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Abstract

Teaching introductory business statistics presents many challenges, including motivating stu-
dents to engage in the learning process. This research presents a real-life application of in-
corporating radio-frequency clickers into the course delivery of introductory business statistics.
These “clickers” are part of a student response system that allow students to answer questions
and records their responses in real time during class meetings. Using clickers provides a fun
and interactive way for faculty to get immediate feedback from students and gauge their level
of understanding of class material. It permits the instructor to adjust the pace of the class
according to students’ understanding. Clickers also allow students to gauge their own under-
standing of the material and provide an opportunity to respond to in-class questions anony-
mously. This paper discusses an application of using clickers in an introductory business sta-
tistics courses and an analysis of the results of a student survey on perceived clicker class-

room usage, along with a discussion of the lessons learned.

Keywords: Student Response Systems, Clickers, Business Statistics, Active Learning

1. INTRODUCTION

Teaching introductory business statistics
presents many challenges, including moti-
vating students to engage in the learning
process. Since business statistics is known
for being a course that requires quantitative
skills and provides challenging concepts, the
majority of business students are, unfortu-
nately, enrolled based solely on the curricu-
lum requirements and lack the necessary
motivation to thoroughly learn the material.
Utilizing traditional teaching practices often
exacerbates this problem. Typically, the in-
structor lectures and select students respond
to questions while the majority, all too many
of whom having weak or insufficient prepa-
ration in their mathematics, remain disinte-
rested, do not understand, or do not pay
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careful attention. The instructor often does
not realize the extent to which students do
not comprehend the material until after
grading student quizzes and exams.

This research presents a real-life application
to address some of these challenges by in-
corporating radio-frequency clickers into the
course delivery of introductory business sta-
tistics. These “clickers” are part of a student
response system that allows students to an-
swer questions and records their responses
in real time during class meetings. Using
clickers provides what could be a fun and
interactive way for faculty to get immediate
feedback from students and gauge their lev-
el of understanding of class material. It
permits the instructor to adjust the pace of
the class according to students’ understand-
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ing. From the opposite perspective, the
students are more alert in class since they
are anticipating clicker questions. In addi-
tion, students using the clickers are able to
gauge their own understanding of the ma-
terial and thus they may ask more timely
questions. Finally, students are more willing
to respond to “clicker questions” because
their answers are received anonymously,
avoiding the potential for embarrassment
that might occur if erring in the presence of
peers.

This paper will present an overview of the
clicker-system, a review of the existing lite-
rature on incorporating clickers into the
classroom, a discussion of our real-life appli-
cation using clickers in introductory business
statistics courses, the results of a student
survey on perceived clicker classroom usage,
along with the discussion of the lessons
learned, future research, and our conclu-
sions.

2. OVERVIEW OF THE STUDENT
RESPONSE SYSTEM

A student response system is a technology
that allows an instructor to present a ques-
tion or problem in class, allows students to
enter their answers into a device; and in-
stantly aggregates and summarizes the stu-
dents’ responses. Clickers are the devices
used by the students to enter the responses.
Beatty (2004) provides an overview of stu-
dent response systems.

Although clickers have been used in class-
room settings since 1985 (Beatty, 2004),
the technology has improved and their use
has become more widespread over the last
few years. The clickers used in this study
are the Interwrite PRS RF. They utilize ra-
dio-frequency technology, so line-of-sight
with the instructor’s receiver device (similar
to a flashdrive plugged into the instructor’s
USB drive) is not necessary. Since each
student purchases his or her own clicker,
each clicker can be programmed with the
student’s identifying information (name,
student ID, etc.). As a result the instructor
can use the data collected by the system to
track student performance and attendance.
The Interwrite PRS instructor software al-
lows instructors to present “clicker ques-
tions” within a PowerPoint presentation.
Each clicker has numeric buttons 0 through
9, a negative sign, and a decimal point. In
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addition, each clicker has buttons to indicate
true/false and multiple choice responses - A,
B, C, D and E. Therefore, questions can be
numerical and require a mathematical calcu-
lation, true/false, or multiple choice. Figure
1 contains a picture of the Interwrite PRS RF
clicker.

Figure 1: Interwrite PRS RF Clicker

Each time a question is presented to the
class, students are given a pre-set amount
of time to respond to the question using
their personal clicker. While the question is
being administered, the number of res-
ponses is counted so the instructor may
choose to increase or decrease the amount
of time needed to complete the question.
The clicker would then send a radio-
frequency signal containing the student’s
identifying information and the student’s
response to the instructor’s receiver device.
At the end of the allotted time, the class re-
sults are tabulated and presented in the
form of a vertical bar chart and the correct
response is indicated. There is no public
display identifying which students responded
correctly or incorrectly. However, such in-
formation is saved on the instructor’s com-
puter for later use.

3. LITERATURE REVIEW

Since clickers have only been integrated into
classroom pedagogy over the past few
years, much of the literature on student re-
sponse systems is still in its infancy. Exist-
ing literature focuses either on case studies
of implementations exploring student feed-
back and/or student learning, or the litera-
ture focuses on the goals of incorporating
student response systems in a classroom
setting.

Instructors in a variety of disciplines have
been experimenting with clickers in the
classroom. As examples, Nelson and Hauck
(2008) discuss their experiences with click-
ers in a management information systems
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course, Taylor (2007) implemented a clicker
experiment in an accounting course, McKen-
zie, et al (2006) described the use of clickers
in a very large section of an introductory
business statistics course, Presby and Zak-
heim (2006) utilized clickers in a quantita-
tive methods course, and Hoffman and
Goodwin (2006) implemented a clicker sys-
tem for library instruction.

Other studies, such as Mayer (2008) and
Yourstone, et al (2008) explore whether or
not students using clickers to reinforce top-
ics were able to retain and transfer material
better than students taught without using
clickers.

Nevertheless, much of the literature on stu-
dent response systems focuses on the goals
of incorporating them into the classroom.
One of the main goals for implementing the
system is to provide an active learning envi-
ronment. Active learning refers to tech-
niques that require students to actively
process and apply the information to learn
as opposed to passive listening in a typical
lecture setting (Meyer and Jones, 1993).
Active learning requires students to analyze,
synthesize, and evaluate material resulting
in better understanding and longer reten-
tion. One of the main goals of incorporating
clickers into the classroom is to provide this
active learning environment (Cunningham
(2008), Hoffman and Goodwin (2006)).

4. CLICKER EXPERIMENT

This “clicker experiment” was conducted
during the Spring 2008 semester by the two
authors teaching a total of four introductory
business statistics sections in a School of
Business at a mid-size state university on
the East Coast. Of the four business statis-
tics courses, three were day session under-
graduate courses and the fourth section was
an evening session MBA-level course. Each
undergraduate class met twice a week dur-
ing the day for one hour and fifteen minutes
and the graduate class met once a week in
the evening for two and a half hours. At this
university, clickers are a fairly new pheno-
menon and less than 5% of the students
have used clickers in previous classes. This
had also been the first experience with the
Interwrite PRS RF clickers for both of the
instructors.
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Students purchased the required clickers
through the university’s book store and were
required to bring the clickers to each class
meeting. All class presentations began with
a PowerPoint slide containing a clicker ques-
tion for the purpose of attendance. Depend-
ing on the lecture material, an additional two
to five clicker questions were embedded into
each Power Point presentation in the under-
graduate class and an additional four to
eight clicker questions were embedded into
each Power Point presentation in the gradu-
ate class. The format of questions ranged
from true/false to multiple choice to numeric
analysis. The true/false and multiple choice
questions were typically qualitative and
would reinforce major concepts; however,
the majority of questions did require numer-
ic analysis since the statistics courses is
quantitative and students needed to practice
solving problems in order to comprehend the
material. The amount of time provided to
complete each question varied and the in-
structor was able to increase the available
time as needed until the majority of the stu-
dents recorded their responses via their
clickers as indicating in a counter on the in-
structor’'s computer. After each clicker ques-
tion, the correct response and a vertical bar
chart anonymously presenting all student
responses were automatically displayed.
Figure 2 shows a sample of a clicker ques-
tion embedded into a PowerPoint presenta-
tion.

Figure 2: Sample Clicker Question Embed-
ded into a PowerPoint Presentation

Clicker Question for Confidence
‘ Interval Estimation

T

= On March 4, 2008, the Ohio Democratic primary took
place. A random sample of n = 1,600 voters out of the
voting population of over two million registered Democrats
were surveyed leaving the polling boths in an “exit poll”
and 880 of them (i.e., 55%) said they supported Hillary
Rodham Clinton.

= Using 95% confidence in their estimate, can the polling
firm declare Senator Clinton the winner of the Ohio
primary?

= A Yes

= B No

= C Not possible to determine

W

After each class meeting, the instructor
software for the Interwrite PRS RF clickers
allowed the instructor to generate reports
pertaining to each student within a course
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section, recording whether or not the res-
ponses to each question in the class session
were correct. Although it is possible to in-
corporate these results in calculating the
students’ overall grades, in this “clicker ex-
periment” the information was primarily ta-
bulated for the purpose of attendance.

At the end of the semester, students were
asked to complete an anonymous on-line
survey regarding their experiences with us-
ing clickers in their business statistics course
as well as to express their opinions about
the potential for using clickers in future
business statistics courses. The 25-question
survey instrument is presented in Figure 3
(see Appendix).

5. HYPOTHESES

Given that the focus of this present study is
to measure the level of satisfaction students
experienced using the clickers in the class-
room as well as to assess their opinions re-
garding the potential use of clickers to en-
hance learning, the following hypotheses are
to be tested:

H1: Students will find the use of the clicker
to have been a positive classroom ex-
perience. That is, there will be more
agreement than disagreement with re-
spect to responses on the first set of
questions regarding the use of clickers
in the introductory business statistics
course over the past semester.

H2: Students will perceive that using the
clicker in future introductory business
statistics classrooms has the potential
to enhance the learning of the subject
matter. That is, there will be more
agreement than disagreement with re-
spect to responses on the second set of
questions regarding the potential use of
clickers in the introductory business
statistics course.

Given personality differences among faculty
and the different approaches faculty use in
teaching, a question should be raised re-
garding the impact of the instructor on stu-
dent satisfaction with the clicker as well as
on student perception of the potential use of
the clicker to enhance learning. Thus the
following hypotheses are to be tested:

H3: There is no instructor effect on student
satisfaction with using the clickers in an
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introductory business statistics class-
room.

H4: There is no instructor effect on student
perception of the potential use of click-
ers in an introductory business statis-
tics classroom.

Given that differences in student “readiness”
(i.e., age, experience, technological profi-
ciency and maturity) may be observed in
day session versus evening session introduc-
tory business statistics classes or in under-
graduate level introductory business statis-
tics classes versus MBA-level introductory
business statistics classes, the following hy-
potheses are to be tested:

H5: There is no student “readiness” effect
on student satisfaction with using the
clickers in the introductory business
statistics classroom regardless of
course level (i.e., undergraduate versus
MBA).

H6: There is no student “readiness” effect
on student perception of the potential
value for using clickers in the introduc-
tory business statistics classroom re-
gardless of course level (i.e., undergra-
duate versus MBA).

6. METHOLOGICAL ISSUES

Two constraints on the data collection
process affected the methodology used to
test the aforementioned six hypotheses (H1
- H6):

1. The overall sample size available for this
study.

2. The use of potential covariates that
might reduce experimental error (Beren-
son, et al (1983)) and thereby provide
for a more powerful analysis of the re-
sults.

Total Sample Size: During the last week
of the semester and prior to the final exami-
nation students in each of the four class sec-
tions were given a constrained time period
window of three days to complete the survey
on-line. Thus the potential total sample size
for this study was limited to student enrol-
lees in each of the four sections who had not
withdrawn from class during the semester.
Although the response rates to the anonym-
ous on-line survey exceeded 90 percent in
each of the four sections, the overall study
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size was limited to the 105 student respon-
dents - 33 from the section N1, 27 from
section N2, 26 from section MU and 19 from
section MG. Classes “N1” and “N2”
represent undergraduate sections taught by
faculty member “N,” class “MU” represents
an undergraduate section taught by faculty
member “M,” and “MG"” represents a gradu-
ate section taught by faculty member “M”.
These four section sample sizes are certainly
sufficient for making comparisons of survey
responses across the four class groups but,
unfortunately, a total sample size of only
105 students precludes the development of
a useful factor analysis on the responses to
a survey with as many as 25 questions (see,
for example, Hair, et al (1995)) that would
have attempted to cull out the important
factors or characteristics pertaining to both
clicker-use satisfaction and potential. Ra-
ther than a “formal” factor analysis, this
study used the correlation matrix along with
some preliminary descriptive statistical ana-
lyses to subjectively map particular survey
questions into the important characteristics.

Potential Covariates: Institutional Review
Board policy on campus precluded the ob-
taining of demographic information on gend-
er, major, cumulative grade point average
and other measures that could have served
as covariates to the analysis. The only cova-
riates that could be obtained as part of the
anonymous on-line survey were the (self-
selected) student responses on the 7-point
Likert scales to question 13 (I am a technol-
ogically savvy person) and question 14 (The
clicker was within the limits of my technolo-
gical ability) and for this purpose a covariate
was constructed as the sum of this pair of
responses. Unfortunately, however, prelimi-
nary analyses incorporating this covariate
demonstrated significant multicollinearity
with the four class sections used for compar-
ing the Likert-scale ratings of both clicker
experiences and clicker potential. Thus, in
this study a “formal” analysis of covariance
(ANACOVA) was not conducted. Instead,
the above mentioned covariate was used to
refine the data set. Only those students
who considered themselves “technologically
saavy” to some degree (i.e., those respond-
ing with Likert-scale scores of 5, 6 or 7 to
question 13) and also felt “at ease” to some
degree using the clicker (i.e,, those respond-
ing with Likert-scale scores of 5, 6 or 7 to
question 14) were included as part of the

© 2009 EDSIG

final analysis comparing the results among
the four class sections in an effort to streng-
then the conclusions.

Table 1: Some Useful Pearsonian Pairwise
Correlations to Survey Questions

Questions Pearsonian r

¢ Understanding and Learning

Q1 and Q2 0.862
Q1 and Q16 0.699
Q2 and Q16 0.748
e Enjoyment
Q3 and Q17 0.655
¢ Need to Submit an Assignment
Q4 and Q5 0.778
e Reduce Anxiety
Q6 and Q7 0.844
Q6 and Q8 0.841
Q7 and Q8 0.870
Q18 and Q19 0.882
Q6 and Q18 0.660
Q6 and Q19 0.584
Q7 and Q18 0.679
Q7 and Q19 0.647
Q8 and Q18 0.661
Q8 and Q19 0.684
e Immediate Feedback
Q9 and Q10 0.704
Q9 and Q20 0.519
Q10 and Q20 0.706
e Instructor Gauging and Reinforcing
Q11 and Q21 0.644
e Potential Teaching Tool
Q22 and Q23 0.826
Q22 and Q24 0.571
Q22 and Q25 0.826
Q23 and Q24 0.530
Q23 and Q25 0.846
Q24 and Q25 0.524

http://isedj.org/7/92/
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7. METHODOLOGY

Given the two groupings of questions aimed
at measuring the level of satisfaction stu-
dents experienced using the clickers in the
classroom (i.e., questions 1 through 12) as
well as assessing their opinions regarding
the potential use of clickers to enhance
learning (i.e., questions 15 to 25), Table 1,
extracted from the complete correlation ma-
trix, is a listing of Pearsonian pairwise corre-
lations of the 105 student responses to the
on-line survey questions having similar cha-
racteristics. Each of these correlations is
highly statistically significant.

The above listing and labeling of characteris-
tics of the clicker technology, obtained from
the overall correlation matrix, is intended to
act as a proxy for a factor analysis that
could have grouped the variables
representing the 25 questions in the on-line
survey into a set of constructs - had the to-
tal sample size been much larger than 105.

For formal analysis of the aforementioned
hypothesis, we developed the necessary
summated Likert scales based upon the
clicker characteristics identified in Table 1.
Table 2 provides a listing of the particular
survey questions selected to form these two
summated Likert scales.

Table 2: Components of the Two Summated
Likert Scales

Characteristic Experience Potential
Understanding
and Learning Q1 Q16
Enjoyment Q3 Q17
Need to Submit
an Assign- Q5
ment
Reduce Anxiety Q8 Q19
Immediate Feed-
back Q10 Q20
Instructor Gaug-
ing and Rein- Q11 Q21
forcing
Potential  Teach- Q22
ing Tool

© 2009 EDSIG
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Note that each selected question represents
one of the highlighted clicker characteristics
displayed in Table 1.

To examine Hypotheses 1 - 6 from an “ex-
ploratory” perspective, Table 3 provides the
means on the 7-point Likert scales for each
of the 12 questions in the first grouping and
for 10 questions in the second grouping over
all four class sections and Figure 4 provides
a plot of the mean profiles for each of these
class sections.

Table 3: A Comparison of Mean Scores on
22 Questions Across 4 Class Sections

Ques Mean Mean Mean Mean
No. N1 N2 MU MG
1 5.52 5.00 3.62 4.74
2 5.42 485 3.35 4.58
3 5.97 5.63 4.31 4.84
4 5.82 581 4.65 5.53
5 5.76 556 4.23 5.16
6 5.42 559 4.19 5.58
7 5.58 552 4.04 5.21
8 5.36 552 4.12 532
9 5.85 5.74 4.58 4.89
10 6.03 5.67 4.73 5.37
11 6.52 6.11 4.62 5.21
12 5.33 5.15 3.92 4.74
16 5.67 581 4.08 5.42
17 5.67 544 4,58 5.63
18 5.85 6.07 4.65 5.79
19 5.91 6.04 4.77 5.89
20 6.09 563 4.50 5.89
21 6.12 6.19 5.00 5.89
22 6.06 593 4.12 5.58
23 5.39 5.67 3.50 5.05
24 5.94 6.22 496 5.95
25 5.85 5.81 3.96  4.95
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Figure 4: A Comparison of Mean Profiles on
22 Questions Across 4 Class Sections

Comparison of Mean Scores for All Questions
Across Four Sections
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H1 and H2: From responses to questions 1
through 12 as displayed in Table 3 and Fig-
ure 4 it is clear that students found the use
of the clickers to have been a positive class-
room experience. There was more agree-
ment than disagreement with respect to res-
ponses on this first set of questions regard-
ing the use of clickers in the introductory
business statistics course over the past
semester. The mean Likert scores on the 7-
point scales exceeded 4.0 for all questions in
three of the class sections (labeled N1, N2
and MG) and exceeded 4.0 on nine of the 12
questions in the remaining class section (la-
beled MU). Overall, 71.3 percent of the 105
total sample responses to each of the 12
questions demonstrated agreement with Li-
kert scores of 5 (slightly agree), 6 (mod-
erately agree) or 7 (strongly agree). Simi-
larly, from responses to questions 16
through 25 as shown in Table 3 and Figure
4, there was also more agreement than dis-
agreement with respect to responses on the
second set of questions regarding the poten-
tial use of clickers in the introductory busi-
ness statistics course with respect to the
enhancement of learning. Again, the mean
Likert scores on the 7-point scales exceeded
4.0 for all questions in class sections N1, N2
and MG and exceeded 4.0 on eight of the 10
questions in class section MU. Overall, 77.3
percent of the 105 total sample responses to
each of the 10 questions had Likert scores of
5, 6 or 7—indicating some level of agree-
ment.

H3 and H4: A comparison of the mean
scores across the four class sections, how-
ever, indicates a substantial instructor effect
on student satisfaction with using the click-
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ers in an introductory business statistics
classroom as well as in the perception of the
potential use of the clicker to enhance learn-
ing. From Table 3 and Figure 4, note that
the mean scores for section MU, an under-
graduate class taught by faculty member
“M,” are lower on each of the 22 questions
than are the corresponding mean scores for
section MG, a graduate class taught by that
same faculty member, as well as the corres-
ponding mean scores for sections N1 and
N2, undergraduate classes taught by faculty
member “N.”

To formally test the hypotheses H3 and H4,
one-way ANOVA F tests with Tukey HSD
multiple comparisons were employed, sepa-
rately, using the summated Likert score rat-
ings for a subset of six of the 12 experience
questions shown in Table 3 and then using
the summated Likert score ratings for a sub-
set of six of the 10 perception questions,
also shown in Table 3. The corresponding
results are recorded in Tables 4 and 5 (see
appendix).

The results obtained in Tables 4 and 5 con-
firm a substantial instructor effect on stu-
dent satisfaction with using the clickers in an
introductory business statistics classroom as
well as in the perception of the potential use
of the clicker to enhance learning. Faculty
member “N” was more successful in both
using the clicker in the undergraduate class-
room and in developing student perception
of the potential values of the clicker than
was faculty member “M.” Interestingly,
faculty member “M’s” graduate class (MG)
scored significantly higher than did the un-
dergraduate class (MU) in the perception
ratings of the potential use of the clicker but
there was no significant difference in these
two classes with respect to student expe-
riences with the clicker during the semester.

H5 and H6: What impact might student
“readiness” (i.e., age, experience, technolo-
gical proficiency and maturity) have on their
responses to the 22 questions? From Table
3 and Figure 4 three clues emerge. First,
note that the mean scores achieved by fa-
culty member “N” are more homogenous
than are the mean scores attained by faculty
member “M.” One reason might be the dis-
crepancy in both experiences (questions 1
through 12) and perceptions (questions 16
through 25) described in the ratings by the
graduate students (MG) versus the under-
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graduate students (MU). Second, note that
the discrepancies in responses between the
two groups seem to widen with respect to
mean ratings of the perception questions 16
to 25 as opposed to the experience ques-
tions 1 through 12. Perhaps the older, more
experienced and mature graduate students
can better assess the potential positive use
of the clicker in the introductory statistics
classroom even though their current expe-
rience over the semester was not so posi-
tive. Third, note the different pattern in the
ratings achieved by faculty member “N” in
both undergraduate sections displayed in
Table 3 and Figure 4. Clearly, students in
both sections had positive classroom expe-
riences with the clicker during the semester
and perceive its value as an enhancement to
learning. However, upon closer scrutiny it is
observed that students in section N1 en-
joyed their experiences with the clicker more
than did the students enrolled in section N2.
The mean scores for section N1 were higher
in 10 of the 12 experience questions. Nev-
ertheless, with respect to the potential use
of the clicker as an enhancement to learn-
ing, students in section N2 gave the higher
mean scores in six of the 10 questions. Per-
haps this is due to differences in student
“readiness” in the two class sections.

Unfortunately, the summated mean scores
for questions 13 and 14 could not be em-
ployed as the aforementioned “readiness”
covariate in a more formal ANACOVA. This
is because a preliminary analysis showed
these covariate scores were significantly dif-
ferent over the four class section groups.
Such multicollinearity between the covariate
and the class sections would only confound
results and preclude more light being shed
on any “among group” distinctions with re-
spect to clicker experience or clicker poten-
tial.

To formally test hypotheses H5 and H6 in
order to evaluate the possible impact of
“readiness” on student satisfaction with their
experiences using the clickers and student
perception of the potential value for using
clickers, one-way ANOVA F tests with Tukey
HSD multiple comparisons were conducted,
as was previously done for testing hypothes-
es H3 and H4. The response variable was
the same - the former used the summated
Likert-score ratings for a subset of six of the
12 experience questions (see Table 3) and
the latter used the summated Likert-score
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ratings for a subset of six of the 10 percep-
tion questions (see Table 3). Here, howev-
er, in an attempt to emulate ANACOVA, the
“readiness” covariate previously described as
the summated Likert-score ratings to ques-
tions 13 and 14 was used to reduce the pre-
vious data set by filtering out students
whose responses indicated they did not
perceive themselves to be technologically
savvy or did not feel comfortable using the
clickers in the classroom. Thus the ANOVAs
on the reduced data set controlled for “rea-
diness” and the conclusions drawn when
comparing differences in satisfaction with
clicker experiences or differences in percep-
tion of potential clicker value among the four
class groups would be conditioned on those
students who were “ready” to use them.

The reduced data set contained 77 clicker
“ready” student responses. However, to
eliminate the possibility of any extreme res-
ponses affecting the analysis, within each of
the four class sections both the highest and
lowest of the summated-Likert scores were
removed from the study. Following this
“trimming,” the final reduced data set con-
tained 69 student respondents — 22 from the
section N1, 20 from section N2, 12 from sec-
tion MU and 15 from section MG.

The results of these analyses are presented
in Tables 6 and 7 (see appendix).

From Table 6, “controlling” for clicker “readi-
ness,” it is clear that there is a highly signifi-
cant instructor effect. Clicker “ready” stu-
dents taking faculty member “N” were signif-
icantly more satisfied with their clicker expe-
riences than were students taking faculty
member “M.” Course level, undergraduate
or MBA, did not matter. This new result, a
refinement of what was found in Table 4,
occurred by taking into account the clicker
“readiness” of the student respondent. On
the other hand, comparing the earlier analy-
sis shown in Table 5 with the more refined
analysis displayed in Table 7, the conclusion
here remains the same. With respect to
perception of potential enhancement to
learning, the undergraduate students in sec-
tion MU were significantly less confident than
were the graduate students in section MG
taught by the same instructor or the under-
graduate students in sections N1 and N2
taught by the other instructor. Here, the
“readiness”/maturity of the graduate stu-
dents in section MG appears to have enabled
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them to separate their past clicker expe-
riences from their perception of potential
clicker value. The undergraduate students
in section MU did not, or perhaps could not,
do this.

8. LESSONS LEARNED

The anonymous on-line survey evaluated
students’ perceptions regarding their expe-
riences with using clickers in their business
statistics course as well as to express their
opinions about the potential for using click-
ers in future business statistics courses.
The major characteristics that the survey
focused on were whether or not students felt
that the clickers increased their understand-
ing and learning of introductory statistics;
whether students enjoyment of their statis-
tics course increased as a result of clickers;
whether or not students were more inclined
to attempt in-class assignments as a result
of the clicker; whether students felt less
anxiety as a result of being able to respond
to questions anonymously with their clicker;
whether students benefited from immediate
feedback based on their clicker submissions;
whether students felt that the instructor
gauged student learning and reinforced cer-
tain topics based on clicker feedback; and
finally, whether students perceived clickers
to potentially be a positive teaching tool.
Based on the responses to the surveys,
overall the majority of students did “agree”
with each of these areas.

However, the study did reveal that there
clearly is a “teacher effect” and a “student
readiness effect” that factor into student’s
perceptions of clickers in the classroom.
Overall, based on these results, there are a
number of lessons learned.

1) Faculty must be adequately trained and
prepared to use the clickers. If the fa-
culty member is unable to properly
present clicker questions and control the
allocated time period available to com-
plete each question, student frustration
levels increase and their dissatisfaction
with the clickers will also increase.

2) Clickers will not appeal to all students.
Based on individual learning styles some
students found clickers added anxiety
and frustration. For example, if a stu-
dent typically spend his or her class time
simply taking notes that will later be
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used to absorb and understand the ma-
terial, he or she may not be comfortable
responding to questions in-class on new
material just presented, but not yet ab-
sorbed.

The cost of the clickers may affect stu-
dents’ perception of them as a classroom
tool. In addition to purchasing a re-
quired textbook for the introductory
business statistics course, students were
required to purchase the clickers. The
additional cost may have given students
a preconceived negative bias. It should
be noted that students did receive a sig-
nificant rebate if the clicker was pur-
chased as a bundle with the textbook.
In addition, the campus bookstore
agreed to buy back clickers at the end of
the semester and sell them as used.

Using the clickers as an attendance tool
was extremely helpful but it was not suf-
ficient. Frequently, students forgot to
bring their clickers to class. Although
bringing clickers to every class was a re-
quirement, instructors did not want to
mark these students as absent since
coming to class without a clicker was
better than not attending class at all. As
a result, manual adjustments to atten-
dance listings were required.

Incorporating clickers into the introduc-
tory business statistics course requires
substantial time. Not only is there an in-
itial time investment required for prepar-
ing “clicker questions” and incorporating
them into PowerPoint lecture notes,
there is also a significant amount of
class time utilized by the clickers. This
amount of time may depend on stu-
dents’ technological experience and
“readiness.” During the first few class
meetings, time is required to introduce
the clickers, allow students to set-up
their clickers and then teach students
how to use them. Time is also required
in the beginning of every class meeting
to allow all students to turn on their
clickers and join the section. Finally,
and most significantly, much time is
needed to allow students to respond to
clicker questions. During a non-clicker
class, an instructor may suggest that
students attempt an in-class problem.
When the instructor feels that a suffi-
cient amount of time has elapsed, he or
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she may begin going over the problem
even though students may not have
completed the entire problem. In a
“clicker classroom,” an instructor will
need to wait until the majority of stu-
dents have completed the problem and
have submitted their response via their
clicker.

9. FUTURE RESEARCH

In addition to addressing some of the les-
sons learned, in future semesters clickers
can play a greater role in the introductory
business statistics classroom. The responses
to questions can be better used to track stu-
dent performance throughout the semester
and incorporate responses into students’
course grade. Also, clickers can be used for
in-class quizzes. In this case, students enter
responses to questions but student res-
ponses will not automatically be displayed.
Moreover, this clicker study can be enhanced
by evaluating student performance and re-
tention in a clicker class as compared to the
performance and retention of students in
non-clicker classes.

10. CONCLUSIONS

Addressing the many issues inherent in
teaching an introductory business statistics
course has challenged instructors for dec-
ades. While incorporating a student re-
sponse system has provided a means to fur-
ther engage students in the learning process
and motivate students to participate in class,
using clickers is by no means a panacea.
Overall, students found the use of the clicker
to have been a positive classroom expe-
rience, but a number of students may have
preferred a more traditional classroom ap-
proach.

Based on our survey results, the successful
use of clickers is dependent upon both an
instructor effect and a student “readiness”
effect. Clickers by no means can be a subs-
titute for a well-prepared, motivated, and
dynamic instructor. To incorporate clickers
into the classroom, an instructor must be
well-trained using the clicker software, must
be prepared with contingency plans to cir-
cumvent unexpected technological problems,
invest substantial time into preparing and
presenting relevant clicker questions that
would enable the instructor to gauge student
learning and be flexible to adjust lesson
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plans, and know how to manage student
issues pertaining to lost or forgotten click-
ers. When prepared and used properly,
clickers reduce student anxiety, provide a
fun and interactive classroom experience,
provide students with immediate feedback
on what they have learned, and provide in-
structors with a tool to gauge student learn-
ing and reinforce certain topics based on
clicker feedback.
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APPENDICES

FIGURE 3: On-Line Clicker Technology Survey

Clicker Technology Survey

Since your class experimented with the use of clickers in the statistics course we would
like to know your candid assessment of their value as a tool for assisting you to learn. The first
set of 14 questions attempts to assess your classroom experiences with the clicker this past
semester. Assuming that the instructor will be properly trained and that there will be minimal
technological glitches in using the clicker software, the second set of 11 questions attempts to
assess your opinion on the potential value of this device in future classes.

Instructions: Please answer the following questions concerning your use of the
clickers this past semester according to this scale:

1 2 3 4 5 6 7

Strongly Moderately Slightly Neutral Slightly Moderately  Strongly
Disagree Disagree Disagree Agree Agree Agree

Using the clicker enhanced my learning of the subject of statistics.

The clickers helped me understand the material presented in this class.

1.
2.
3. I enjoyed using the clickers in this class.
4.

I was more willing to attempt in-class problems because I knew I needed to
submit a clicker response.

5. I concentrated more in class because I knew I would have to respond to click-
er questions on the material.

6. The clickers were useful because I did not have to answer a question in public
and perhaps embarrass myself.

7. The clickers made me more confident to participate in this class.

8. The anonymity of the clickers made me /ess fearful to be an active participant
in class.

9. When getting clicker questions incorrect, I realized that I did not understand
the concept.
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10. Clickers gave me immediate feedback on whether I knew the material pre-
sented in the classroom

11. My instructor used the results from clicker questions to gauge class under-
standing and reinforce material that was not understood.

12. I would prefer more clicker questions during each class meeting.

13. I am a technologically savvy person.

14. The clicker was within the limits of my technological ability.

Instructions: Please answer the following questions concerning your thoughts
on the potential use of the clickers according to this scale:

1 2 3 4 5 6 7

Strongly Moderately Slightly Neutral Slightly Moderately  Strongly
Disagree Disagree Disagree Agree Agree Agree

15. I would prefer to be in a class that uses clickers than in a class that does not
use clickers.

16. Appropriate use of the clicker should enhance the learning of the subject of
statistics.

17. Appropriate use of the clicker should result in a more enjoyable experience for
the statistics class.

18. Using clickers should reduce anxiety in the classroom because students’ an-
swers to a question are not public and thus not potentially embarrassing.

19. The anonymity of the clickers should make students /ess fearful to be active
participants in class.

20. Clickers should be valuable to the students because they can provide imme-
diate feedback on whether they knew the material presented in the classroom

21. Instructors should be able to use the results from clicker questions to gauge
class understanding and reinforce material that was not understood.

22. Clickers have the potential to be a valuable teaching tool.

23. More faculty members should use the clickers.

24. 1 believe that technology in general helps the educational process.

25. I would recommend that clickers continue to be used in the introductory busi-
ness statistics classes.
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Table 4: Comparing Summated Likert Scores on Clicker Experiences over 4 Groups
SUMMARY: Sum-

mated Likert Score

Ratings on 6 Ques-

tions

Groups Count Sum Average Variance

N1 33 1160 35.15 29.820

N2 27 904 33.48 73.182

MU 26 666 25.62 65.606

MG 19 582 30.63 45.690

ANOVA

Source of Variation SSs df MS F P-value
Between Groups 1460.499 3 486.833 9.243 < .0001
Within Groups 5319.558 101 52.669

Total 6780.057 104

Tukey HSD Results:

N1 and N2 differ only by chance.

N1 is significantly better than MU.
N1 and MG differ only by chance.
N2 is significantly better than MU.
N2 and MG differ only by chance.
MU and MG differ only by chance.
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Table 5: Comparing Summated Likert Scores on Perception Potential over 4 Groups

SUMMARY: Summated Likert

Score Ratings on 6 Questions

Groups Count Sum Average Variance

N1 33 1172 35.52 25.070

N2 27 946 35.04 61.960

MU 26 703 27.04 60.759

MG 19 652 34.32 51.117

ANOVA

Source of Variation SSs df MS F P-value
Between Groups 1277.118 3 425.706 8.861 < .0001
Within Groups 4852.272 101 48.042

Total 6129.390 104

Tukey HSD Results:
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N1 and N2 differ only by chance.

N1 is significantly better than MU.

N1 and MG differ only by chance.

N2 is significantly better than MU.

N2 and MG differ only by chance.

MG is significantly better than MU.
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Table 6: Comparing Clicker Experiences over 4 Groups Controlling for "Readiness”
SUMMARY: Summated Likert
Score Ratings on 6 Questions

Groups Count Sum Average Variance

N1 22 801 36.41 16.825

N2 20 714 35.70 24.011

MU 12 338 28.17 31.061

MG 15 457 30.47 32.124

ANOVA

Source of Variation SSs df MS F P-value
Between Groups 762.299 3 254.100 10.317 < .0001
Within Groups 1600.918 65 24.623

Total 2363.217 68

Tukey HSD Results:
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N1 and N2 differ only by chance.

N1 is significantly better than MU.
N1 is significantly better than MG.
N2 is significantly better than MU.
N2 is significantly better than MG.
MU and MG differ only by chance.
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Table 7: Comparing Perception Potential over 4 Groups Controlling for “"Readiness”
SUMMARY: Summated Likert
Score Ratings on 6 Questions
Groups Count Sum Average Variance
N1 22 818 37.18 13.299
N2 20 746 37.30 17.905
MU 12 358 29.83 31.061
MG 15 526 35.07 17.067
ANOVA
Source of Variation SS df MS F P-value
Between Groups 515.144 3 171.715 9.301 < .0001
Within Groups 1200.073 65 18.463
Total 1715.217 68

Tukey HSD Results:

e N1 and N2 differ only by chance.

N1 is significantly better than MU.

e N1 and MG differ only by chance.

e N2 is significantly better than MU.

e N2 and MG differ only by chance.
e MG is significantly better than MU.
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