) supporting that the improvement in performance
was attributed to student use of the modules and not simply
superior overall class performance in year 2.

Although there was not a direct correlation between
test score and the total number of attempts onmodules,we
examined the results in more detail to determine if we
could identify trends or factors associated with successful
use of themodules for enhancing student learning. To this
end, we compared the mean differences on examinations
to cohorts identified based on final course grade, GPA,
SGPA, MGPA, and PCAT score. Results based on final
course grade (top 33%, middle 33%, bottom 33%) are
shown in Figure 1B and Table 5. Figure 1B shows the
percentage of students with positive performances (black
shading) increased in year 2 for all cohorts, while the
percentage of students with negative performances (gray
shading) decreased in year 2 for all cohorts. Closer exam-
ination of these results (Table 5) revealed the population
with the greatest increase in positive performances and
greatest decrease in negative performances in year 2 was
the bottom 33% of the class. The number of students in
this cohort with a positive performance increased, from
2 to 13 (8.3% to 54.2%) in year 2, including an increase in
the number of high positive performances, from 0 to 5
(0 to 20.8%). The number of students in this cohort with
a negative performance decreased, from 16 to 4 (66.7%
to 16.7%) in year 2, including a decrease in the number of
high negative performances, from 9 to 1 (37.5% to 4.2%).
This analysis of final course grades indicates the student
population that benefited themost from themodules is the
bottom 33%, as this population had the greatest increase
in the number of positive performers and greatest de-
crease in the number of negative performers (Figure 1B,
Table 5). This finding is consistent with previous studies
that have shown that lowperformers benefit themost from
active learning.8,9,29

The mean examination difference results were also
compared with student admission statistics (Table 6) to
identify cutoff values that could be used to distinguish

high positive and high negative performers. Attempts to
use GPA, SGPA, or PCAT as a single predictor were
challenging, as the cutoff values were either too narrow
and did not capture enough high positive or high negative
students, or they were too broad and encompassed too
much of the total student population to be of any value.
For example, a GPA cutoff of.2.8 yielded a cohort that
captured 12/13 high positive performers (mean difference
14.7) and excluded 6/9 high negative performers. How-
ever, this cohortwas comprised of 49/73 students (;68%)
in the class. Similar issues arose with attempts to use
SGPA or PCAT scores, so combinations of these scores
were examined. The best results were obtained using a
combination of SGPA and PCAT scores. A PCAT/SGPA
ratio cutoff of ,16 yielded a cohort of 30 students that
captured 9/13 high positive performers (mean difference
of 15) and excludes 8/9 high negative performers.

DISCUSSION
The results in Table 1 suggest the topics students had

the most difficulty with were hypersensitivity reactions
(lowest mean for all attempts) and antiparasitics (lowest
mean for first and highest attempts). However, the diffi-
culty for antiparasitics may be overestimated as students
only had roughly one day to use the modules prior to the
final examination.

Similar to other studies examining the use of self-
testing in a pathophysiology course,31,33 student perfor-
mance on the modules in these studies was predictive of
student performance on examinations. This is an impor-
tant finding as it may help enable faculty members and
students accurately gauge student preparedness for exam-
inations and identify areas of weakness. Facultymembers
can use the module results to identify areas for curricular
and examination improvement and the examination re-
sults to make improvements to the modules. Students
can use the feedback they gain from the modules to gauge
their preparedness for examinations, focus their study
efforts (metacognitive skill), and improve their test-
taking abilities.

Test-enhanced learning promotes long-term knowl-
edge retention,13-22 while the length of time that the in-
formation is retained is dependent upon the spacing
between repetitions.1-6 Because spacing interval between
repetitions in our study was one day, the spacing effect
predicted the information would be retained for one week
or 7 days, after which the forgetting process would occur.
Although our results are preliminary, 2 pieces of data are
consistent with predictions of knowledge retention and
the spacing effect. First, response rates to comprehensive
examination questions in year 2 (average testing inter-
val542 days) were comparable to the response rates to
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module-related questions on the initial examination (av-
erage testing interval55.5 days), indicating that little to
no forgetting occurred.

The second piece of data stems from topic results
tested with a quiz and examination. Students in year 1
performed well on module-related questions on the quiz
(mean 81.6%, testing interval57 days), but performed
poorly when retested on the same material just 6 days
later (mean 65.8%), as predicted based on the spacing
effect and forgetting curve. In contrast, students in year
2 achieved higher scores on the retest (mean 88.6%, test-
ing interval 9 days) compared with the initial quiz (mean
71.2%) 3 days earlier. These results suggest the modules
may offer a means to introduce “repetitions” outside of
the classroom via an active process that artificially ex-
tends the spacing interval, thereby lengthening the re-
trieval interval. The small number of questions used to
gauge knowledge retention is a major limitation, how-
ever, and, therefore, more robust studies are needed.

Results from short testing intervals (eg, quizzes, ex-
amination questions on antiparasitics) suggest that any
benefit gained from using modules is lost if the testing

interval between the lecture and assessment is too short
(eg, 1-2 days), as these circumstances tend to favor mem-
orization of materials rather than conceptual understand-
ing. Consequently, the modules are most effective at
enhancing learning when they are used in a time frame that
allows for repeated attempts over long time intervals (ie,
multiple days–weeks). This finding supports the use of
“reading days” in the curriculum to allow students suffi-
cient time to digest and understand material presented.

The improvement in student performance on exam-
inations could be attributed to an enhanced conceptual
understanding of thematerial and/or improved test-taking
and metacognitive skills. Metacognitive skills are associ-
ated with the academic success of high performing stu-
dents, while low performing students tend to lack these
skills.35,36,38

Interestingly, cohort analysis of module effective-
ness based on admissions statistics (Table 6) identified
students with low PCAT/science grade point average
(SGPA) ratios as the group helped most by the modules.
This finding is interesting because it may support that
improved test taking and metacognitive skills contribute

Table 6. Module Effectiveness by Cohort

Itema Populationb No.c Mean (SD)d No. High Positivee No. High Negativee

GPA Top (3.07–4.0) 25 4.7 (8.8) 7 1
Middle (2.81–3.06) 24 4.7 (8.0) 5 2
Bottom (2.19–2.79) 24 -2.5 (8.1) 1 6
Cutoff: .2.8 (N549) 12/13 3/9

SGPA Top (2.95–4.0) 24 4.1 (7.8) 5 1
Middle (2.52–2.89) 23 2.6 (9.4) 5 3
Bottom (1.98–2.50) 25 0.3 (9.5) 3 5
Cutoff: .2.5 (n547) 10/13 4/9

PCAT Top (61-93) 24 2.0 (6.6) 2 2
Middle (43-59) 23 1.6 (9.8) 4 4
Bottom (11-40) 25 2.9 (10.0) 7 3
Cutoff: , 60 (n548) 11/13 7/9

PCAT/GPA Top (21.1–35.6) 26 -0.7 (8.3) 2 5
Middle (13.9–21.0) 20 3.7 (7.9) 4 2
Bottom (3.4–13.6) 26 3.8 (9.6) 7 2
Cutoff: ,21.1 (n546) 11/13 4/9

PCAT/SGPA Top (22.2–36.1) 29 0.8 (9.1) 3 5
Middle (16.3–21.6) 14 1.9 (7.9) 1 3
Bottom (4.1–15.9) 30 5.0 (8.7) 9 1
Cutoff: ,16 (n530) 9/13 8/9

aGrade point average (GPA), science grade point average (SGPA), and Pharmacy College Admission Test (PCAT). GPA and SGPA are out of
a 4.0 scale
bFor each item, students in the class (N573 total) were grouped into one of 3 populations (top, middle, bottom). The ranges of scores for students
in a given cohort are shown in parentheses
cNumber of students in given cohort
dMean average difference of performance on module topic questions vs entire examination
eNumber of students in cohort with a positive mean examination difference .110% and the number of students in cohort with a negative mean
examination difference of ,-10%
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to the observed improvement in examination perfor-
mance. If one views SGPA as an indicator of a student’s
intellectual capability and PCAT scores as a measure of
test-taking skills, then a low PCAT/SGPA ratio could re-
flect that the student is intellectually capable of under-
standing the course material, but can underperform
based on poor test-taking or metacognitive skills. In this
scenario, the extra practice answering questions gained by
using modules improves the student’s test-taking skills,
resulting in superior examination performance. This find-
ing could have important implications for standardized
testing (ie, NAPLEX). Finally, the finding that modules
may promote the development of metacognitive skills in
students could help explain why students who benefit the
most from modules are the low-performing students
(based on course grade and PCAT/SGPA), as high-
performing students likely already have these skills.

SUMMARY
The results from these studies support the feasibility

of using test-enhanced learning in pharmacy education to
improve student performance on examinations. Impor-
tantly, students in the bottom 33% of the class (based on
final course grade) and those with low PCAT/SGPA ratios
most benefit from the use of test-enhanced learning. Addi-
tionally, test-enhanced learning may improve student test-
taking skills, which could have important implications for
standardized testing (ie, NAPLEX), and promote the de-
velopment of metacognitive skills necessary for academic
success and self-directed, life-long learning.
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