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Objectives. To implement and assess the effectiveness of an assignment requiring doctor of pharmacy
(PharmD) students to write examination questions for the medicinal chemistry sections of a pharma-
cotherapeutics course.
Design. Students were divided into groups of 5-6 and given detailed instructions and grading rubrics for
writing multiple-choice examination questions on medicinal chemistry topics. The compiled student-
written questions for each examination were provided to the entire class as a study aid. Approximately
5% of the student-written questions were used in course examinations.
Assessment. Student appreciation of and performance in the medicinal chemistry portion of the course
was significantly better than that of the previous year’s class. Also, students’ responses on a qualitative
survey instrument indicated that the assignment provided students’ guidance on which concepts to focus
on, helped them retain knowledge better, and fostered personal exploration of the content, which led to
better performance on examinations.
Conclusion.Adding an active-learning assignment in which students write examination questions for the
medicinal chemistry portion of a pharmacotherapeutics course was an effective means of increasing
students engagement in the class and knowledge of the course material.
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INTRODUCTION
Actively engaging millennial students in the class-

room and involving them in a course beyond the classroom
has been a challenge to the teaching community, including
pharmacy educators. The Accreditation Council for Phar-
macy Education (ACPE) guidelines 10.2 and 11.2 empha-
size theneed for pharmacy facultymembers andpreceptors
to incorporate newer active-learning strategies to improve
the critical-thinking and problem-solving skills of these
students.1 Active learning has been a buzz word since the
1980s and there is a plethora of literature published on this
topic.2-7

Over time, pharmacy colleges and schools across
the country have developed several active-learning strat-
egies to engage students in the classroom, such as think-
pair-share, classroom discussions, minute papers, student
debates, and class games.8 Active learning is superior to pas-
sive learning, but student engagement in the learning process
is still lacking in many of the implemented active-learning

strategies.9 “Learning by teaching” is one of the suc-
cessful teaching strategies that was introduced in some
German schools to better engage students in the active-
learning process. In this approach, learners perform
teaching-related activities. This guided active-learning
process is an efficient learning strategy that improves stu-
dent investment in the course.10

In this study, we followed a “learning by teaching”
approach that involved students writing multiple-choice
examination questions, a task usually performed by the in-
structor. Themajor objectives of this studywere to increase
student appreciation for medicinal chemistry; provide an
additional study platform to improve student learning;
and engage students in teaching-related activities.

DESIGN
At the Texas A &M Health Science Center College

of Pharmacy, there is no separate medicinal chemistry
course that relates directly to disease states. Instead, all
disease states are taught in 8 integrated pharmacotherapy
courses. In each of these integrated courses, physiology,
pharmacology, medicinal chemistry, and pharmacother-
apy are taught sequentially for a given disease. The active-
learning exercise presented in this paper was instituted in
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the medicinal chemistry component of the Integrated
Pharmacotherapy VI course during fall 2011. This is a
5-credit-hour course with 15 hours assigned to the me-
dicinal chemistry component. Topics covered included
anti-inflammatory drugs, asthma, chronic obstructive pul-
monary disease, allergic rhinitis, benign prostatic hyper-
plasia, erectile dysfunction, urinary incontinence, arthritis
and gout, and peptic ulcer disease.

All students enrolled in the IntegratedPharmacother-
apy VI course in fall 2011 were divided randomly in to 15
groups (5 to 6 students per group) at the beginning of the
semester and each group was assigned 1 lecture for which
to construct multiple-choice examination questions. All
students were provided detailed instructions for construct-
ing the examination questions (Appendix 1). To construct
more meaningful questions, students were encouraged to
make notes and consider the most-stressed points in class.
Each groupwas asked towrite 5 or 6 examination questions
depending on the number of students in the group. After
constructing the questions, the students had to match each
question with 1 or more of the provided learning objectives
and justify all right and wrong answer choices for the ques-
tion. Each group member was responsible for evaluating
all of the group’s questions for accuracy and complete-
ness. The students submitted the completed assignment
using Blackboard (Blackboard Inc., Washington, DC) for
a group grade. Students were required to write questions
and submit their assignment within 48 hours of their as-
signed lecture.

Accuracy and completeness of the student-submitted
questions as well as feedback for all choices were graded
based on the rubric provided in Table 1. Points were de-
ducted for any missing or wrong information. None of
the questions submitted by the students was discarded;

instead, faculty members provided any additional and/or
missing information to make each question a useful study
tool for students. Although some of the questions required
significant modification and faculty comments, all ques-
tions were graded as this was a learning activity.

Before each examination, faculty members provided
copies of each group’s corrected student-written ques-
tions and related faculty feedback to the entire class as a
study guide. This was a guided assignment, with all ru-
brics and instructions provided to students at the begin-
ning of the course. Once students submitted their questions
with explanations for correct and wrong choices, the as-
signment was graded and all questions and feedback were
supplied to the entire class. About 5% of student-written
questions were used in each examination to motivate all
students to become involved in this exercise, making it
a good learning activity. Student performance on exami-
nations was significantly improved with this activity when
compared with previous year’s students who had not par-
ticipated in this exercise. Students also expressed that this
exercise helped them improve their learning, study habits
and examination preparation.

EVALUATION AND ASSESSMENT
Course Examinations

The medicinal chemistry questions written by the
students counted about 5% of the total grade for the ex-
amination. Themedicinal chemistry portion of the course
was assessed through 4 examinations, each of which cov-
ered 1 or more diseases depending on the amount of con-
tent. Approximately 4-5 medicinal chemistry lectures were
covered in each examination. A student group number
was attached to the questions that were used in the exam-
inations to give the students authorship. All student ques-
tions were weighted a half point on examinations, whereas
faculty-written questions were weighted 1 point. The point
value of student questions was intentionally kept low to
encourage students to read all the questions sent back to
them more thoroughly. The intent was that after students
read these questions and the faculty feedback on right and
wrong answer choices, they would have a better under-
standing of the subject material and perform better on
these questions on the examination as well as questions
written by faculty members.

All examinations included questions from each of
the disciplines (pathophysiology, pharmacology, medic-
inal chemistry, and therapeutics) covered in the Integrated
Pharmacotherapy VI course. All examinations during fall
2011 and fall 2010 used only multiple-choice questions.
To make meaningful comparisons and assess student
learning, student performance on themedicinal chemistry
portion of each examination in fall 2011 and 2010 was

Table 1. Demographics of Pharmacy Students Enrolled in the
Fall 2011 and Fall 2010 Classes

Fall 2011 Fall 2010

Class size 79 89
Average age, yrs 24 23

Age range, yrs 18-44 18-35
GPA 3.3 3.4
Gender, %

Male 52 53
Female 48 47

Ethnicity, %

Asian 34 37
Black 6 2
Hispanic 25 28
White 33 31
Other 2 2
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separated from that for the rest of the examination. The
performance of fall 2011 students was then compared
with that of fall 2010 students who did not complete the
question-writing assignment. The remainder of the course
was delivered similarly for both years, followed similar
syllabi, and had the same learning objectives. A similar
number of medicinal chemistry questions were used in
each of the 4 examinations administered in fall 2010 and
fall 2011. Examination 1 covered peptic ulcer disease;
examination 2 covered arthritis and gout; examination 3
covered asthma, chronic obstructive pulmonary disease
and allergic rhinitis; and examination 4 covered benign
prostatic hyperplasia, erectile dysfunction and urinary in-
continence. The student demographics for fall 2010 and
2011 were similar (Table 2). Students’ scores on student-
written questions in 2011 were not included in data anal-
ysis so that a true comparison of performance between
classes could be made.

The mean examination scores of students who com-
pleted the course in fall 2011 were approximately 10%
higher than those of students who completed the course
in fall 2010 (Figure 1). As determined by student t test, the
average course grade of students in the fall 2011 course
was significantly higher than that of students in the fall
2010 course (p 5 0.002).

Students’ perceptions of the usefulness of this learn-
ing activity were also assessed using a specially devel-
oped survey instrument.11 A rating scale of 1 to 5 was
used, with 1 indicating the least amount of agreement
and 5 indicating the greatest amount of agreement with
the survey statements (Table 3). The survey instrument
also included an open-response item to find out in what
other ways this active learning assignment had helped
their learning and to give them an opportunity to provide

suggestions to improve this activity. The survey was con-
ducted after all groups submitted their assignments and
all examinations were completed. Students were asked to
read a consent information form before participating in
the survey and could indicate that theywere not interested
in participating in the study.

Eighty-eight percent of the fall 2011 class partici-
pated in the survey. Students perceived that the “learning
by teaching” exercise helped to improve their learning in
several ways. The mean responses to all survey state-
ments were 4.5 or higher, indicating that this activity
was well-received by students.

The majority of students agreed that “learning by
teaching” was a novel idea, that the instructions given
were easy to follow, that writing questions was a rea-
sonable faculty expectation of the students, and that the
faculty comments provided useful information. They
strongly recommended that the exercise be included in
the course in the future as well as in other courses in the
curriculum.

The majority of the students (over 85%) felt that this
exercise was helpful in preparing for examinations, pro-
vided guidance on concepts that they needed to focus on,
helped retain knowledge better, and fostered personal ex-
ploration of the content, which eventually led to better
performance on examinations. This is also evident from
the significantly higher examination scores compared
with the previous year’s class.

Students indicated that the process of writing exam-
ination questions, required them to explore the content
more deeply and therefore learn the material better. The
exercise also provided good reinforcement of the mate-
rial covered in class. Several students indicated in the com-
ments section of the survey that whilemedicinal chemistry

Table 2. Grading Rubric for Student-Written Examination Questionsa

Criteria Excellent (8) Good (6) Poor (4)

Completeness
of the question

1. Followed directions provided Followed half or more of the
instruction provided under
“excellent” column but not all.

Missed most of the directions
in writing the questions2. Matches the question with

objectives provided
3. Identifies which portion of the

lecture the question was derived.
4. Have single best answer and all

other distractors are completely wrong

Usable (2) Not usable (0)

Usability 1. Question does not ask minute details 1. Includes minutes details and
no feedback provided

N/A

2. Includes options of similar length 2. Not usable

3. Feedback provided for correct answer

4. Usable for a quiz or an exam
a Student-written questions were graded on a 10-point scale. Completeness was worth a maximum of 8 points and usability was worth a maximum
of 2 points.
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was their weakness, this exercise helped them to better
understand the concepts and improve their grades.

Students felt that the concepts that were harder to
understand were made easier through the faculty expla-
nations provided for each question. It also motivated
them to study the material, as they knew that some of

the questions would appear on examinations. One student
commented that writing and reviewing questions provided
her an opportunity to look at the material as a professor
would in preparation for the examination.

Some students indicated how difficult it was to
construct relevant questions and plausible but incorrect
answers as well as the correct answer. Overall students
indicated that this activity was a great learning tool that
created interest in the course, helped them to better un-
derstand and retain subject material, and eventually per-
form better in the examinations.

DISCUSSION
Course outcomes and student performance improved

as a result of a student-generated examination question
assignment. Multiple-choice questions may not always
adequately assess all levels of cognitive learning unlike
open response questions. However, assessing large clas-
ses with open-response questions is challenging as these
examinations take an enormous amount of faculty time to
grade. Multiple-choice questions can be used to promote

Figure 1. Student performance in medicinal chemistry com-
ponent of all examinations in the Integrated Pharmacotherapy
VI course during fall 2010 and fall 2011.

Table 3. Student Survey on Learning After Experiencing Student-Written Medicinal Chemistry Examination Questions
Assignment

Statement

Students Choosing This Response, No. (%)a

1 2 3 4 5 UA Mean

I like the idea of writing exam questions by the students 1 (1.4) 1 (1.4) 0 6 (8.5) 62 (87.3) 1 4.8
I would recommend this activity again in the future 2 (2.8) 0 1 (1.4) 4 (5.6) 64 (90.1) 0 4.8
Writing exam questions by the students is a reasonable

expectation by the faculty
0 2 (2.8) 4 (5.6) 14 (19.7) 51 (71.8) 0 4.6

Writing exam questions by the students with 24-48 hours
of lecture delivery was a reasonable expectation

0 1 (1.4) 3 (4.2) 10 (14.1) 55 (77.5) 2 4.7

Instructions given were easy to follow 0 2 (2.8) 4 (5.6) 15 (21.1) 50 (70.4) 0 4.6
Comments provided by the faculty were helpful in

understanding the material better
0 1 (1.4) 5 (7.0) 12 (16.9) 53 (74.6) 0 4.6

Explanations on right/wrong answers for each question
helped me understand material better

0 1 (1.4) 9 (12.7) 14 (19.7) 47 (66.2) 0 4.5

I am able to score better due to the student written
questions and at the same time I did learn the material

1 (1.4) 1 (1.4) 0 6 (8.5) 63 (88.7) 0 4.8

Writing exam questions by the students is helpful
in preparing for the exams

1 (1.4) 0 0 10 (14.1) 60 (84.5) 0 4.8

Writing exam questions by the students provides me
guidance about the concepts that I need to focus

1 (1.4) 1 (1.4) 2 (2.8) 10 (14.1) 57 (80.3) 0 4.7

Writing exam questions by the students helps me to retain
the knowledge from comprehensive material better

2 (2.8) 1 (1.4) 5 (7.0) 15 (21.1) 47 (66.2) 1 4.5

Writing exam questions by the students is a meaningful
learning activity

1 (1.4) 1 (1.4) 2 (2.8) 18 (25.4) 49 (69.0) 0 4.6

Writing exam questions by the students fostered personal
exploration of content

0 0 6 (8.5) 20 (28.2) 45 (63.4) 0 4.5

Abbreviations: UA 5 unanswered.
a Responses were based on a 1-5 rating scale, on which 1 was least agreeable and 5 was strongly agreeable. The number under the rating
column indicates the number of students who picked that option and the number within the parentheses is the corresponding percentage of
students.
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active learning and higher-order thinking when they are
written effectively.11-16 In the current study, detailed in-
structions were given to students for writing effective
multiple-choice questions (Appendix 1).

The current study demonstrates a strategy to use
multiple-choice questions to improve student learning.
Approximately 85%-90% of the students agreed or
strongly agreed (rating scale 4 and 5 combined) that this
activity was well designed, well delivered, useful for
learning, and resulted in better performance on the
examinations. The assignment component of this activity
counted less than 1% of the course grade. Although the
assignment was low stakes, the students participated in
this activity because of its usefulness. All students re-
ceived the corrected assignment with detailed feedback
to all answer choices. Explanations provided for each
question for correct and wrong answers provided further
insight into how the correct answer was the best choice.
Students were motivated to participate because they saw
the usefulness of this instrument in the learning process
and in performance on the examinations.

All studentswere informed that they could take notes
on the concepts presented during class and provide ideas
for constructing quality questions to the assigned group.
Asa result, student engagement in the classroomimproved.
This process encouraged active learning, which is heavy
emphasized by ACPE, and is an appropriate learning
method for millennial students.

Students were informed that if they did not write
questions that followed the instructions provided for
constructing effective multiple-choice questions, their
questions might not be included on the examination. Ad-
herence to the guidelines resulted in a significant number
of high-quality questions written by the students. One of
the challenges faced by the faculty member was to create
examination questions different from the student-written
questions.Most of the conceptswere covered in the student-
written questions and in their explanations, and as a result,
studying the questions and answers written by their peers
made it easier for them to correctly answer the faculty-
written questions on the same topic. When students
wrote a question on any concept, it forced other students
to focus on that material and the question itself served as
a starting point toward understanding the concept. In ad-
dition, this exercise provided an additional platform and
a good starting point for students to begin their study for
the examinations. At the same time, students were more in-
volved with the course content and understood the material
better, which was reflected in their survey responses.

Medicinal chemistry is, in general, viewed by phar-
macy students as a difficult subject to understand. It
is a challenge for faculty members to show students

the importance of basic sciences in pharmacy educa-
tion;17 hence, there is a general lack of interest in basic
science courses among pharmacy students. Faculty
members are always looking for effective ways to better
engage students in the subject and improve their under-
standing.18-20 This activity encouraged students to study
and understand the material better than an assignment
requiringmemorization of facts. Although only 15medici-
nal chemistry lectures were used for this active-learning
exercise, it provided interesting data regarding student per-
formance and was well supported by students. Students
were able to learn the medicinal chemistry material better
through a combination of studying the lecturematerial with
student-written examination questions. The student-written
questions also served as a practice examination.

On average, it took 30-45 minutes to grade every
5 questions submitted by the students. However, it was
worth the effort especially after seeing student percep-
tions of this activity and their examination performance,
in terms of how it helped in learning the material better. It
also engaged students with the course much deeper and
made them feel like they were well-connected with the
course content. Expanding the exercise to encompass all
course content might benefit students even more. It could
be challenging to administer such an exercise in inte-
grated courses taught by multiple instructors, as the feed-
back provided by different faculty members might vary
significantly. Coordinating faculty members from differ-
ent disciplines could also be challenging. Nevertheless,
it would be possible to implement this assignment in
a multi-instructor taught course by providing detailed
instructions to the faculty members. To further improve
the effectiveness of this activity, the order of the an-
swer choices for the student-written questions should be
scrambled to prevent memorization as mentioned by a
few students in the survey responses. Submitting ques-
tions within 48 hours after the lecture delivery was chal-
lenging for a few students.

CONCLUSION
An exercise that required students to write examina-

tion questions was effective not only as a graded group
assignment, but also as a tool to encourage classroom
engagement and as a study aid for examinations. Writing
the questions provided an ideal platform for “learning by
teaching” where students assumed the role of an instruc-
tor. The questions generated through this assignment
helped students in several ways such as serving as a study
guide for examinations, leading them to understand diffi-
cult material better, reinforcing concepts learned in class,
etc. Many students felt that this exercise was a novel idea
and recommended implementing it in other courses. The
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assignment also led students to be engaged more actively
in class as they were listening to identify possible con-
cepts for which to write quality questions. This activity
could also be used in other courses across the pharmacy
curriculum.
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Appendix 1. Student instructions for writing multiple-choice questions.

1. Questions should be derived from one or more of the learning objectives presented in the class.
2. All questions needed to be written in a multiple choice format with 4-5 choices on the assigned topic.
3. Single best answer is always better in writing good questions.
4. If you CANNOT create five choices with four distractors for a given question, you can go one less, than throwing in

a choice which might not distract anybody.
5. Avoid the following types of questions in the exams (most competitive exams try to stay away from such questions)

a. Avoid True/False questions (when the answer is unknown to the student it gives the student a 50% of the chance to
getting it right leading to poor question discrimination).

b. Avoid K-type questions (Examples given below)
Which of the following are muscle relaxants:
1. Atracurium
2. Vecuronium
3. Mivacurium
4. Valium

A. Choices 1,2 and 3 are correct.
B. Choices 1 and 3 are correct.
C. Choices 2 and 4 are correct.
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D. Only choice 4 is correct.
E. All choices are correct.

Which of the following are muscle relaxants:
A. Atracurium
B. Vecuronium
C. Mivacurium
D. Choices 1 and 3 are correct
E. All choices are correct.

6. Avoid “ All the above” or “ none of the above” choices ( using these foils, it only takes student to know two of the choices
to be either right or wrong to get the answer right)

7. Try to avoid questions like the following
a. Which of the following statements is correct or wrong (false)?
In using this kind of statements in the questions “which is NOT” directed in testing particular concept, is unfair for
the students to know whole chapter to answer one question), instead covert your question as following.

b. Which of the following statements in relation to mechanism of action of Morphine is correct?
The above question makes more sense than the previous because it tests the particular concept in the topic and what
they know not what they don’t know.

8. SAR and metabolism should accompany structures. Free chemistry software can be downloaded from the following Web
site (http://www.chem.orst.edu/courses/ch361-464/ch361/free_chemistry_drawing_software.htm). You can also down-
load chem draw software for two week free trial.

9. Here is an example of med chem question based on SAR
Replacing with which of the following substituents at both R2 and R3 (general structure provided below) would result in

an inactive muscarinic antagonist?

a. Phenyl
b. Naphthyl
c. Cyclohexyl
d. Cyclopentyl

10. Not all medicinal chemistry questions necessarily accompany structures. At least half of the questions submitted by each
group must accompany structures if not all.

11. You will have 0.75% of course grade assigned to this assignment.
12. While working in groups, make sure all questions are sufficiently different and usable on the exams.
13. It is also groups responsibility to check each other’s questions and make sure everyone understands what others wrote

and be able to explain
14. One student written question from each group will be used on the exams. Include your group number next to each

question
15. You are required to submit your questions 48 hours after your assigned lecture is delivered
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