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ABSTRACT 

 
This paper offers a way for instructors in large, high-tech 
classrooms to meet the challenge of simultaneously teaching 
and assessing.  The paper explains how it is possible for an 
instructor in a large class to use hand-held clickers to 
assess student learning and to modify his/her lectures “on-
the-fly.”  The paper also presents the results of an 
experiment that the researchers conducted to determine the 
impact that clickers have on the classroom.  Some of the 
results, particularly those involving attendance and student 
involvement, are very encouraging.  Other results are less 
encouraging and call for additional attention and, perhaps, 
additional research.  
 

INTRODUCTION 
 

The most recent wave to hit higher education and 
education at all levels is the push for meaningful 
assessment.  In addition to the traditional demands placed 
upon college instructors, they are now facing pressures to 
provide concrete evidence that learning is occurring in their 
classrooms.  Colleges across the county are scrambling to 
develop mechanisms and procedures to provide an 
assurance that learning is occurring in the courses that are 
being taught.  Since AACSB has embraced the assessment 
mantra, Schools of Business have devised various strategies 
and programs to comply with the demands of assessment.  
For example, the AACSB has sponsored a series of 
seminars to assist business schools with assessment 
activities.  Their Basic Seminar Series focuses on the goals 
and purposes of assessment while the Applied Assessment 
Series provides practical suggestions for the design and 
implementation of assessment protocols.  A two-volume 
series called, “Assessment of Student Learning in Business 
Schools: Best Practices Each Step of the Way (Martell & 
Calderon, 2005) has been co-published by the AACSB to 
assist deans and assessment coordinators in their efforts to 
develop meaningful assessment programs for the member 
schools. 

Coincident with this emphasis on assessment has been 
the growing use of computer technology in the classroom 
(Peluchette & Rust, 2005).  Some of the preliminary 

research done in this new direction of pedagogy has focused 
on pedagogy in the field of economics.  Clearly, a key 
question is “how does the use of computer technology affect 
student performance.” Sosin et al. (2004) use the post- and 
pre-course scores on the Test of Understanding College 
Economics (TUCE) to compare the effects of different 
technologies including PowerPoint, email, courseware, and 
web browsing. They find that using extensive technology in 
class causes significant, but small, improvement in student 
performance. Interestingly, they find individual technologies 
have different effects. For example, PowerPoint has a 
negative effect on student performance, courseware has a 
positive effect but only in macroeconomics courses, and e-
mailing materials has a positive effect only in 
microeconomics courses. Agarwal and Day (1998) use both 
TUCE scores and final grades to analyze the impact of the 
Internet tools such as email, class mailing list discussion, 
and relevant web pages on economic education. They find 
positive correlation between using the Internet tools and 
exam grades. Manning (1996) reports that e-mail is useful 
as a teaching tool as it improves students’ communications 
with the instructor and other students.   

As Goffe and Sosin (2005) point out, there is a trend 
that more technological innovations will be used in 
teaching. The Personal Response System (PRS) is one of the 
newest technologies being introduced to the classroom. A 
number of instructors report how the PRS enhances teaching 
and learning experiences (e.g., Wood, 2004; Briggs, 2006; 
Elliott, 2003). The existing literature reports that using the 
PRS enhances student-instructor interaction and student 
concentration in class. Siegel (2004) also reports that using 
a technology similar to the PRS increases class attendance 
when five percent of the final grade is associated with 
student participation. This study reveals how one of the 
newest advances in technology, hand-held student response 
units, also more commonly referred to as clicker, were used 
in large lectures to enhance instruction and simultaneously 
address that question of how to do assessment.   

After researching the several clickers available in the 
market, the instructor adopted the radio frequency (RF) 
Interwrite PRS sold by Interwrite Learning shown in Figure 
1. 
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Interwrite RF PRS 
Figure 1 

 
Readers may wish to consult 
http://www.interwritelearning.com/products/prs/radio/de
tail.html .  

This study is based upon the experience that one 
professor has had in two sections of principles of 
microeconomics over the course of a year.  The two sections 
include a section of 110 students in the fall of 2005, and a 
section of 113 in the fall of 2006. 

In the fall of 2006, the instructor initiated the use of 
clickers as a device to instantaneously record student 
responses to quiz questions.  Each student was required to 
have a clicker and responded to quiz questions that the 
professor administered during the lecture sessions.   In this 
study the instructor restricted the testing format to that of 
multiple-choice questions.  The clickers that currently are 
available have many additional abilities including the ability 
of the student to submit answers to short open-ended 
questions. 

The students were informed that 20% of their course 
grade was based upon their performance on “clicker 
quizzes.”  The course was taught at 8:30 a.m. on Tuesdays 
and Thursdays and quizzes were administered on most days 
during which a major exam was not being administered or 
discussed.  The quizzes were administered at various points 
during the class sessions--at the beginning, middle and end 
of the class.  On some occasions, two quizzes were given 
during a single class session. 

Although clickers had not been used in the section of 
microeconomics in the fall of 2005, many of other 
potentially significant factors were the same as those for the 
fall of 2006 section.  The classes were taught at 8:30 a.m. on 
Tuesdays and Thursdays, the number of students was 
virtually same (110 versus 113) and testing procedures, with 
the exception of the quizzes, were the same.  There is no 
reason to believe that the composition of students in terms 
of major and non-major and class year was different in any 
significant way.  The same textbook was used in both 
sections.  Thus, the only major difference was that students 
in the fall 2005 section achieved 20% of their grade based 
upon quizzes provided by the textbook publisher that they 
took online and students in the fall 2006 section achieved 
20% of their grade based upon clicker quizzes.  

The use of clickers does offer the advantage of ease of 
maintenance of attendance records.  So, attendance 
information was recorded for the section of microeconomics 
in the fall 2006.  Since it was not practicable, attendance 
data was not collected for the section of microeconomics in 
the fall 2005.    

The grades for the two sections of microeconomics 
included in this study were based upon the same formula.  
In both sections, 20% of the grade was based upon 
quizzes—online quizzes in fall 2005 and clicker quizzes for 
fall 2006.  The remainder of the grade was based upon three 
preliminary exams that were spaced out throughout the 
semester and weighted at 50% and a comprehensive final at 
30%.  All of the preliminary exams and the final were 
multiple-choice exams. 

In order to get a measure of the impact of clicker 
quizzes, the same final examination was administered to the 
sections of microeconomics in the fall of 2005 and the fall 
of 2006.  Given that virtually every other key variable 
except for the use of clickers was the same for the two 
sections, differences in the results on final examinations 
could be attributed to the impact of the clicker quizzes 
versus online quizzes.   

A little further explanation of the specifics of the use of 
quizzes may be appropriate.  In the section in which online 
quizzes were used, the class was divided into groups of 
three-person teams and the team members worked together 
on the quizzes.  The quiz sessions were conducted by the 
three-person teams outside the classroom and no 
restrictions were imposed on resources used by students 
during quiz taking sessions.  Additionally, the three-person 
teams were allowed to make multiple attempts at the quizzes 
and to submit the highest quiz scores for inclusion in the 
course grade.  In contrast, the clicker quizzes were all 
administered during the lecture periods.  Students were 
encouraged to confer on their answers and awarded points 
for the answers based on the following scheme—they 
received two points for each correct answer, one point for 
each incorrect answer and zero points for failure to answer. 
Duncan (2005) recommends this type of point allocation 
scheme in his booklet, Clickers in the Classroom.  
Anecdotally, the students seemed to like the award system.  
Students were encouraged to confer for two reasons—to 
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 Two-sample difference in means test for final grades fall ’05 and fall ‘06 
Table 1 

 
Two-sample T for Finals grade 05 vs Finals grade 06 
 
                    N    Mean   StDev  SE      Mean 
Finals grade ‘05   110   74.7    16.0      1.5 
Finals grade ‘06   113   73.4    14.4      1.4 
 

H0:  :05 - :06  = 0  
H1:  :05 - :06  ≠  0 

 
T-Test of difference = 0 (vs ≠): T-Value = 0.63  P-Value = 0.532  DF = 217 

promote the natural synergism of students working together, 
and more pragmatically, it would very difficult to enforce a 
no-collaboration restriction.  A notable difference between 
the online quiz approach and the clicker quiz approach is 
that the online approach provided students the opportunity 
to be virtually unlimited in terms of the number of quizzes 
that the students could attempt.   
 

RESULTS 
 

The instructor initiated the use of clickers with high 
expectations and a great deal of enthusiasm.  Unfortunately, 
the results were mixed.  As described below, some results 
were favorable while some were not.   

The research design that was established would seem to 
be ideal to determine if the use of clickers had any direct 
impact on learning.  To the extent that it was possible, every 
variable that could be controlled was controlled.  To be 
specific, the class sizes were comparable.  The classroom 
was the same.  The time of day was the same.  The format 
for testing, with the exception of the quizzes, was the same.   
The student audience was roughly the same in terms 
students who are majors versus non-majors, year in school, 
etc.  Although the preliminary examinations were different, 
the same multiple-choice final exam was given in both 
sections.   Since virtually every other factor that might 
impact the performance on the final exams was controlled, 
the only significant treatment that one would expect to show 
up would be the difference associated with in the 
administration of quizzes—online quizzes versus clicker 
quizzes.   

It was expected that the class that utilized the clickers 
would demonstrate a statistically significant difference in 
mean grade on the final exam from the class that utilized 
online quizzes.  Much to the consternation of the 
researchers, the mean grade for the 110 students that took 
the final in the class that used online quizzes was 74.7 and 
the mean grade for the 113 students that took the final in the 
class that used the clickers for quizzes was 73.4.  The simple 
difference in means test shown in Table 1 leads to the 
conclusion that there was no statistically significant 
difference in means.  Careful scrutiny reveals a slight, 
although not statistically significant decline in mean of 
finals associated with the use of clickers. 

Although the researchers were initially perplexed and 
disappointed by these results, on further reflection, these 
results should not necessarily have been unexpected.  Under 
both treatments (with online quizzes and with clicker 
quizzes) students were given the opportunity to hone the 
skills and understanding of microeconomic concepts via 
quizzes.  Additionally, the manner in which both online 
quizzes and clicker quizzes were administered encouraged 
collaborative work and collaborative answers by students.  
Under these circumstances, perhaps a significant difference 
in means (hopefully in the positive direction) is too much to 
expect. 

Be that as it may, there were a number of other benefits 
that were associated with the use of clickers that are worth 
discussing, and some of these were germane for assessment 
purposes. 
 

ATTENDANCE 
 

Research findings by Marburger (2006) and Romer 
(1993) suggest the importance of attendance in college 
classes and Marburger additionally suggests that 
absenteeism interferes with learning.  They are not 
earthshaking discoveries but buttress any argument or 
scheme that has the impact of bolstering attendance. 

The use of clickers makes the process of maintaining 
attendance records trivial.  The mean attendance for the 
entire semester for the class that used clickers was 88%.  
Incidentally, that mean includes the Tuesday of the week of 
Thanksgiving with a class for which the attendance dropped 
to 65%.  Although the authors were not able to find 
meaningful comparable numbers for large class (+100 
students) attendance in the literature, the occasional 
references that they found seem to suggest attendance 
numbers in the 60% to 70% are fairly “typical.”  Without 
the use of clickers, attendance records were not maintained 
for the comparison class in this study, but the instructor 
reported his impression that the typical attendance would be 
in the 70% range and, without a doubt, not at the level of 
88% found in the “clicker class.” 

Another interesting dimension of attendance is the 
performance by each individual.  If clickers are used every 
day (with the exception of days during which major exams 
were given or being discussed) then one can easily establish 
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Missed classes per student 
Table 2 

Missed Classes     Number of students Percent     Cumulative   Percent
0 31 27.4 27.4 
1 29 25.7 53.1 
2 20 17.7 70.8 
3 14 12.4 83.2 
4 5 4.4 87.6 
5 3 2.7 90.3 
6 7 6.2 96.5 
7 1 0.9 97.3 
8 3 2.7 100.0 

     

Withdrawal Rates 
Table 3 

    

  
 
        

Class  Students that Withdrew  Students Initially in course    Percent withdrawal  
Clicker class 12                      125 9.6%  
One year earlier 6 116 5.2%  
Two years earlier 5 111 4.5%  
Three years earlier 3 75 4.0%  

individual attendance patterns.  Table 2 shows the pattern of 
missed clicker classes for the students for an entire 
semester. 

An impressive 27.4% of the students missed no 
classes, 25.7 missed one class and 70.8% of the students 
missed 2 or less classes.  This is compelling evidence that 
the use of clickers is a strong incentive for students to attend 
class. 
 

Do the students like the clickers? 
 

The researchers have surveyed students in subsequent 
classes to find out student attitudes about clickers.  At this 
point, the results are too tentative for inclusion in this paper.  
One crude measure of the student attitude about a course is 
their disposition to complete or withdraw from a course. 

Recognizing the imprecision of this measure, the 
authors did record the rates of withdrawal from the section 
of the course that used clickers and from roughly equal 
sections in previous years.  Table 3 presents the percent 
withdrawal rates for the section of the class in which 
clickers were used and for comparable sections of the class 
one, two and three years earlier during which clickers were 
not used. 

 
ASSESSMENT 

 
Perhaps the most compelling reason for instructors to 

consider adopting clicker technology is the pedagogical 

implications in terms of assessment.   As noted earlier, 
accrediting bodies are encouraging--often requiring--that 
assessment of learning be conducted at both the program 
and course levels in universities.  A particularly nettlesome 
issue for assessment purposes is that of class size (Buchanan 
& Rogers, 1990).  Little research exists on how to conduct 
assessment for large-scale (+100 students) classes (Martell, 
2007). While many argue that smaller class size improves 
learning (Robertson, 2005), the evidence is not clear-cut 
(Ehrenberg, et. al, 2001).  Despite the controversy over class 
size, the trend in many colleges is to have introductory level 
classes at the 100 students plus mark.  Efficiency is often 
cited as the principle reason (Surry, 2000).  Class size ipso 
facto seems to have some affect on the choice of 
technology, although as Peluchette and Rust note, some 
instructors see technology as facilitating learning in large 
classes, while others see it as a detriment (2005, 202).   In 
terms of assessment, clickers provide the opportunity for 
everyone in an educational setting--both the students and the 
instructors--to know instantaneously what is being learned 
and what is not being learned.   According to a study by 
Epstein, et al., (2002) which used the immediate assessment 
feedback technique (IFAT), “Active involvement in the 
assessment process plays a crucial role in the acquisition of 
information, the incorporation of accurate information into 
cognitive processing mechanisms, and the retrieval of 
correct answers during retention tests…studies indicate that 
the IFAT method actively engages learners in the discovery 
process and that this engagement promotes retention and the 
correction of initially inaccurate response strategies.” (2002, 
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187).  Assessment, when used formatively, can be used 
immediately to see what students know before proceeding 
with additional material.  

 
To illustrate the point and to demonstrate how clickers 

were used in the microeconomics class, consider the 
following question from microeconomics.   
 

 
 
1.  Refer to the above diagram. At output level Q total fixed 

cost is:   
 A) 0BEQ.  
 B) BCDE.  
 C) 0BEQ-0AFQ.  

D) 0CDQ. 
 

To avoid embarrassment on the part of readers who 
may not have thought about microeconomics for a number 
of years, the correct answer is B and marked in bold.  When 
this question was presented using clickers in the class, the 
instructor and the class knew in seconds that 83% of the 
class got it correct.  IMMEDIATE FEEDBACK—
IMMEDIATE ASSESSMENT 

At that point, the instructor had to make several 
important pedagogical decisions.  Was 83% high enough to 
justify moving to the next question?  What about the 17% 
that got it wrong?  The instructor has established his 
decision rules as to how to proceed.  It is an interesting 
exercise to involve the students in the process of 
establishing these decision rules (What is the threshold 
percent correct for the class for which the instructor should 
decide to go back and review or proceed?). 

At this point, the instructor moved to the next question 
utilizing the same diagram. The second question reads: 
 
2.  Refer to the above diagram. At output level Q average 

fixed cost:     
 A) is equal to EF.  
 B) is equal to QE.  
 C) is measured by both QF and ED.  

D) cannot be determined from the information 
given.  

 
Again the correct answer has been presented in bold 

typeface.  For the second question, 53% of the class got the 

correct answer.   Based on this immediate assessment 
information, the instructor realized that he had not been 
successful in explaining how to determine fixed cost from a 
cost diagram.  The instructor held additional clicker 
questions in abeyance and branched the lecture to review the 
coverage of determination of costs in a cost diagram. 

After a brief review, the instructor returned to clicker 
mode and asked the following question that addressed a 
“nuanced issue” of cost determination based upon the same 
diagram as question 2. 
 
3.  Refer to the above diagram. The vertical distance 

between ATC and AVC reflects:   
 A) the law of diminishing returns.  
 B) the average fixed cost at each level of 

output.  
 C) marginal cost at each level of output.  

D) the average total cost at each level of output.  
 

In this instance, 93% of the students responded with the 
correct answer.  This response indicated that student 
understanding reached a point to justify moving ahead in the 
topical coverage of the lecture.  Along with immediate 
assessment, Hoffman and Goodwin (2006) in their study of 
librarians using clickers to teach information literary, 
suggest the following benefits from using ‘clicker’ 
technology: 

• ensures interactions.  The clickers provided an 
unexpected way to chat with students prior to class. 
.. students are curious about the clickers and what 
the instructors were about to teach… 

• keeps students focused.  Incorporating clicker 
questions into the lecture noticeably helped keep 
students focused by restarting the attention span 
with each new questions 

• increases participation.  As experience with the 
Aggie Honors classes, the ability to make student 
feedback anonymous helped reduce fears and 
increased students’ willingness to participate 

• Promotes discussion.  …more questions (came 
from) from students than compared to classes 
taught without clickers. 

• Increases retention.  All the benefits ultimately 
help improves student retention which is the goal 
of active learning. 

• Its fun!   
 

CONCLUSIONS 
 

The authors’ experience with the use of clickers 
provides some mixed messages.  Although, it was hoped 
that this study would demonstrate that the use of clickers 
had a direct impact on the student performance on the final 
exam, that was not the result since the students were 
provided a mechanism to determine their learning through 
quizzes in the control class (i.e., online quizzes) and the 
experimental class (i.e., clicker quizzes). 

While student performance, as measured by final test 
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scores, did not increase due to their use of clicker 
technology as compared to more traditional methods, clicker 
usage did unquestionably increase attendance.  Further, 
clickers were an invaluable—and perhaps the only way, in 
which to engage in meaningful classroom assessment for 
large-size classes.  This finding is supported by additional 
anecdotal evidence as reported by Carnevale in the 
Chronicle of Higher Education (2005).    

Carnevale reports that when biology professor Mark 
Coykendall, at the College of Lake County, poses a 
question to the class, every one of his students' hands 
spring into the air. The students hold up translucent 
blue remote control devices and press buttons to 
register their answers to multiple-choice questions 
throughout each class session. The students' responses 
get tallied by a computer, and within seconds, a graphic 
is displayed on a large pull-down screen showing how 
many in the class grasped the concept and how many 
had no clue… It's every instructor's conundrum. How 
do you know when the class truly gets what you're 
teaching, or when you need to try a different 
approach…For years I've always asked, 'Does 
everybody understand this concept or this point?' and 
they nod their heads," Mr. Coykendall says. "Now I'll 
know right away whether or not they really 
understands."   

 
Clearly, students were more engaged in the learning 

process in the class that utilized clicker technology.  This 
result is predictable if for no other reason than students sat 
in class knowing that the instructor could go into “quiz 
mode” at any point during the lecture. 
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