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Objective. The purpose of this study was to evaluate the impact of an interactive student response
(ISR) system on student learning, interest, and satisfaction.

Methods. Students enrolled in 3 courses, Clinical Pharmacokinetics, Medical Literature Evaluation,
and Pathophysiology and Therapeutics, were taught using either a traditional lecture format (study year
1) or an ISR system format (study year 2). Primary outcomes of interest were performance on exami-
nations and student attitudes.

Results. Students using the ISR system had better scores on the Clinical Pharmacokinetics examina-
tion questions (mean scores, 82.6% £ 9.6% vs 63.8% = 8.3%, p <0.001), on the cumulative final exam-
ination for Medical Literature Evaluation (82.9% +11.5% vs 78.0% % 12.2%, p = 0.016), and on the
evaluable “analysis type” examination questions in the Pathophysiology and Therapeutics course
(82.5% + 8.7% vs 77.4% £ 12.5%, p = 0.0002). Students using the ISR system in all 3 courses were
positive about the system.

Conclusion. The ISR system was a useful tool for encouraging active student learning and was well
received by students. This system can be efficiently used to gauge student understanding in the class-

room and enhance student performance.
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BACKGROUND

Colleges and schools of pharmacy have undergone
major curricular changes to better prepare first-profes-
sional degree doctor of pharmacy students for practice
and to enhance problem-solving skills. The use of tech-
niques that foster active learning and critical thinking are
necessary to accomplish this task. Despite increased
efforts to enhance active learning, many pharmacy edu-
cators have difficulty engaging and maintaining the inter-
est of all students in large classrooms.! Engaging students
throughout a lecture is believed to make them more active
participants rather then passive listeners.? Lecturing alone
often provides only factual information to students, with-
out enabling them to apply the knowledge. Relying on
hand-raising or volunteered responses to questions posed
by instructors in class usually only secures responses
from a small number of more outspoken students. Other
techniques have been used to determine student under-
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standing of concepts and areas of confusion during class
(eg, short quizzes, asking students to write down ques-
tions they have, etc). However, it takes time to review the
students’ responses. Thus, it is difficult for instructors to
fully assess the degree of student comprehension of the
material as it is being presented.

Reports from as early as the 1970s on the use of elec-
tronic response systems in educational programs showed
that such systems could serve as useful tools in large
classrooms.? Audience response systems (ARS) are elec-
tronic tools that provide instantaneous feedback to facil-
itators and audience members about participants’
responses (anonymously) to multiple-choice questions.
ARS technology has largely been used by the corporate
sector at training meetings and conferences, or as inter-
active trivia gaming system in taverns. Studies of ARS in
corporate training have reported enhanced trainee inter-
est, attentiveness, and retention.* The term inferactive
student response (ISR) system was coined for referring
to these systems in the classroom setting. The typical
ISR system includes a computer and specific software, a
projector and screen, a radio signal receiver unit or a
directly wired receiver unit, and personal hand-held units
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OptionFinder

Figure 1. ISR handheld unit (used with permission of Option
Technologies, LLC, Ogden, UT).

(Figure 1) that are used by individual students to respond
to questions (Figure 2). Individual anonymous responses
to questions can be compiled in aggregate as bar graphs
or percentages and available instantaneously on a screen
for viewing by the instructor and attendees (Figures 3
and 4). ISR systems appear to provide several benefits
that can facilitate active learning in the classroom set-
ting. All students have the capability of answering every
question anonymously, without fear of mistake or
ridicule. In addition, instructors can immediately assess
student comprehension of concepts and address any mis-
conceptions or areas of confusion. Because the ISR sys-
tems provide an almost game show-like atmosphere, an
additional proposed benefit is that they can provide
entertainment or friendly competition in the class and
thereby increase student attention. Many of these sys-
tems have tracking features that permit the instructors to
identify respondents and their answers in a saved data-
base. Therefore, ISR systems may also provide a rapid,
paperless alternative to quizzing, which can streamline
the grading process.

Evaluation of ISR systems in the academic classroom
setting has been limited to a few small studies in the
physics, nursing, and medicine curricula. Poulis and col-
leagues studied the use of a single response hardwired
(non-wireless) unit in physics lectures.> The students

v
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Figure 2. Students using the ISR system during class.

could signal “yes” in response to “yes/no” questions.
Higher pass rates were reported with use of this system.
Improved student attendance was reported by another
physics course study when a multiresponse ISR system
was used.® Roy and colleagues studied the use of an ISR
system in 8 medical lectures and reported increased stu-
dent-lecturer interaction and student and faculty satisfac-
tion with the ISR system vs traditional lecture.> They also
reported that it took significantly longer to cover the same
material with the use of the ISR system. A study of a small
group of nursing students did not find a significant differ-
ence in total examination scores with a multiresponse unit,
but they reported improved examination scores in the ISR
group as the class became used to the technology.’
Performance on the third of 3 examinations was actually
better in the ISR group. To date, ISR systems have not
been formally studied in pharmacy curricula. The purpose
of this study was to compare the use of an ISR system with
a traditional lecture format in different courses to deter-
mine its effect on student learning and satisfaction.
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What statistical test should be used to compare the results of
bone mineral density tests in different groups of patients
receiving either Fosamaz or Actonel to prevent osteoporosis
{assume datanot normally distributed) ?

Statistical Test Student Answer
T-test 4%
One-way ANOVA 4%
Mann-Whitney U 48%
Chi-Square 7%
McNemar Test 12%40
Repeated measures ANOVA 4%%

Pearzon r 7%
Wilcoxon signed-rank test 9%
Kruskal-Wallis 5%

Figure 3. Classroom polling results in percentage format for
a typical question.

METHODS

This study was conducted over a period of 2 academic
years (2001-2003). During the first year, first professional
degree doctor of pharmacy students enrolled in 3 different
courses: Clinical Pharmacokinetics, Medical Literature
Evaluation, and Pathophysiology and Therapeutics 111
(Infectious Diseases and Nephrology modules only), were
taught using traditional lecture and mini-case/examples
formats. Class participation in this control group year was
limited to student volunteers, those asking questions, or
those directly called upon. In the second year, course mate-
rial was taught essentially the same way, except that an ISR
system (Optionfinder, Option Technologies Interactive,
LLC, Ogden, UT) was used during multiple designated
class sessions. Each student in the second year of the study
used an assigned handheld unit that transmitted their
queried responses to a computer, which then projected the
aggregate student responses in histogram or percentage
form on a viewing screen at the front of the classroom
(Figures 3 and 4). After the students selected their answers,
the instructors routinely asked for volunteers to explain
their answer. This was intended to trigger a useful class dis-
cussion and allowed for clarification. In addition, if sever-
al students answered a question incorrectly, the instructors
would review the rationale behind the correct answer. The
handheld units were programmed to track in-class respons-
es by individual students for subsequent data analysis for
this study. The individual students’ electronic responses
could not be identified in class. The same 4 instructors
taught all course work, and the same material was covered
in both years. The 3 courses were selected because they
represented 3 diverse types of coursework in a pharmacy
curriculum and included subjects that previous students
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Figure 4. Classroom polling results in bar graph format.

were known to have difficulty learning. The Medical
Literature Evaluation course is taught in the spring semes-
ter of the second year of the professional curriculum, and
the Pathophysiology and Therapeutics and Clinical
Pharmacokinetics courses are in the fall and spring semes-
ter, respectively, of the third professional year of the cur-
riculum. The Infectious Diseases and Nephrology modules
comprised 50% of the Pathophysiology and Therapeutics
course. There was some material in the Pathophysiology
and Therapeutics and Clinical Pharmacokinetics courses
that was not taught using the ISR system in the second year
of the study. None of the examinations were returned to the
students to limit sharing of examination material with the
subsequent classes being evaluated. All students in the sec-
ond year of the study were asked to sign a letter stating
their interest in using the ISR handheld units to comply
with the requirements of the West Virginia University
Institutional Review Board.

The primary outcome measure was performance on
examinations for students taught by traditional lectures
compared with those taught with the ISR system. Only
examination material that corresponded with material
that was covered during the study segments of the cours-
es was considered evaluable. Individual ISR in-class
question correct answer response rates were collected to
test for a relationship with examination scores. A survey
with Likert-type and non-Likert-type questions was
administered to students in both years at the end of the
courses to evaluate their satisfaction with the correspon-
ding teaching-learning format. The 4 faculty members
using the ISR system also completed a brief 8-question
open-ended survey.

Differences in examination scores and baseline grade
point averages (GPAs) between the traditional and ISR
system classes were evaluated using an unpaired, 2-tailed
t test. Linear regression with calculation of the Pearson
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correlation coefficient and coefficient of determination
(r?) were employed for studying the relationship between
in-class ISR system scores and examination scores. The
Mann-Whitney U test was used for analysis of categori-
cal data (student attitudinal survey results).

RESULTS
Students and ISR System Response Data

Cumulative pharmacy GPAs between the students in
both years of the study were not significantly different
prior to the course work being evaluated (3.45 & 0.33 vs
3.45+0.38, p=0.91 for the Medical Literature Evaluation
classes, and 3.33 £ 0.37 vs 3.43 + 0.34, p = 0.08 for the
Clinical Pharmacokinetics and Pathophysiology and
Therapeutics classes). Class sizes for the Clinical
Pharmacokinetics and Pathophysiology and Therapeutics
courses were 65 in the first year and 66 in the second year.
Class sizes for the Medical Literature Evaluation course
were 66 in the first year of the study, and 75 in the second
year. Three students requested not to participate with the
ISR handheld wunits in the Pathophysiology and
Therapeutics and Clinical Pharmacokinetics classes and
only 1 student opted not to use the ISR units in the Medical
Literature Evaluation course. Throughout the semester
there were 43 in-class ISR questions asked in the Clinical
Pharmacokinetics course, 127 in the Medical Literature
Evaluation course, and 70 in the Pathophysiology and
Therapeutics course. Most of the in-class questions used
with the ISR system were also used for the in-class discus-
sion during the traditional “lecture” year of the project. The
correct in-class ISR response rate based on the single
“best” answers was 59.8% <+ 20.1 for Clinical
Pharmacokinetics, 56.8% =+ 18.9 for Medical Literature
Evaluation, and 52.2% + 13.0 for Pathophysiology and
Therapeutics.

Examinations

Students using the ISR system in the Clinical
Pharmacokinetics course achieved significantly higher
examination scores on the evaluable questions than stu-
dents who did not use the ISR system (mean scores:
82.6% £ 9.6 vs 63.8% £ 8.3, p <0.001). Although this dif-
ference is substantial, the significantly different number
of evaluable test questions used for the first- and second-
year students’ study groups may have influenced the dif-
ference (115 vs 225, respectively). The difference in the
number of evaluable questions is mainly because individ-
ual student answers were not available for the first exam-
ination in the first-year group. When examination
(midterm and final) scores were combined for the
Medical Literature Evaluation course, no statistical dif-

ference was detected between the 2 classes. However,
when grades from only the cumulative final examination
(ie, omitting the midterm examination scores) were com-
pared, the class using the ISR system performed signifi-
cantly better (82.9% =+11.5% vs 78.0% =+ 12.2%,
p =0.016). A statistical difference in examination scores
for the Pathophysiology and Therapeutics course was not
found when all evaluable questions were analyzed togeth-
er. However, when the evaluable examination questions
for the Pathophysiology and Therapeutics course were
analyzed by type of question, significantly higher scores
were seen with ISR use for those questions that required
“analytical” type thinking consistent with Bloom’s taxon-
omy of questioning® (82.5% =+ 8.7% vs 77.4% + 12.5%,
p =0.002). The examination grades were not significant-
ly different for questions that required strict memoriza-
tion. The Clinical Pharmacokinetics and Medical
Literature Evaluation courses used only analytical type
questions on their respective examinations, so compar-
isons between different question types were not possible.

Scatter plots of corresponding student in-class ISR
scores and examination scores appear in Figures 5a, 5b,
and Sc. There did not appear to be a strong relationship
between in-class ISR scores and examination scores in
any of the classes. The strongest correlation was in the
Medical Literature Evaluation course (Figure 5b) where
approximately 20% of the variability of examination
scores can be explained by the performance of students
using the ISR system in class (2 = 0.20).

Student Survey Results

Student responses on a Likert-type scale to the survey
items are shown in Tables 1, 2, and 3. The students using
the ISR system in all 3 courses uniformly reported more
positive rates of satisfaction with the teaching-learning for-
mat than the students who were taught by traditional meth-
ods. Overall, students using the ISR system had positive
remarks about its use. Most respondents believed that the
ISR system enhanced their understanding of the material
and made them more active class participants. Student-
reported attendance did not appear to be different between
any of the groups. Students in the Medical Literature
Evaluation and Clinical Pharmacokinetics courses were
specifically asked if the ISR system should continue to be
used, and 91% and 87% of students in the 2 respective
courses either “agreed” or “strongly agreed.” Responses
from students in the Clinical Pharmacokinetics course
generally indicated that the ISR system helped them secure
answers to their questions more thoroughly and in a non-
intimidating way. Responses from students in the Medical
Literature Evaluation course indicated that compared with
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Table 1. Student Responses Regarding a Clinical Pharmaceokinetics Course Taught Using Either a Traditional Learning Format
(N=65 Students) or an Interactive Student Response System (N=67 Students)

Percent Responding

Strongly Strongly
Learning Disagree Agree
Question Format 1 2 3 4 5 P
I enjoyed the teaching/learning format used in the course. Traditional 4 17 26 28 26
. 0.002
Interactive 3 0 2 62 33
The class format encouraged active learning on the part of the  Traditional 2 9 19 43 28
students. Interactive 2 2 7 57 33
The instructors obtained sufficient feedback from students dur-  Traditional 0 2 19 57 21
ing class to assess student understanding of the class materials.  Interactive 2 0 5 62 31
The instructor often moved through concepts faster than [ could Traditional 17 49 21 11 2
understand them. Interactive 26 50 16 5 3
A sufficient number of clinical examples or case studies were Traditional 0 6 4 60 30
used to emphasize important concepts. Interactive 2 0 10 57 31
I am confident in my ability to evaluate and recommend drug ~ Traditional 0 6 38 38 17
therapy as a result of the material covered. Interactive 3 5 35 45 12
The amount of material covered in these areas was appropriate.  Traditional 0 0 11 60 30
Interactive 2 0 7 67 24
I completed the required reading assignments before coming to  Traditional 50 20 24 7 0
class Interactive 55 24 12 3 5
The questions I had about the material were answered during Traditional 2 4 36 45 13
. . 0.042
class sessions. Interactive 3 5 12 59 21
I was an active participant in class. Traditional 13 19 28 32 9
Interactive 19 26 26 17 12
I had difficulty paying attention in class. Traditional 13 15 40 26 6
Interactive 10 31 35 16 9
I felt comfortable asking questions during class about material I Traditional 15 26 26 17 17 0.018
didn't understand. Interactive 2 14 31 35 19 ’
I had a good understanding of the material as it was being dis-  Traditional 0 11 34 36 19
cussed in class. Interactive 2 3 24 52 19

traditional instruction, the ISR system encouraged more
active learning, provided the instructor with more feedback
to assess student understanding of material, and helped
hold their attention in class. In addition, students in the ISR
group reported a significantly higher percentage rate of
compliance with the required reading assignments in the
Medical Literature Evaluation course (p = 0.029). Despite
these benefits, they also believed that there was a less than
sufficient amount of clinical or case examples used in the
ISR group to emphasize important concepts. Responses
from students in the Pathophysiology and Therapeutics
course indicated that compared with traditional instruction,
the ISR system encouraged active learning. In addition, the
ISR students felt more strongly that the instructor was pro-
vided with sufficient feedback on student understanding of
material, that there was a sufficient amount of clinical or
case examples to emphasize important concepts, and there
was a better pace for student comprehension. Students

using the ISR system in the Pathophysiology and
Therapeutics course reported that they did not answer as
many questions aloud in class. Nonetheless, there was con-
siderable nonverbal class participation with the ISR units.
In addition, students in the Pathophysiology and
Therapeutics 1SR group indicated a lower rate of reading
prelecture assignments.

Overall, the students that used the ISR system had
positive remarks about its use (Table 4). Most respon-
dents believed that the ISR system enhanced their under-
standing of the material and made them a more active
participant in class.

Faculty Survey Results

All 4 instructors believed that the ISR system was ben-
eficial to student learning. Three of the instructors believed
that the ISR system improved student participation and
attentiveness. Being able to instantly assess student compre-
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Table 2. Student Responses Regarding a Medical Literature Evaluation Course Taught Using Either a Traditional Learning
Format (N=65 Students) or an Interactive Student Response System (N=67 Students)

Percent Responding

Strongly Strongly

Learning Disagree Agree

Question Format 1 2 3 4 5 P

I enjoyed the teaching/learning format used in the course. Traditional 15 29 27 27 2 0.024
Interactive 10 16 29 31 13 '

The class format encouraged active learning on the part of the  Traditional 0 24 27 36 13 0.01

students. Interactive 2 4 27 44 24 '

The instructors obtained sufficient feedback from students dur- Traditional 2 7 47 33 11 0.029

ing class to assess student understanding of the class materials. Interactive 2 9 25 41 24 ’

The instructor often moved through concepts faster than I could Traditional 11 46 22 20 2

understand them. Interactive 10 35 21 21 13

A sufficient number of clinical examples or case studies were ~ Traditional 0 0 16 53 31 0.021

used to emphasize important concepts. Interactive 2 7 24 49 19 ‘

I am confident in my ability to evaluate and recommend drug  Traditional 6 24 36 27 7

therapy as a result of the material covered. Interactive 4 15 35 43 19

The amount of material covered in these areas was appropriate. Traditional 11 27 27 29 6
Interactive 12 18 21 40 10

I completed the required reading assignments before coming to Traditional 4 24 22 36 15

class Interactive 12 15 32 25 16

The questions I had about the material were answered during  Traditional 0 6 29 51 15

class sessions. Interactive 3 8 30 48 12

I was an active participant in class. Traditional 9 29 31 27 4 0.013
Interactive 4 15 31 44 6 '

I had difficulty paying attention in class. Traditional 2 20 31 33 15 0.005
Interactive 10 34 25 24 6 ’

I felt comfortable asking questions during class about material I Traditional 2 20 35 33 11

didn't understand. Interactive 6 10 27 47 10

I had a good understanding of the material as it was being dis-  Traditional 0 9 38 40 13

cussed in class. Interactive 3 9 34 47 7

hension of concepts and address misconceptions were
believed to be major advantages of the system. Each instruc-
tor also believed that they needed to become more proficient
at using the ISR system and at developing better ISR in-class
questions. Some of the instructors were concerned that less
material was covered in-class when they used the ISR sys-
tem. They also believed that students had to come to class
prepared for discussion (ie, completion of reading assign-
ments, etc) for the system to be of most benefit.

DISCUSSION

Faculty members need to continue to use techniques
that foster active learning and critical thinking in students.
The use of an ISR system in the classroom setting was a
well-received and effective tool for creating such an envi-
ronment. To our knowledge, this is the largest published
study evaluating the use of ISR systems in academic class-
rooms and the only one reported by a school of pharmacy.

The results of this study are compelling in one particular
respect. Students that used the ISR system in class had bet-
ter examination scores on the Clinical Pharmacokinetics
examinations, on the Medical Literature Evaluation cumu-
lative final examination, and on the “analysis” type exam-
ination questions in the Pathophysiology and Therapeutics
course. These findings are suggestive of improved materi-
al comprehension, application, and retention beyond the
short term (ie, “cramming”). The impact of the ISR system
on various outcomes was not identical across the 3 cours-
es. Differences in results between the 3 courses can be
attributed to many factors including individual instructors
and type of coursework. The Medical Literature
Evaluation course covers biostatistics and study design,
and each segment builds upon previous segments. In the
Pathophysiology and Therapeutics course, material tends
to be more compartmentalized (eg, organ system involve-
ment, type of pathogen, etc). Material in the Clinical
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Table 3. Student Responses Regarding a Pathophysiology & Therapeutics 11l Course Taught Using Either a Traditional Learning
Format (N=65 Students) or an Interactive Student Response System (N=67 Students)

Percent Responding

Strongly Strongly
Learning Disagree Agree
Survey Item Format 1 2 3 4 5 P
I enjoyed the teaching/learning format used in the course. Traditional 0 2 22 56 20
. 0.001
Interactive 0 2 3 45 50
The class format encouraged active learning on the part of the Traditional 2 2 18 51 27 0.001
students. Interactive 0 0 5 35 60 '
The instructors obtained sufficient feedback from students during  Traditional 0 11 22 44 22 0.009
class to assess student understanding of the class materials. Interactive 0 2 8 55 35 ‘
The instructor often moved through concepts faster than I could Traditional 7 24 29 29 11 0.001
understand them. Interactive 23 57 12 8 0 '
A sufficient number of clinical examples or case studies were used Traditional 0 4 16 64 16 0.001
to emphasize important concepts. Interactive 0 0 2 50 48 ‘
I am confident in my ability to evaluate and recommend drug ther- Traditional 2 11 47 40 0
apy as a result of the material covered. Interactive 2 8 55 32 3
The amount of material covered in these areas was appropriate. Traditional 7 11 24 38 20
Interactive 2 3 23 57 15
I completed the required reading assignments before coming to Traditional 24 27 38 9 2
. 0.001
class Interactive 48 37 12 3 0
The questions I had about the material were answered during class Traditional 0 2 29 53 16
sessions. Interactive 2 2 25 60 12
I was an active participant in class. Traditional 2 18 40 33 7
Interactive 7 7 30 40 17
I had difficulty paying attention in class. Traditional 36 44 7 13
Interactive 22 53 13 7 5
I felt comfortable asking questions during class about material | Traditional 9 9 18 46 18
didn't understand. Interactive 7 17 27 37 13
I had a good understanding of the material as it was being discussed Traditional 0 7 24 58 11
in class. Interactive 2 0 23 67 8

Pharmacokinetics course has some aspects that build upon
earlier material. This course uses foundational material and
applies it to individualized agents and situations.

Despite the positive findings of this project, there was
a significantly lower rate of reading prelecture assign-
ments in the ISR group in the Pathophysiology and
Therapeutics course. The reasons for this are unclear.
Perhaps students believed that with use of the more
“anonymous” ISR system, they would not be called upon
by name to answer questions. In contrast, ISR students in
the Medical Literature Evaluation course reported reading
a larger percentage overall of reading assignments.

An evaluation was performed to determine whether
the in-class ISR question scores of individual students
could predict performance on examinations.
Examination performance can be influenced by many
other factors, so it is not surprising that strong correla-
tions between in-class ISR scores and examination

scores were not found. Nonetheless, the fact that 20% of
the variability in examination scores from the Medical
Literature Evaluation course can be explained by the
variability in ISR scores may attest to the usefulness of
such a tool with that particular type of coursework.
Overall, the student and faculty attitudinal responses
to the ISR system were very positive. Survey results indi-
cated that the ISR system encouraged active learning and
provided instructors with sufficient feedback. Although 2
of the 4 faculty members felt that use of the ISR system
reduced the amount of material covered, this was not
apparent from the students’ perspective. Precisely quanti-
fying the reduction in course material taught was difficult.
Different courses covered the material in different ways.
For example, in the Medical Literature Evaluation course,
the same amount of material was covered with the ISR
system since the students used a computer instructional
program outside of class time for the course content and
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Table 4. Comparison of Survey Responses Among Students Using Interactive Response Systems in a Clinical Pharmacokinetics
Course (n=39), Medical Literature Course (n = 67), and Pathophysiology & Therapeutics Course (n = 60)

Percent Responding

Strongly Strongly

Disagree Agree
Survey Item Course 1 2 3 4 5
I enjoyed the use of the audience response system Clinical Pharmacokinetics 3 5 10 31 51
used in this course. Medical Literature 0 0 6 28 66
Pathophysiology & Therapeutics 0 0 3 33 63
I believe the use of this audience response technology Clinical Pharmacokinetics 3 3 21 23 51
enhanced my understanding of the material covered in Medical Literature 0 6 10 22 61
this course. Pathophysiology & Therapeutics 0 2 5 47 47
I believe that use of the audience response system Clinical Pharmacokinetics 3 3 13 41 41
allowed me to be a more active participant in this Medical Literature 0 3 25 66
course. Pathophysiology & Therapeutics 0 0 5 33 62

the ISR system was used for discussion/question and
answer sessions. In the Pathophysiology and Therapeutics
course, in which most content is taught in-class, both
instructors believed they covered about 5%-10% less
material when using the ISR system. Despite the many
positive results with the ISR system, significant differ-
ences in student confidence in evaluating and recom-
mending drug therapy or in understanding material as it
was being discussed in class were not identified.

ISR systems have tremendous potential as tools for
assessing the extent to which students grasp important
concepts. They may also provide a paperless alternative
to quizzing. ISR systems will likely have a significant
role in the classroom of the future, which will probably
employ individual personal digital assistants (PDAs) or
laptop computers as response units. Since there are many
different ISR system manufacturers, products, options,
and pricing arrangements available, the cost of these sys-
tems can vary. Faculty members must remember that
ISR technology is only a tool and as such requires dedi-
cated faculty members to develop useful cases and ques-
tions, and to facilitate discussions and foster an active
student-learning environment. It takes time to design
questions that appropriately assess student mastery of
key concepts and applications as they are addressed in a
course. This must be kept in mind if an ISR system is
used. The faculty members who used the ISR system
plan to continue using it. We have not yet solicited the
interest or involvement of additional faculty members.

CONCLUSIONS

ISR systems are useful tools for encouraging active
learning in pharmacy courses. These systems can facili-
tate active student participation in the classroom in an

enjoyable way. ISR systems can be effectively used to
gauge student understanding in the classroom. Use of the
ISR system resulted in significant improvement on cer-
tain examination scores. Student and faculty member
opinions were generally favorable to ISR system use.
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