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Clickers offer instructors of mathematics-related courses an 
opportunity to involve students actively in class sessions 
while diminishing the embarrassment of being wrong.  This 
paper reports on the use of clickers in two university-level 
courses in quantitative analysis and business statistics.  
Results for student retention and examination performance 
compared favorably to results in sections of the same course, 
taught by the same instructor, using the traditional approach 
of lecture and calling on students to answer questions.  Both 
students and the instructor report higher levels of motivation.  
We offer suggestions for effective incorporation of clickers in 
classes that teach or apply mathematics. 
 
1 INTRODUCTION 
 

In recent decades, university educators have 
experimented with various alternatives to the traditional 
instructional paradigm of lecture, adopting modes that more 
actively engage the student during the class session.  One 
common label for these modes is “active learning.”  The 
methods under the umbrella of active learning include: 
collaborative learning, where students work in groups rather 
than individually on a common task during the class session; 
cooperative learning, where student performances are 
assessed collectively; and problem-based learning, where a 
problem is introduced during a class session and used to 
motivate both class discussion and instructor comment.  In an 
examination of the literature on the effectiveness of active 
learning, Prince (2004) defines the core elements of active 
learning as (1) introducing student activity into the traditional 
lecture and (2) promoting student engagement. 

 
One active learning technique, called classroom 

voting, involves the presentation of questions or problems 
which students consider and respond by selecting a response 
to a multiple-choice or true/false question.  The instructor 
tabulates the responses for the class and then reviews the 
item with the class.  When facilitated by technology, 
classroom voting systems have been called electronic voting 
systems or classroom response systems.  Classroom voting 
facilitates problem-based learning.  As it is often employed 
as a means of engaging the class rather than for the purpose 
of student evaluation, classroom voting can also incorporate 

elements of collaborative and cooperative learning.  Cline 
(2006) positively reviewed the use of classroom voting in 
mathematics education, both in electronic and non-electronic 
forms. 

 
Clicker technology is a relatively new student response 

system for electronic classroom voting.  Students in the class 
use a lightweight, handheld device that allows a selection 
from up to five options on a multiple-choice item.  The 
selection is transmitted via a radio frequency to a base unit in 
the classroom that records the response and the unique ID of 
the clicker.  Through supporting software on a classroom 
computer that communicates with the base unit, the 
instructor is able to rapidly display the results of the 
collective responses to the item and then discuss which 
response is correct (or best) and why. 

 
A key attraction of clickers is that students can 

participate and respond to questions anonymously, unlike 
traditional techniques such as calling on individual students 
or even asking students to designate a response by a show of 
hands; thus, students do not risk embarrassment in being 
wrong.  The process of entering responses focuses student 
attention on the content.  Clicker technology not only 
facilitates active learning, but incorporates immediate 
feedback, which is effective in promoting learning.  In 
addition, the technology is also able to record the student 
responses in a database, either for the purpose of assigning 
scores to students or just for later review by the instructor, 
and has a side benefit of being a rapid means of taking 
attendance.  The texts by Bruff (2009) and Duncan (2005) 
provide good references on the operation and use of clickers. 

 
Clicker technology has been employed in college 

courses in many different subjects and there are studies on 
the effectiveness of clickers in the university classroom, 
including mathematics and statistics subjects, as well as 
applied subjects that rely heavily on mathematics and 
statistics.  Lucas (2009) found clickers to be effective in 
comparison to a control group in teaching calculus.  Blodgett 
(2006) reports mixed results (greater student enthusiasm, but 
no significant difference in exam performance) in a 
comparative study examining clickers in a college algebra 
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class.  Both Francis and Schreiber (2008) and Yourstone, 
Kraye and Albaum (2008) found evidence of improved 
student attitude and performance in operations management 
courses. 

 
While most of the literature on clicker 

implementations concludes that instruction that uses clickers 
is at least somewhat more effective than the traditional 
lecture format, there are skeptics (Bugeja, 2008) who 
contend that clickers achieve very little improvement in 
learning and just cost students and institutions more money. 
Morgan (2008) presents a comparison of class sections using 
clickers to class sections that did not use clickers for five 
different subject areas and found no significant differences in 
either student performance or attrition (i.e., incidences of 
students who do not complete the course.) 

 
We tried clickers in two of our courses and were 

interested to examine whether we could see any change in 
exam performance, student interest, and student retention. 
The first course, entitled Quantitative Analysis, covers 
mathematical models, mathematics of finance, linear 
programming, probability, and introduction to differential 
calculus.  The second course in our clicker trial is the first 
part of a two-semester course in business statistics that 
covers descriptive statistics, probability, sampling 
distributions, and time series analysis.  These courses are 
typically taken by freshmen and sophomores as course 
requirements for a major in business administration.  The 
quantitative analysis course is also part of the University’s 
general education program. 

 
A clear majority of students enter these courses with 

inadequate preparation or motivation to excel.  The lack of 
preparation and initial motivation often results in poor 
performance on the initial examinations that, in turn, results 
in even less motivation as the semester develops.  The 
consequence is that these courses experience high levels of 
student withdrawals or unsatisfactory performance (D or F 

grades.)  We hoped clickers would help to break this 
negative cycle for a good portion of our students. 
 
2 IMPLEMENTATION OF CLICKERS IN 

COURSES 
 

Fortunately, our campus decided on the iClicker® as 
the standard clicker for the entire campus, to avoid burdening 
students with the cost of multiple clickers from different 
vendors.  Students can purchase a new iClicker at the campus 
bookstore for $32.50 and have the opportunity to sell the 
used unit back.  Since several courses on our campus use this 
clicker, it was expected that most students would retain it 
through graduation.  The campus standardization also 
resulted in complimentary base units, software, and clickers 
for use by instructors. 

 
Rather than merely require a clicker, this instructor 

opted to allow participation in clicker activities to be 
voluntary, with an incentive to make sure they not only 
acquired a clicker, but remembered to bring it to class.  The 
incentive was that students who participated in a sufficient 
number of clicker activities (missing three days or fewer) 
would be allowed to drop one examination score in 
computing their semester average.  Participation was nearly 
unanimous, with only four (out of 125) students across four 
course sections who declined to participate.  In fact, all four 
of these nonparticipating students dropped the class prior to 
the end of the semester. 

 
Class sessions were generally organized as follows: 

The instructor introduced some basic concepts and solved a 
few example exercises.  The instructor presented a multiple-
choice question on the projected video display and asked 
students to solve the problem and select an answer with their 
iClicker (see Figure 1.)  As students worked on the problem, 
the iClicker software showed the time that had elapsed and 
the number of students who entered a response. 

 
 

 
Figure 1  Classroom display for sample clicker quiz item. 
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When the instructor believed enough time was 
allowed or a sufficient number of students completed the 
task, he stopped the response period and displayed a bar 
chart showing the distribution of student responses (see 

Figure 2) and discussed the results.  Based on the outcome, 
the instructor could try another similar problem if he felt the 
students needed another exercise. 
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Figure 2  Bar chart for sample clicker quiz item shown to students directly after completion of student response period 
 

Most of these clicker questions and problems were 
provided to students at the beginning of the semester. 
Students were encouraged to review questions related to the 
day’s topic prior to class.  The instructor also had some spare 
clicker questions that were not in the advance copy, which 
could be used if additional questions and problems were 
needed. 

 
Students were expected to complete a weekly online 

quiz with questions and problems were similar to those used 
in the clicker activities during the prior week.  Students were 
encouraged to review the class examples and clicker 
questions prior to taking the quizzes. 
 
3 RESULTS AND COMPARISON TO COURSES 

WITHOUT CLICKER ACTIVITIES 
 

We were able to assess the impact of the clicker 
exercises for each of the two courses by comparing outcomes 
from two sections of the course that included these clicker 
exercises with two sections of the same course where 
clickers were not used.  All sections were taught by the same 
instructor, covered the same material with a comparable 
assignment of topics to class sessions, and used equivalent 
examinations.  The main difference was the use of clicker 
exercises in place of some formal lecture and in-class 
activities in the sections that did not use clickers. 

 
Perhaps the most dramatic difference was in the 

percentage of the initially enrolled students who completed 
the course.  In the quantitative analysis course, 80.6% of the 
initially enrolled students (n = 67) completed the course in a 
section that used clickers, while only 56.5% of the initially 
enrolled students (n = 62) completed the course in a section 

that did not use clickers.  For the statistics course, 87.9% of 
the initially enrolled students (n = 58) completed the course 
in clicker sections, compared to only 69.7% of those initially 
enrolled students (n = 76) for the sections that did not use 
clickers.  These differences are significant at the 5% level. 

 
We compared mean examination scores between the 

course sections that used clickers with those that did not.  
The results are in Figure 3 for the quantitative analysis 
course and Figure 4 for the statistics course.  In doing these 
comparisons, we only included test results for students who 
completed the course.  If anything, the exclusion of data for 
students who dropped the course would create a bias in favor 
of the sections that did not use clickers since the students 
who dropped the course tend to be the students who were 
having the most difficulty and, if included in the results, 
would have undoubtedly lowered the mean scores on the first 
two examinations. 

 
Still, the average results on comparable examinations 

and quizzes were generally higher for sections that used 
clickers compared to those that did not use clickers. The only 
instance where the average score for sections without 
clickers was higher was for the second examination of the 
quantitative analysis course, where the difference was not 
statistically significant (p-value = 0.501.)  It is interesting to 
note that this particular examination covered mathematics of 
finance, systems of linear equations, and linear 
programming, which are applications that involve relatively 
complex solutions (compared to other topics in the course) 
and may not lend themselves as well to the multiple-choice 
items for which the clicker is best suited. 
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In the remaining comparisons shown in Figures 3 and 
4, the average performance of students in sections with 
clicker exercises was better than for students on the same test 
in the sections that did not have clicker exercises. All these 

differences were significant at the 5% level, with the 
exception of the quizzes in the quantitative analysis course 
(p-value = 0.197.) 

 

Comparison of Scores for Quantitative Analysis Course

0 10 20 30 40 50 60 70 80

Exam 1

Exam 2

Exam 3
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Weekly Quizzes

Mean Score (%)

With Clickers Without Clickers  
Figure 3  Comparison of scores for students in quantitative analysis course sections. 

 

Comparison of Scores for Business Statistics Course

0 10 20 30 40 50 60 70 80

Exam 1

Exam 2

Exam 3

Mean Score (%)

With Clickers Without Clickers  
Figure 4  Comparison of scores for students in business statistics course sections. 

 
Note: The scores on the final examination were not compared because students had the option to not take the final examination 
if they were content with their grade based on the three examinations.  
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As noted earlier, the instructor offered students in the 

clicker sections the incentive of dropping one of their exam 
grades as a motivation to both acquire a clicker and 
remember to bring it to class.  Ideally, an incentive should 
not be necessary, but incentives are common in motivating 
individuals (students and faculty) to adopt new technologies.  
This did not bias the comparison to students in the sections 
that did not use clickers, since those students were given a 
similar attendance incentive to drop the lowest exam score if 
they had no more than two unexcused absences.  The drop-
the-lowest-score option probably did affect the averages on 
the final examination in the statistics course in both types of 
sections, as some students who were content with their scores 
on the first three exams elected to drop their final 
examination score without even showing up to take the 
exam; consequently, we did not compare scores on the final 
examination for the statistics courses in our analysis.  (In the 
case of the quantitative analysis sections, students were 
required to take the final and were not allowed to drop that 
score, so the option to drop a score would not be a factor for 
the comparison for that examination.)  As far as whether 
there was any impact of the incentive on averages for the 
first three examinations, there were few cases of students not 
showing up for one of the first three exams and yet 
completing the course, probably as insurance against 
possibly performing poorly on a later examination.  Hence, 
we doubt the incentives allowing a student to drop the lowest 
score had a noticeable effect on the differences between 
averages reported in Figures 3 and 4. 

 
Another consideration is whether the improved 

performance on examinations occurred in clicker sections 
simply because those students were given more and better 
opportunities to see and practice the kinds of questions that 
would be on exams.  We do not believe this to be the case.  
The sections without clicker exercises included the same 
problems used in the clicker exercises, but instead in the 
form of in-class assignments.  The same homework problems 
and weekly quizzes were assigned to both types of sections.  
Finally, on the examinations, credit was only given if the 
student provided valid supporting work, not just for selecting 
the correct response. 
 
4 STUDENT PERCEPTIONS ABOUT CLICKER 

ACTIVITIES 
 

About three weeks into the semester, students in the 
course sections that included clicker activities completed a 
brief survey of three items soliciting their opinions related to 
the use of clickers. Below are the three items, with each 
followed by the percentages of the responses to each item 
across the 125 students in attendance on the day of the 
survey: 

 
Question: In general, do you like the use of the iClicker in a 
classroom environment? 

 
Responses: 57.6% responded, “I like it a lot.” 
  27.2 responded, “I ‘kind of’ like it. 
  10.4% responded, “It’s OK.” 

  2.4% responded, “It’s better without using 
 an iClicker.” 

  2.4% had no opinion. 
 

Statement: Using clicker applications in a class environment 
makes it easier for you to keep up with the class. 

 
Responses: 27.4% strongly agreed 
 54.0% agreed 
 9.7% had no opinion 
 4.8% disagreed 
 4.0% strongly disagreed 
 
Statement: Using clicker applications in a class environment 

makes it easier to learn the subjects taught in the 
class. 

 
Responses: 23.0% strongly agreed 
 56.6% agreed 
 11.5% had no opinion 
 7.4% disagreed 
 1.6% strongly disagreed 

 
Based on these results, approximately 80% of the 

students in the sections with clicker activities responded 
positively.  Since the students in the courses involved in this 
study are in the classes because they are required for general 
education or a business administration major, rather than 
freely elected by the student, we are pleased by the high 
proportion. 
 
5 SUGGESTIONS FOR INCORPORATING 

CLICKERS IN A COURSE TEACHING OR 
APPLYING MATHEMATICS 

 
There is a wealth of information in print and online 

to assist new users of clicker technology. Premkumar and 
Coupal (2008) offer some design rules to help ensure the 
clickers improve teaching and learning. Sullivan (2009) 
presents principles for constructing good clicker questions. 
There are websites that not only offer links to research 
literature on clickers, but also offer questions that may be 
used as clicker exercises. Project Math QUEST at Carroll 
College, the Interactive Lectures Interest Group at University 
of Glasgow, and Vanderbilt Center for Teaching have 
extensive websites devoted to enhancing the use of clickers. 
Below we offer insights from our experience with this 
technology: 

 
Although clickers encourage active learning, they will 

not guarantee it, even if the student is using the clicker.  If 
students are rewarded for merely using the clicker, some may 
largely just click a guess and not necessarily pay attention to 
the discussion.  This is perhaps a greater concern in 
mathematics-related subjects, compared to courses that 
impart verbal understanding, because students in 
mathematics-related courses are more prone to decide they 
are “totally lost” and postpone any serious attempt at 
understanding until after class.  One means of encouraging 
attentive participation in a mathematics-related course is to 
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structure quiz and examination questions like the clicker 
exercises used in class and alert students to this relationship 
early in the course.  Another technique is to actually grade 
some clicker responses after students have had the 
opportunity to try similar types of problems with earlier 
clicker problems.  Finally, allowing students to have access 
to practice problems of a similar structure that they can try 
outside of class will encourage students to try those exercises 
either before or after class. 

 
Clickers may be better suited to some quantitative 

topics rather than others.  For example, the authors found 
clickers worked more effectively for teaching probability 
concepts than teaching how to execute a statistical hypothesis 
test.  Clickers work well with questions that can be answered 
in one or two steps as opposed to questions that required 
several steps to complete.  The issue here is similar to the 
determination of when multiple-choice test items are a valid 
means of assessing student understanding.  If complex 
operations can be decomposed into stages, clicker questions 
can usually be effectively employed to test student 
understanding of how to execute of a particular stage of 
complex problem. 

 
Still, even for problems that can be solved in a few 

steps, students need to appreciate and understand that good 
mathematical reasoning means that their answers are 
supported by application of the correct formulas and logic.  
As noted above, clickers can give the impression of 
involving students, yet some may be just selecting from the 
available responses without having a reasoned basis for their 
selections, including the practice of doing an incomplete 
analysis and then making an “educated” guess.  To 
encourage students to apply proper formulas and reasoning in 
our classes, they were told that many examination items 
would resemble questions used in clicker exercises, but on 
the examinations they would be required to support their 
response with appropriate justification.  No examination 
points would be given for a correct response without valid 
supporting work, so it would be best to develop good habits 
in clicker exercises. 

 
During the clicker exercises, the instructor may decide 

to probe the line of reasoning that leads to incorrect 
responses, particularly if one of the incorrect responses was 
selected by a large fraction of the students.  These 
discussions not only help those students understand how their 
choice of formula or use of logic was flawed, but benefit the 
instructor by providing insights into the reasoning processes 
employed by students.  As such, the instructor receives rich, 
instant feedback that he probably would not have without the 
use of the clickers. 

 
As an illustration of the last suggestion, the instructor 

used the following item as a clicker exercise:  
 

Example: The vertex of the function 48)( 2 ++= xxxf  is: 
A. (4,-12) 
B. (4,8) 
C. (8,-12) 
D. (4,12) 
E. None of the above 

 
While the correct answer is E, about 60% of the 

students answered A.  Subsequent discussion with the 
students indicated most of them used the right formula for 
locating the vertex, yet failed to apply the formula carefully 
or lacked the conviction from their analysis to state the 
answer as “none of the above.” 
 

The selection of response time is critical to the 
success of using clickers.  Students need to have sufficient 
time to answer the problem without feeling rushed, but if too 
much time is allotted, students who finish earlier may get 
distracted or become a distraction.  Additionally, if there is 
too much of the class time consumed by lengthy response 
periods, the amount of material that can be covered is 
reduced.  In the case of mathematics-related problems in 
particular, there is a wide variation in how much time 
students need.  The choice of a best response time may not 
be long enough for the slowest students.  The instructor 
needs to monitor the class and adapt the response time 
allotments as the course proceeds. 

 
Students may be resistant to using clickers if they 

need to acquire one.  A means of mitigating that resistance is 
to promote and cooperate with a common standard at the 
institution where the course is being taught.  Additionally, 
where there are large volumes of clickers being used, 
campuses can arrange attractive prices for purchasing and 
reselling clickers. 

 
The immediate feedback offered by clickers is an 

opportunity, but requires the instructor to be flexible and 
alert during class sessions and prepare for class sessions in 
different ways.  Instructors need to develop exercises that not 
only reinforce key concepts and methods, but also include 
answer options that anticipate typical errors that students 
make and be prepared to subsequently help students 
understand their erroneous thinking.  Clicker exercises can 
be a means of helping students learn to recognize classic 
problem types and associate appropriate heuristics in solving 
problems of various types.  The data storage of clicker results 
accommodates post hoc analysis of class sessions that allows 
the instructor to revisit key student difficulties in a future 
class session and make continuous improvements in the 
course in future semesters.  
 
6 CONCLUSION 
 

Based on the results, clickers are an effective tool in 
improving student attention and performance in basic 
quantitative analysis and statistics courses.  In addition to the 
comparison of completion rates and test scores, the instructor 
had a clear impression that students in the sections with 
clicker exercises seemed to be more engaged in the class.  
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This impression is confirmed by the survey of student 
perceptions. 

 
The instructor using the clicker exercises enjoyed 

teaching the courses more as well.  To be sure, there is a 
considerable setup cost in creating the questions, particularly 
in providing a complete set of questions at the beginning of 
the semester.  However, once created, these items can be 
reused and shared among instructors.  It is likely that 
textbook publishers may start providing clicker exercises as 
they now provide test banks and PowerPoint slides. 

 
To take full advantage of clickers, good instruction 

should retool delivery methods and employ new skills, not 
merely add clicker exercises to traditional lectures.  The need 
to rethink instructional delivery for effective use of clickers 
is consistent with similar realizations about the pedagogical 
use of other information and communications technologies 
(Webb and Cox, 2004).  As Adams (2006) observes in a 
paper about the use of PowerPoint in the classroom, the 
power of technological tools like clickers can seduce the 
instructor to rely on them too much and possibly limit 
learning in a classroom to the kind of material best suited to 
clickers . However, as Beauchamp (2004) demonstrates in a 
discussion about the use of interactive whiteboards, 
educators can achieve a synergy between proficiency with 
the technology and improvement of teaching and learning. 
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