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ABSTRACT

The challenges associated with teaching a core introductory management information systems (MIS) course are well known
(large class sizes serving a majority of non-MIS majors, sustaining student interests, encouraging class participation, etc.).
This study offers a mechanism towards managing these challenges through the use of a simple and effective innovation
referred to as classroom response systems (a.k.a. clickers). Although clickers are not necessarily new, recent enhancements in
the technology (such as radio-frequency and integration with presentation software) have made them easier to manage, with
greater reliability and flexibility. This paper presents a case study of the development, implementation and integration of
clickers into an introductory MIS course. The benefits, lessons learned and effective practices of integrating the technology in
a large lecture format are provided. The case study findings are supplemented with results from student surveys administered
to three sections of the same course based on clicker use levels (high, low and no usage). The study found that the use of
clickers significantly improved students’ perceived performance in the course and classes with clickers experienced greater
attendance levels and higher correlations of student performance and attendance. Furthermore, the greater the volume of
clicker usage, the more favorable student perceptions were in terms of active learning, motivation, and providing feedback.
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1. INTRODUCTION

The challenges associated with teaching core introductory
management information systems (MIS) courses are shared
by many. After acclimating to the sheer size of the lecture
room and the volume of students (often with triple digit
enrollments), the instructor must confront the larger issue of
actively engaging students and sustaining their interest
throughout the semester. This problem is exacerbated with
the reality that a majority of students in an introductory MIS
course are non-MIS majors, whom have little motivation to
attend or to actively participate. This large lecture format
also imposes common problems that are difficult to
overcome with traditional teaching practices. Taking
attendance is nearly impossible, seating charts are out of the
question, in-class student activities are a logistical nightmare,
group projects are too time consuming to properly manage,
in-class surveys are great (but who has time to count all of
the hands) and the list goes on.

This paper is intended to address these challenges by
presenting a real life application of an in-class, radio-
frequency (RF) based classroom response system (CRS;
a.ka. “clickers”) in a core introductory MIS course for
business students. Although the use of clickers in a
classroom is no panacea, they most certainly provide
significant inroads towards managing the challenges inherent
in a large lecture format course. The driving research
questions motivating this study include: how can CRS be
effectively used to assist with overcoming inherent
challenges of large lecture classrooms? What system
Jeatures and traits should be sought in a classroom response
system? Using a background of research in effective teaching
and learning, this case study details the technical
implementation and integration of an RF-based classroom
response system with the course curriculum, as well as the
significant benefits, lessons learned and effective practices
discovered in the process. This manuscript is vendor-neutral,
with a focus on system traits, features and practices that were
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found to be effective in enhancing the teaching and learning
process.

2. BACKGROUND

2.1 A Review of Effective Learning Principles in the
Classroom

Before discussing the technology, one should first consider
the underlying goals to be accomplished by implementing
CRS in the classroom. The research literature on learning
discusses a number of concepts that promote effective
learning in the classroom. Active learning, providing
feedback, increasing attention span, and motivation are the
four learning principles that have been identified as being
particularly challenging to the large-lecture format class
(Beatty, 2004, Bergtrom, 2006) and of Net Generation
learners (Robinson and Ritzko, 2006). Active learning refers
to techniques that require students to actively process and
apply information to learn as opposed to passive listening
(Meyer and Jones, 1993). The key characteristic of active
learning that makes it a powerful technique is that active
engagement involves higher-order thinking (such as analysis,
synthesis, evaluation), which results in greater learning,
understanding, and retention (Beatty, 2004; Bonk and
Cunningham, 1998; Bonwell and Eison, 1991; Thalheimer,
2003).

Providing feedback in the classroom is another
technique that has been found to enhance learning (Bangert-
Downs, et al., 1991). Successful feedback in the classroom
refers to providing information to the student that draws
attention to the learning process, thereby improving
performance in the classroom (Kluger and DeNisi, 1996).
Not only is feedback important, the timing in which the
feedback is given is also important. A number of studies
have found that immediate feedback is more effective than
delayed feedback (see Azevedo and Bernard, 1995; Kulik
and Kulik, 1988). The process of giving feedback repeatedly
can also help maintain student attention span.

Attention span deals with selectively attending to and
extracting information from the environment (Bandura,
1986). In the learning environment, the purpose of attention
span is to keep students actively processing information that
is relevant to the class (Anderson, 1995). Because research
on attention span and learning has indicated that student
attention spans average ten to eighteen minutes (Johnstone
and Percival, 1976), the ability to continuously reengage
students during a lecture class is an important technique to
enhancing learning.

Closely related to all three of the learning concepts
discussed is student motivation. A number of previous
research studies have found that motivation can play a key
role in improving performance in the classroom (see Ames
and Archer, 1988; Weiner, 1990). Students who are
motivated to learn do actually learn more than students who
are not motivated (Frase, 1971). In addition to using active

learning and providing feedback to increase motivation,

research indicates that reducing anonymity in the classroom
also provides motivation for students (Sorcinelli, 1991).
Given the challenges of teaching an introductory large-
lecture MIS course, it became evident that in order to
incorporate effective learning principles, an evaluation of
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technological innovations that support our teaching goals and
seek to improve classroom performance was necessary.

2.2 Classroom Response System (CRS) Overview

The innovation evaluated in this study is a radio-frequency
(RF) based classroom response system (CRS), or simply
referred to as “clickers”. A close analogy that one can use to
describe clickers is with that of a remote control device for
televisions (TV). Beatty (2004) provides an excellent primer
on this topic covering Classroom Communication Systems.
Similar to TV remote controls, clickers are wireless, hand-
held devices that have fewer buttons to push than a TV
remote control. Most clickers have a 10-key alpha / numeric
keypad, with two extra buttons for on / off and changing RF
channels. Clickers are much smaller than TV remote
controls, with most clickers no larger than a standard credit
card and about three times thicker. Another important
difference between TV remote controls and clickers is the
type of wireless communications protocol used in the device.
While most TV remote controls use infrared (IR), many
clickers now make use a radio-frequency (RF) based
wireless transmission. Compared with radio-frequency, IR
transmission is less expensive, but is older and considered a
less reliable transmission since it is a line-of-sight protocol
(e.g. nothing can be physically blocking the sending and
receiving devices). Much like a car radio, RF is a radio-
frequency based wireless transmission and is not
encumbered by most physical obstructions. As such, RF can
be used over longer distances and can transmit signals much
faster (between the sending and receiving devices) than IR-
based devices. Although clickers have been used in
classroom settings since 1985 (Beatty, 2004), the use of RF
in clickers is a recent development that began in eamest in
2004. In fact, prior to the use of RF, the predominant
transmission medium for clickers was IR.

In a classroom setting, a formal CRS traditionally
consists of a RF receiver device (a.k.a. dongle), application
software, and handheld devices (a.k.a. clickers) that students
use to input responses. Dongles are installed directly in a
universal serial bus (USB) slot in the instructor’s PC station
of a classroom. The software application can be served or (as
typically the case) loaded directly on the instructor’s PC
station, Each student is assigned, or has purchased, a clicker
that possesses a unique RF identifier (RFID). Because each
clicker uniquely identifies its owner, instructors can use the
data collected by the system to easily track student
participation and performance. Thus, for example, an
instructor would use the CRS application software to present
multiple choice questions during their lecture. If five answer
choices are provided (A through E) with each multiple
choice question, students would then enter their answer
choice in their clicker. The clicker sends an RF signal (that
possesses the student’s unique RFID and her answer
selection), which is received by the RF dongle and
electronically stored by the application software in the
instructor’s PC station. The software will automatically and
instantly store, grade, tally, and report scores for every each
student, for ‘groups’ of students, for the entire class, for each
lecture, for semester to date, and so on.
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3. A CASE STUDY OF IMPLEMENTING CRS IN AN
INTRODUCTORY MIS COURSE

A case study was chosen as the assessment approach utilized
in this study. Case study assessments are appropriate when a
researcher is seeking greater depth in understanding of an
emerging phenomenon and when examining “how” and
“why” types of research questions (Alavi, Yoo and Vogel,
1997; Leidner and Jarvenpaa, 1993). The driving research
questions in this study include examining how a CRS can be
effectively used to assist with overcoming the inherent
challenges of a large lecture course? What system traits and
features should be sought in a classroom response system?
To fully address these questions, the case study is structured
consistent with phases in the traditional systems
development life-cycle (SDLC), by walking through systems
analysis, pilot testing, design modifications, implementation
and integration with the course curriculum. The subsequent
discussion emphasizes lessons learned, effective practices
and teaching tips gained from the entire experience.

3.1 Research Setting

The case setting is a medium-sized public university located
in the mid-western United States with a student enrollment
averaging 20,000 students and a College of Business (COB)
enrollment averaging 3,200 students. During a 16-month
time frame (from fall 2004 through the end of fall 2005
semester), the authors collaborated and coordinated efforts
between software vendors, publisher representatives, the
university network support groups (at multiple levels), the
classroom technology support unit, the university
bookstores, and other faculty to develop a manageable and
compatible clicker solution. The CRS solution developed as
a result of this study was subsequently approved and adopted
as the university-wide clicker solution in December 2005.

3.2 System Development and Implementation

Requirements determination and initial system design work
began in September 2004. Although many software vendors
offer packaged off-the-shelf clicker solutions (most of which

were evaluated for purposes of this study), the initial focus
was capturing requirements from stakeholders (faculty,
students, technical staff and publishers) and insuring
compatibility with the university’s network and classroom
technology. This phase was particularly challenging since
the college moved into a newly constructed facility in
January 2005. A pilot system was tested in a small MIS
course of 31 students from February through April 2005.
Although student feedback was overwhelmingly favorable,
the pilot system was technically unstable. In fact, the pilot
system worked only 33 percent of the time. The two primary
causes of failure were traced back to the use of antiquated IR
based clickers and numerous problems associated with the
use of an off-campus system administrator that was provided
by a third party software vendor.

The pilot resulted in several changes to the system,
including switching to on-campus system administration (as
opposed to an outsourced administrator), using radio-
frequency based clickers (as opposed to infrared clickers),
and utilizing an CRS application progmm that is highly
integrated with Microsoft PowerPoint® (as opposed to a
stand-alone independent application). Collectively, these
changes brought dramatic improvements to the system. For
example, all of the non-value added complexities of working
with an outsourced administrator were eliminated (e.g.,
waiting for the off-site administrator’s data to refresh,
maintaining an uninterrupted network connection, requiring
students to share private information with an outside
organization, and registering the course, the instructor and
the students with the outside organization each semester).
Although this shifted some of the system administration
burden back on the instructor, it was determined that the
greater control, the enhanced student privacy, and the
elimination of non-value added activities far outweighed the
burden. In addition, the use of RF-based clickers enabled the
clicker-to-receiver hit ratio to dramatically rise from the 40
~ 45% range (with infrared) to the 93 ~ 98% range (with
RF). Since infrared technology is an older line-of-sight
protocol, students were often forced to stand, physically
point and repetitively click towards the front of the

Spring Semester (Jan through May 2006)

Course: Introduction to Management information Systems

Section A Section B | [Section C

Clicker Usage High Usage Low Usage Mo Usage

Volume of clicker "questions” during semester 270 50 0

n = Respondents (students} 175 65 63
Student Responses (Overall Perceptions} {a}

Do you prefer classes that require clickers? 3.70 337 | 270 |4

Clickers will improve my performarice in the course? 379 329 |c 285 |q
Student Performance (Actual}

Average Actual Class Attendance 0.86 075 068

Attendance / Performance Correlation 0.18 [e 0.14 0.12

Avg Student Course Grade {out of 100%} 82% 78% 79%

(e; Significant correlation at the p<.G1 level

(a} ldeasured on a S-point Likert Scale from Strongly Disagree (1} to Sirongly Agree (S}
(b} Significant difference in means between Sectien A and B at the p<.1 leve!

(c}; Significant difference in means between Section A and B at the p< 801 jevel

(d} Significant difference in means between Section B and C at the p<.01 level

Table 1 - Results Across All Sections
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classroom in hopes that the dongle would successfully
received their response. The use of radio-frequency (RF)
based clickers dramatically improved this clicker-to-receiver
hit ratio and virtually eliminated these problems. Finally,
switching to an application that is integrated with Microsoft
PowerPoint® made the system more user-friendly and easier
to integrate into class lectures. Rather than learning an
entirely new stand-alone clicker application (as was the case
in the pilot test), the new system acts as an add-in program in
PowerPoint®, giving the application a consistent look, feel
and menu structure. This reduced the instructor’s (and
students) learning curve with the new system.

3.3 Integration with Course Curriculum

The updated CRS was implemented in four introductory MIS
courses during the fall 2005 and spring 2006 semesters
(totaling 588 students). To integrate the technology into the
classroom, instructors utilized a number of learning activities
that support the four concepts of effective learning
previously discussed (i.e., active learning, feedback,
attention span, and motivation).

3.3.1 Active learning: Lectures were enhanced to include
questions pertaining to the covered material. Instructors were
able to electronically take attendance, administrator in-class
quizzes, conduct surveys and integrate student questions
during lectures. Students were provided an enriched active
learning environment via electronic material comprehension
“checks”, practice exam questions, opportunities to compare
their performance with that of their peers, opportunities to
earn credit for active classroom participation (including
regular class attendance) and many others.

3.3.2 Providing feedback: CRS was also used to provide
instantaneous feedback regarding the correct response and
the distribution of responses among possible answers (for the
entire class). The CRS lecture questions enabled the
instructor to instantly gauge learning (for each student and
the entire class) and enables students to instantly gauge their
own comprehension and in relation to the entire class. The
proportion of course points attributable to CRS usage is four
to six percent for class participation and two to three percent
for class attendance. Prior to CRS, both proportions were
zero percent since there was no reliable and accurate means
to automatically track student participation and attendance.
Attendance is graded as a dichotomous measure dependent
upon whether the student is in class or not. Participation
grading generally does not penalize students for incorrect
responses, but students do lose points for failing to
participate. Students were informed that the CRS questions
presented. during lectures are similar to those that they can
expect to see on exams. Some exceptions to this general rule
include unannounced pop-quizzes, in-class student break-out
sessions and in-class demonstrations / activities. Various
student opinion surveys, prior exam questions and guest
speaker Q&As have also been integrated in the classroom
using CRS. Similar to lecture questions, these items are
prepared in CRS during normal course prep (prior to the start
of class) and the results are tallied, stored and reported back
to the students in a matter of seconds.
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3.3.3 Attention Span: During lectures, CRS was used
extensively to conclude a topic (with summary questions), to
change the pace of classes (with randomly timed student
opinion surveys), and to ease transitions to a different topic
(rhetorical questions to spark interest). Designing lectures so
that students participate in clicker sessions two to three times
per class not only requires that each student actively
participate and think about the lecture material, it also serves
as a way to change the thythm of the class and prevent the
lecture from becoming stagnant.

3.3.4 Motivation: The system also provides a means of
motivating students to participate and be more interested in
the class material. For example, using the system to collect
and display results from thought-provoking, in-class opinion
polls gives the instructor a means of incorporating student
feedback into class discussions. Although incorrect answers
were generally not penalized, students knew their responses
were not anonymous and instructors still had the capability
to evaluate how they were performing in each class. To
further motivate interest, consolidated results are often sub-
totaled for students along various demographics (e.g., male
versus females, juniors versus seniors, Accounting majors
versus MIS majors, etc.). Students can also be assigned to or
choose a team and the system tabulates average correct
scores for each team. This team dimension approach is
consistent with The Question Cycle — An Effective Model
for [Classroom Communication Systems] Use in Class, that
can “dramatically transform the classroom environment and
entire learning dynamic for a course...that instructors and
universities are not accustomed to” (Beatty, 2004, pS).
Inclusive in this is a different type of motivation that
students enjoy (with friendly competition) and the challenge
of the activity.

3.4 Student Feedback and Performance Results

To supplement the initial findings and to collect student
perceptions and feedback regarding CRS, surveys were
conducted in three sections of the same course during the
spring 2006 semester. The surveys were administered
anonymously during the second to the last week of a 16-
week semester course, when students knew 65% of their
overall course grade immediately prior to completing the
survey. Although the three sections had different instructors,
the title and purpose of each course was the same
(Introduction to Management Information Systems) with
each instructor utilizing the same textbook and similar
evaluation materials. For comparison purposes, Section A is
considered high-end usage (with 270 clicker questions
during the semester), Section B is considered low usage
(with 50 clicker questions during the semester), and Section
C is a non-adopting control group (no clicker usage during
the semester). Survey items were measured on a 5-point
Likert scale ranging from Strongly Disagree (1) to Strongly
Agree (5). Table 1 provides survey items and results that
were administered across all three sections, including
comparisons of student performance, class attendance and
attendance / performance correlations. Table 2 provides
additional survey items and results that were administered
exclusively to actual student users of clickers (Sections A
and B only). Both tables provide significance levels of
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standard statistical two tailed t-tests conducted for the
difference in means in survey items, between the sections.

As summarized in Table 1, students’ preference for the
use of clickers in a classroom setting does significantly
increase from non-adopters through the high-usage sections,
as does the students’ perception towards the use of clickers
being able to improve their overall class performance.
Student attendance significantly increased from the non-
adopter section up through the high-usage section as well.
Finally, in terms of actual student performance, mean
student grades did not necessarily improve with greater
levels of clicker usage. However, the correlation between
student attendance and actual grade did significantly improve
from the non-adopter section up through the high-usage
section.

Furthermore, a comparison between the High Usage
group (section A) and Low Usage group (section B) in Table
2 reveals that section A students evaluated the clicker
technology more favorably than that of Section B students
across all survey items. (In fact, eight of the mean score item
differences are statistically significant at the p<.01 level or
lower). Interestingly, the most significant improvements
areas from Section B to Section A occurred in core Active
Learning and Motivational related survey items (“The use of
clickers helps me prepare better for exams”, “I learn more
as a result of using the clickers” and “I remembered lecture
material more as result of clickers”). The least improvement
item between Section A and B pertained to the technology
itself, where volume (usage) level variations are less likely to

impact student perceptions (the instructor’s PC station and
CRS have precisely the same build). Collectively, these
findings are certainty encouraging for advocates of clickers
in the classroom and provide promising results towards their
effectiveness in helping to overcome the inherent challenges
of a large lecture courses. The results in Table 2 also
introduces the notion that the greater the usage of clickers
during a course, the greater the student’s perceived
improvements towards active learning, motivation and
feedback related survey items. The reader should be
cautioned of the limitations of this approach. Although the
researchers did seek to control for many variables through
the structure of the survey (same course, same textbook,
same semester, similar student profiles), there are other
factors that influence these results that were not controlled
for or measured. Some of these include variations in
instructor teaching styles, time of day, number of
examinations, number of supplemental assignments, and
many others. Thus, as stated at the outset, the survey results
supplement the real focus of this research which is the case
study, including the findings associated with the systems
development effort, the integration with the course
curriculum (and the classroom) and the lessons learned and
effective practices provided in the discussion below.

4. DISCUSSION

The discussion is structured along three lines: the system
benefits; lessons learned; and effective teaching practices

SecA&B | | Section Al Section B
Clicker Usage Combined High Usage | Low Usage
Volume of clicker "questions” during semester 320 270 50
n = Respondents 240 175 85
Mean Scores Mean Scores
ACTIVE LEARNING {(alpha = .78}
ce The use of clickers improved my performance in the course 366 379 328| -
o1 { learn more as a result of using the clickers 3.76 394 3.26| +
c13 { remembered lecture matenal more as resuit of clickers Iin 4.06 351+
cz | attend more classes as a result of clickers 399 4.07 377
MOTIVATION {alpha = 92}
cs The use of clickers is worth the extra effort 404 416 373+
c1 | would like to see clickers used in other courses 377 3.87 351
cn / recommend classes that use clickers to other students 3.84 3.99 345) -
cie { prefer classes that use clicker technology 3.61 370 3.37] =
cis The value this system adds fo course is worth the exira cost. 3.38 351 303~
FEEDBACK (alpha = 62}
ce ! like seeing how other students answered questions 3.96 3.97 395 ns
cis The use of clickers helps me prepare better for exams 378 3.99 323] -
cu ! prefer the use of clickers over the use of Opscan sheels 380 393 345| ~
cnt The use of clickers is more accurate the Opscan sheels 3.26 3.34 303) ~
ATTENTION SPAN (alpha = .61}
cs The use of clickers makes the class more interesting 3.94 4.00 377 ns
cwo f participate in classes more as resuit of clickers 4.23 428 409 ns
ca The clicker technology is easy fo use 4.61 4.62 460] ns
Notes. - tems measured on a S-point Likert Scale from Strongly Disagree (1; through Strongly Agree 15}
* Significant Difference in Means p<.001
~* Significant Difference in Means p<.010
~* Significant Ditference in Means p<. 160
Table 2 - Survey item Results from Users Only (Sections A & B)
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discovered throughout the development, implementation and
use of CRS. The discussion is supplemented with
quantitative and qualitative student survey results. The
lessons learned are a summary of the recommendations
based on the authors’ experiences, both positive and
negative. The effective practices are a summary of the
techniques and other instructional strategies used in the
integration of CRS into an introductory MIS course
curriculum. Our hope is that this case study and reflective
discussion will provide essential insights into the successful
development and effective integration of CRS for current
and future adopters. See Figure 1 for a summary of findings.

4.1 System Benefits

The student surveys provided excellent insights into the
benefits enabled by CRS. The following student benefits can
be elicited from the survey results and are based on a 5-point
Likert scale ranging from Strongly Disagree (1) to Strongly
Agree (5) from the combined results of 240 students from
both adopter sections A and B (see Table 2). In descending
order, students felt that the use of clickers encouraged them
to participate more during classes (4.23) and to attend more
classes (3.99). Students also liked the ability to see how
other students answered questions (3.96) and they felt the
use of clickers made the class more interesting (3.94) and
improved their ability to remember material covered in
lectures (3.91). In fact, students felt the use of clickers
helped them to better prepare for exams (3.78) and, on an
overall basis, they learned more (3.76) and performed better
in the class (3.66) as a result of using clickers.

Based on open-ended survey questions asking students to
provide their opinion on the CRS technology, students found
the system useful for self-assessment and for comparing their
performance against that of the entire class. The instant
feedback and the ability for instructors to use the feedback to
elaborate on a topic was also a benefit that students reported.
The use of the system to break up the class and add
interactivity enhanced attention span throughout the class
period. Similar to the class enjoyment and student
participation desires found in Robinson and Ritzko’s study
(2006), our respondents also reported that the use of the
technology “lightens up the classroom experience” and
“feels like a game show when the audience buzzes in for
answers.”

From an instructor’s point of view, the data collected
from the classroom response system is a valuable and
efficient means towards monitoring student performance.
The instant feedback provides instructors the opportunity to
adapt their teaching in respond to the class’s immediate
needs. It also enables instructors to easily and continuously
monitor class and individual student performance. It
provides instructors an opportunity to identify students who
may be struggling before (rather than after) examinations.

4.2 Lessons Learned

The following are key lessons from the systems
development, implementation and integration with course
curriculum:

4.2.1 Avoid using an infrared-based system: In addition to
the low student clicker-to-receiver hit ratio (which only
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averaged 40 to 45 percent in the pilot study), the technology
is often plagued by interferences with infrared devices in the
classroom and infrared devices being used in adjacent rooms.
Based on the instructors’ experiences these drawbacks
resulted in more disruptions in a classroom setting rather
than providing substantive improvements.

4.2.2 Avoid the use of an off-site off-campus system
administrator: Initially this sounds appealing. Based on the
case study results, however, this causes more problems than
efficiencies. Some vendors require registration at multiple
levels (the university, the course, the instructor, the students
and so on) EVERY semester. Requiring students to ‘register’
poses unique problems since (as an instructor) you would be
requiring students to share their private information with a
third-part vendor (e.g., name, e-mail ID, phone number,
address, etc.). In addition, the vendor would have access to
student scores from in-class questions and quizzes.

4.2.3 Do Not Underestimate Students’ Resistance to
Change: Recall from the survey results (Table 1), the non-
adopting control section (section C) had unfavorable
perceptions regarding the use of clickers in a classroom
setting (2.70) and the ability of clickers to improve their
overall performance in the class (2.85). These negative pre-
hoc perceptions are in sharp contrast to the favorable
impressions experienced by students that actually used the
clickers (adopter sections A and B) in a classroom setting.
These negative preconceptions may also present large
obstacles towards reducing students’ resistance to change.
For example, students have long been accustomed to the
inability to track attendance in large lecture courses. This
fundamental student assumption is no longer valid and may
take them by surprise. Some students schedule courses
planning to attend class on exam days only, while other
students may refuse to purchase the clickers or the textbook.
Alternatively, some students become terribly upset for
forgetting, losing or misplacing their clickers. Findings in the
case study revealed the key is to establish clicker classroom
policies early in the semester and to communicate the
policies frequently. Additional effective approaches towards
mitigating these issues is to offer students more opportunities
to earn participation / attendance points than actual points
required (the ratio used by the case study instructors has
grown to nearly 2:1), or to provide in-class sign-in sheets for
students forgetting their clickers.

4.2.4 Be cautious of new student integrity issues that
emerge with the use of clickers: For example, one student
may bring several of her friends’ clickers to class and
respond for each. Other students may swap clickers during
class or simply share answers prior to responding. Instructors
should establish policies addressing these issues in advance
and communicate the policies to students. Two effective
techniques discovered during the case study include periodic
comparisons of student response counts (from CRS) to actual
student head-count in the class-room, and the inclusion of
on-the-fly questions (based on in-class discussions from the
day) that strictly adhere to student response countdown
timeframes. Thus, if students only have 15 seconds to
respond to a newly prepared question, there is little time for
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clicker swapping or extended chatter between students.
Other techniques could include mid-lecture RF frequency
channel changes or mid-semester re-registrations of student
clicker RFID numbers.

4.2.5 Minimize the clicker cost to students: The cost to
students for clicker devices can vary widely depending on
several factors. Does the textbook publisher offer bundled
pricing with the text and clicker? Does the software vendor
charge additional fees for students’ reuse of the clickers on a
per-semester or per-course basis? What is the bookstore’s
buyback/resale policy of clickers? Are the clickers IR or RF
based? Does the university have a campus-wide agreement
with a clicker software vendor? (If so, does the university
assign them to students or do they expect students to
purchase their own?) Several cost-benefit analyses (using
various scenarios) were conducted during the case study.

Rather then enumerate them all, here are some general rules

of thumb:

¢ Although infrared clickers are significantly less expensive
than RF, the performance problems associated with IR
clickers is not worth the cost savings.

e Bundling clickers with textbooks offered the least
expensive clicker cost to students. However, confirmation
with the textbook publisher, the university bookstores and
the CRS vendor is necessary.

¢ Additional per-semester or per-course fees are typically
only incurred when an instructor makes use of the
software vendor’s central administration. As found in the
case study, the performance problems associated with
these off-campus central administration services are not
worth the additional cost (even if they are offered for
free).

e Determine if the university has established a
recommended campus-wide clicker solution. Although
these university-wide programs may cost students more
up-front, they typically will cost students less over the
longer term since the student can reuse their clicker in
multiple classes.

4.3 Effective Practices

The following practices were found to be particularly
effective during the CRS development, implementation and
integration with the course curriculum.

43.1 Use the clickers as a reallife, real-time
demonstration of an information system: The systems
thinking perspective is traditionally one of the first concepts
discussed in an introductory MIS course. The classroom
response system (complete with a receiver dongle, the
application software and the clickers) offers an excellent
illustration of how various hardware and software
components assembled together form an information system.

4.3.2 The greater the clicker usage levels, the greater the
student perceived learning: Overall, the survey findings
from the case study found that not only did student
perceptions of clickers favorably influenced their
performance in the course, the actual correlation between
student attendance and performance did improve with greater
levels of clicker usage (see Table 1). Furthermore, the results
in Table 2 reveals that Section A students evaluated CRS
more favorably than that of Section B students across all
survey items. The most significant improvements areas from
Section B to Section A occurred in core Active Learning and
Motivational related survey items (“The use of clickers helps
me prepare better for exams”, “I learn more as a result of
using the clickers” and “I remembered lecture material
more as result of clickers”). Robinson and Ritzko (2006)
found similar leaming and enjoyment improvements in their
surveys of students enrolled in a smaller sized business
course in a large university setting. In fact, 76% of their
respondent students indicated they would be more likely to
participate in a class opinion survey with the use of clickers,
rather than raising their hand (Robinson and Ritzko, 2006).

4.3.3 Be prepared to explain why other answers are not
correct: As instructors, we tend to focus on explaining (and
defending) why the appropriate response to a question is
correct. As a forewarning, also be prepared to fully explain

Benefits

Lessons Learned

- Improved student perceived performance in the course

- Improved student class attendance and participation

- Improved correlation between attendance and course grade
- improved student perceived exam preparation

- Improved student perceived leaming & interest in lectures

- Improved depth. breadth and speed of feedback to students

- Avoid using infrared-based clickers

- Avoid the use of an off-site. off-campus system administrator
- Do not underestimate students’ resistance to change

- Be cautious of new student integrity issues that will emerge
- Minimize the clicker cost to students

Effective Practices for Course integration

- Be prepared to explain why other answers are not correct

- Take student opinion polls

- Use the clickers as a real-life. real-time demonstration of an information system
- The greater the clicker usage levels, the greater the student perceived leaming

- Wait a semester prior to heavy allocation of course points to clicker-based activities
- Align clicker to curriculum integration with effective leaming concepts {active leaming. feedback. attention span. motivation)
- Utilize clickers with in-class virtual break-out groups to stir motivation and competition

Figure 1 - Embedding RF Clickers in Large Lecture - Case Study Findings
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why the other answers are not correct. Indeed, an important
effective practice gained from the case study is to provide
this explanation of incorrect responses in front of the entire
class. Once the “ruling-out” explanations of incorrect
responses was complete, did the instructors then reveal the
correct answer and report how the class responded to the
question. This provides essential insights and key exam
preparation tactics for students and is consistently one of the
greatest points of positive feedback regarding the system.

4.3.4 Wait a semester prior to heavy allocation of course
points to clicker-based activities: It may take a semester
before instructors (and students) become comfortable with
using the system and the system becomes fully compatible
with the technical environment. Thus, for the initial
semester an instructor should consider allocating a smaller
portion of participation / attendance points (3 to 5 percent of
the overall course grade) associated with clicker-based
activities. As the instructor gains confidence in the system,
he or she should increase the frequency and broaden the
scope of learning activities (in-class quizzes, group break-out
sessions, etc.) that make use of CRS and their associated
point value.

43.5 Align the clicker to curriculum integration with the
effective learning concepts (active learning, providing
feedback, attention spam, motivation): A closer
examination of how the adopter instructors from sections A
and B of the case study utilized CRS provides additional
insights into the favorable student survey results in Table 2.
Both instructors, for example, used clickers for similar
purposes (sample quiz questions, lecture comprehension
checks, student surveys, opinion polls and attendance).
Student feedback was substantially improved through CRS
by enabling students to immediately view correct answers of
lecture comprehension questions, permitting them to see how
other students in the class responded, fully explaining why
other answers were incorrect and promoting a learning
environment by minimizing penalties associated with
incorrect answers on clicker questions. Demetry (2006)
found similar learner benefits in her study of using clickers
as an effective formative assessment technique towards
“closing the gap” between a learners' current state of
understanding and Just-In Time teaching. Using similar
techniques and with varying clicker usage (across three
different instructional sessions), Hoffman and Goodwin
(2006) found students benefited from substantially greater
comprehension levels.

Student attention during lectures was significantly
enhanced as well by using CRS to assist with transitioning
between topics, altering the pace of lectures with periodic
material comprehension questions, and surveying student
opinions regarding a variety of controversial MIS topics.
Active learning techniques were more fully employed with
CRS through integrating the technology with in-class
interactive discussions, guest speakers, student presentations,
group breakout sessions, and with in-class textbook / lecture
content questions and sample exam questions. Finally,
student motivation was greatly rekindled by assigning points
for student participation, student attendance, debating
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emerging IS topics, and striving to minimize student clicker
costs while maximizing student value of effectively
integrating CRS in the course curriculum.

4.3.6 Utilize in-class virtual break-out groups to stir
motivation and competition: For example, most CRS
products enable student responses to be categorized along a
variety of demographics (males versus females, by major, by
class, etc.) and to accumulate scores throughout a session.
Thus, in-class questions pertaining to the privacy / ethics
chapter could pin the different majors against one another
(accountants versus finance versus management versus
MIS). In-class questions pertaining to e-commerce topics
could be used to examine differences between male versus
female buyers. It is clear that in-class break-out groups can
be used effectively to encourage diversity in the approach to
teaching and to sustain student interest, with an enjoyable
and enriched active learning environment.

4.3.7 Take student opinion polls: The IT industry is
changing at an increasing rate. Countless controversial news
stories emerge on a daily basis in matters concerning
personal privacy, ethics, SPAM mail, viruses, new product
launches, new website launches, search engines, IT vendors
and so on. Use the system to take the temperature of student
opinions on these controversial subjects and show the results
to the class. The case study instructors found these simple
polls to be excellent means of transitioning to different
lecture topics, changing the pace of the lecture, and grabbing
student attention at the start of class.

5. CONCLUSIONS

The intent of this study is to assist instructors with
overcoming challenges inherent in large lecture courses via
the use of clickers in the classroom. A case study was
presented that provided a detailed account of the
development, pilot testing, modification, implementation and
integration with the curriculum of a large lecture course.
The case study also highlighted the benefits realized, lessons
learned, and effective teaching practices gained from the
experience. Based on the case study findings, the most
important system features and traits (from a technical
standpoint) that should be sought in a clicker system include
those that are RF-based, with on-site system administration,
and provides a CRS application that is compatible and has a
consistent look and feel with instructor’s presentation
software. The case study also found that the effective use of
CRS technology can fundamentally change the traditional
large-lecture classroom environment for both students and
instructors. Instructors benefit from an improved ability to
track attendance, better manage in-class group break-out
sessions, and more accurately gauge lecture comprehension
levels and adjust teaching styles or content accordingly on a
real time basis. It provides instructors a means to identify
students who are struggling prior to (rather than after)
examinations. Students benefit from increased interest and
participation levels during classes, improved comprehension
of lecture material, better preparation for exams and greater
perceived performance in the class. The study also found that
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the use of clickers improved students’ perceived
performance in the course and classes with clickers
experienced greater attendance levels and higher correlations
of student performance and attendance. Furthermore, the
greater the volume of clicker usage, the more favorable
student perceptions were in terms of active learning,
motivation, and providing feedback. Key effective practices
towards integrating CRS into the course curriculum and
classroom include being prepared to explain why other
answers are not correct, waiting a semester prior to heavy
allocation of points to clicker-based activities, and being
creative in the use of clickers (e.g. student opinion polls, in-
class virtual groups, in-class demonstrations and many
others). Although efforts were expended to minimize
limitations of the study, some do remain. Namely, the
study’s scope is limited to a single university setting and a
single course. Also, variations in between section survey
results could be attributable to causes other than clicker
technology, such as differences in teaching styles, exam
content, class size and other contextual factors. Future
research projects should consider improving on these
limitations, as well as consider a closer examination of
correlations between applied active learning procedures and
the impact on student evaluations. For example, how are
these “pay-off” correlations impacted as a result of clicker-
enhanced active learning techniques? Our hope is that this
case and reflective discussion will provide essential insights
into the successful development and effective integration of
CRS for current and future adopters.
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