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Abstract 

The following study is designed to see if a classroom response system (CRS) enhances learning 

when used to supplement a traditional lecture course.  The study compared the overall 

performance of the students from three different sections of a mathematics course.  Two of these 

sections were the experimental groups which used the CRS as a supplement to the lecture, while 

the other section was held as the control and only received the traditional lecture.   

This paper introduces the background of the course and the demographic information of 

Chippewa Valley Technical College (CVTC) student body.  A review of literature given here 

looks at the results of other studies and reviews on this topic.  The students in the experimental 

sections received preliminary and post-surveys about their prior knowledge and opinions on the 

use of CRS.  At the beginning and completion of each unit in the experiment the sections were 

given a test to assess their knowledge of the material covered.  When the results were analyzed 

they showed that there was no significant difference between student performance in the 

experimental section and the control section.    

Keywords:  classroom response systems, i>clickers, electronic response systems, clickers
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Chapter 1: Introduction 

Students are often treated as experimental subjects by their educators as they attempt to 

find the best instructional tools and strategies.  The classroom is an ever evolving place due to 

the continuous development of new technologies, and with anything that is newly developed 

there is a need to test its effectiveness.  Some tools are found to be beneficial to students’ 

education, while others have been shown to cause negative effects.  “The history of educational 

technology is replete with examples of strong claims for the pedagogic value of new 

technologies followed by failures of the technology to improve student learning including claims 

for motion pictures in the 1920s, education radio in the 1930s and 1940s, educational television 

in the 1950’s and computer-based instruction in the 1960s” (as cited in Mayer, et al., 2009, p. 

53).  

Different instructors receive new technology in different ways.  Some instructors pursue 

the newest available technology and incorporate it into their classroom as soon as it is available.  

Others are happy with the status quo and refuse to change until they are forced either by their 

school, time, or a combination of both.  The majority of instructors lie somewhere in between 

these two extremes.  My goal is to provide my students with an environment that will allow them 

to gain the knowledge that they need to achieve success in my class and in their future 

endeavors.  

This study explored the effect of incorporating a classroom response system (CRS), 

specifically i>Clickers, into a technical college’s basic mathematics course.  This was 

accomplished by comparing the results of three different sections of the same course.  Two of the 

sections were experimental groups, which incorporated the use of a CRS, and the third section 
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was the control group.  Each sections’ average unit test score was then compared over two units 

of the course to see if there was a statistically significant difference between the sections. 

This paper describes the background of the course and the college where the study took 

place.  A review of literature was completed which examines the history along with other 

reviews and studies of CRS.  A description of the procedure for the study followed by the results 

and analysis of its findings.  I also give a reflection on the study’s findings and what future 

technology will be bringing to the classroom.   

Background Information on the Course and College 

Introduction to College Math was a course that was offered by Chippewa Valley Technical 

College (CVTC) in Wisconsin.  The course is described as “an introductory level course 

designed for students who need a solid foundation of mathematical concepts.  It begins with a 

review and the development of fundamental arithmetic concepts, and the simple equation solving 

aspects of algebra.  It then covers applications of measurement, geometry, right triangle 

trigonometry and elementary statistics.”   

The study took place during the 2010 spring semester.  The total population headcount of 

students during the 2009-2010 school year was 17,711 (Chippewa Valley Techncal College, 

2014).  The student body was nearly an equal split between males and females.   The vast 

majority of students were White, 88.9%, and between the ages of 19-29, 63.5%.  Over half of the 

students were considered academically disadvantaged, 55.8%, and economically disadvantaged, 

49.5% (Chippewa Valley Techical College, 2009).   

The year prior to the study (2008-2009 school year) had a completion rate of 63% for the 

course, which is similar to the year the study took place (2009-2010 school year) of 64% for the 

course.  The completion rate for all general education math courses during the 2008-2009 and the 
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2009-2010 school years was 65% (Chippewa Valley Technical College , 2013).  The course in 

the study does not significantly differ from the overall completion rate for general math courses 

at the technical college and shows that this course has a typical outcome of students taking a 

mathematics course at the college. 

Motivation 

CVTC’s mission is to “deliver innovative and applied education that supports the 

workforce needs of the region, improves the lives of students, and adds value to our 

communities” and “is a dynamic partner for students, employers, and communities to learn, train 

and succeed” which values commitment, collaboration, trust, respect, excellence and 

accountability (Chippewa Valley Techncal College, 2014).   CVTC is constantly trying to 

improve student success and retention by promoting a more interactive classroom to promote 

active learning.   

A classroom at CVTC is set up with an instructor’s station in the front of the classroom that 

includes a computer and a document camera that is connected to an overhead projector that 

displays on the room’s white board.  The traditional lecture consists of a fifty-five minute class 

period where the instructor explains the material to be covered that day and asks intermittent 

questions of the class to assess their understanding pertaining to the topic at hand.   

This style only allows a few students to answer the questions posed by the instructor to 

demonstrate their knowledge and understanding.   This favors extroverted students due to their 

outgoing nature and allows little or no interaction with the other students in the classroom.  This 

type of instruction may also make an introverted student feel uncomfortable in the classroom due 

to their reserved nature.    
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The motivation behind the use of the Classroom Response System (CRS) is to enhance the 

students’ experience in the classroom by enabling them to individually respond to questions 

posed by the instructor during lecture.  The CRS tabulates the student’s responses and displays 

them so that the instructor can quickly assess them and give feedback as needed to the class.  

This should create a safe and comfortable classroom environment for both the introverts and the 

extroverts in the classroom, while allowing the entire class to be actively involved with the 

material and lecture.  
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Chapter 2: Review of Literature 

Research strongly suggests that the practices of addressing students’ prior knowledge, 

targeting conceptual understanding, motivating and engaging all students, facilitating group 

discussion, and questioning students and providing frequent feedback can improve student 

performance (Roschelle, Penuel, & Abrahamson, The Networked Classroom, 2004; Judson & 

Sawada, 2002). Although these practices can be achieved without the use of Classroom 

Response System (CRS), the technology allows an easy way to interact with the entire class.   

Responses given can either be connected back to the student or given anonymously 

depending on the instructor’s preference. The student responses are instantly collected and 

organized into a bar graph.  The graphical display allows the instructor to quickly interpret the 

results from the class to gauge their overall understanding.  The graph can also be shared with 

the students.  This gives the students the ability to compare their response with their classmates. 

This graphical comparison can give insight to the students that they are not the only ones who 

are struggling or not “getting it” and may form a sense of community within the classroom, as 

well as be used in creating engaging relevant classroom discussion.  

There have been several different studies and reviews done on the use of CRS in many 

different types of courses.  Studies were found about the use of CRS in a wide variety of 

disciplines, such as Arts, Astronomy, Biology, Business Administration, Chemistry, Economics, 

Education, Engineering, Languages and Humanities, Management, Mathematics, Nursing, 

Pharmacy, Physics, Physical Therapy, Political Science, Sociology and Statistics.  They also 

have been used in every educational level starting from K-12 classrooms to university classes of 

all sizes including large lecture halls.   (i>Clicker, 2014; Roschelle, Penuel, & Abrahamson, The 

Networked Classroom, 2004) 
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History of Classroom Response Systems 

This is a brief history of classroom response systems (CRS) and how they changed over 

time.  CRS systems can be referred to in several different ways such as student response systems, 

classroom performance systems, electronic response systems (ERS), audience response systems, 

voting machines, wireless keypad response systems, classroom communication systems and 

more.  Different common jargon names have arisen in different countries.  The most common are 

clickers, key-pads, handsets, or zappers, depending on what country they are being used in (Fies 

& Marshall, 2006; Caldwell, 2007; Latham & Hill, 2014).    

The CRS is not a recently developed technology.  Based on a review from Judson and 

Sawada (2002) the CRS “grew out of the military’s use of filmed instruction material in the 

1950’s” (p. 169).  The use in education started in the 1960’s in large lecture courses, particularly 

science classes.   This technology is not used exclusively in education.  Bugeja (2008) stated that 

it was designed for Hollywood to test unreleased movies, commercials, and televisions shows.  

In the 1970’s the technology appeared in the business world to augment consultations and 

presentations.   

Early systems where hard-wired from the students seats to the instructor station.  The 

student seat had some sort of input device, such as mounted knobs, buttons, or telephone number 

pads.  “The instructor station of this era commonly provided a series of voltmeter type gauges 

that indicated the percent of students responding to each choice on a particular question.” 

(Judson & Sawada, 2002, p. 169) In 2008, these systems could cost anywhere from $1000 to 

$4000 dollars (Branzberg, 2008; Jones, Crandall, Vogler, & Rovinson, 2013).  Currently, CRS 

devices are relatively small, inexpensive and portable.   
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The majority of CRS are wireless and work though handheld remotes that send a message 

via radio frequency (RF) or infrared (IR) to a base unit that is attached to an instructor’s 

computer.  RF systems are becoming more common due to the fact that they have a stronger 

signal and do not require a line of sight between the handheld device and the base unit.  Also an 

additional benefit of using a RF system is that the handhelds do not interfere with each other.  

Each handheld has its own unique signal so individual students can be identified and assessed, if 

desired (Caldwell, 2007).   

Instructors have a variety of reasons for introducing CRS technology into the classroom.  

Several of these reasons are, the ability to quickly monitor a student’s understanding, collect data 

from an experiment, and increase participation in the classroom (Roschelle, Penuel, & 

Abrahamson, The Networked Classroom, 2004).  Additionally, CRS allows instructors to 

quickly take attendance and grade in class multiple choice quizzes and tests.  Currently, there are 

several brands of CRS, such as 2Know Einstruction, Turning Point, Active Expression, 

Smartroom, Senteo, Quizdom, iRespond and i>Clicker (Branzberg, 2008). The type of CRS used 

in this study was i>Clickers since they were readily available at Chippewa Valley Technical 

College (CVTC) and are a commonly used system. 

Currently, i>Clickers are used by more than 1000 higher education institutions in North 

America and used by over 2 million students (i>Clicker, 2014).  An instructor kit, which 

includes all the equipment an instructor would need to use the i>Clicker in their classroom, costs 

about $200.  Other options include buying just the receiver base for $125, and having the 

students purchase the student remotes, which cost $31-$42 depending on the model.  A more 

recent technological advancement is to purchase the mobile app for $10 a semester that allows a 
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smartphone to operate as a student remote, per a representative of i<Clicker (J. Davis, personal 

communication, August 25, 2014).   

The instructor’s kit comes in a case the size of an airline carry-on suitcase and can be set up 

in less than a minute.  The receiver base is attached to the instructor’s computer via a USB cable.  

Once the i>Clicker software, which can be preloaded onto the network or played from a flash 

drive, is opened the onscreen display appears on the screen and is ready to be used.  The 

instructor kit also includes about 40 student remotes that can be distributed to the students, 

saving them the cost of purchasing their own.   

CRS can be used to assist the instructor in solving many time consuming classroom 

management tasks.  These tasks can include monitoring class participation, taking attendance and 

assessing all students.  “The technology can facilitate and accelerate assigning, collecting, 

interpreting, and discussing student work.” (Roschelle, Penuel, & Abrahamson, The Networked 

Classroom, 2004, p. 51).  The instructor is also able to choose the amount of anonymity the 

students are allowed while using CRS.  This is determined by how the CRS is set to record 

student responses.  Each student can be assigned a specific clicker and be graded on their 

responses.  Another method is to show participation if a student responded, but not grade their 

specific response.  The anonymous set up does not connect the students’ response to their 

individual handheld device at all.   

Previous Studies 

There has already been research done on CRS and the majority of the reviews show 

either a positive effect or no effect on the performance of the class.  None of the studies showed 

a decrease in student performance (Wieman & Perkins, 2005; King & Joshi, 2008).  Studies that 

found no significant increase in the students’ academic performance and included student or 
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instructor feedback showed a positive response about the use of CRS.  These studies often stated 

that students had a positive experience with the use of the CRS and that it helped them 

understand the material better, even if they showed no evidence to support the claim (Fies & 

Marshall, 2006; Judson & Sawada, 2002).  

An interesting review from Judson and Sawada (2002) looked at CRS studies from the 

1960’s and 1970’s and compared those results to studies from the 1990’s.  They reviewed five 

studies between 1969 and 1976 and found no statistically significant increase in student 

performance.  Looking into five more CRS studies from between 1996 and 1999, they only 

found academic success in the area of physics but implied that other factors may have 

contributed to the success of the courses.   Even though there was not a statistically significant 

increase in performance, the students and instructors still highly recommended the use of CRS in 

the classroom.  Over those four decades, Judson and Sawada (2002) observed that CRS made 

students more likely to attend class, pressed them to think more, prompted them to listen more 

intently, and made them feel instructors knew more about them as students. 

 Roschelle, Penuel, and Abrahamson (The Networked Classroom, 2004) reviewed 26 

different studies that involved a CRS.  From these studies they grouped together the similar 

reported benefits from the implementations of CRS.  They found:   

The main benefits reported are greater student engagement (16 studies), increased 

student understanding of complex subject matter (11), increased student interest and 

enjoyment (7), heightened discussing and interactivity (6), increased student 

awareness of individual levels of comprehension (5), and increased teacher insight 

into student difficulties (4). (p. 52) 
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Fies and Marshall (2006) reviewed 14 studies and found that CRS improved attendance and 

participation rates and partially attributed it to making part of the course grade dependent on 

CRS.  They found the student’s perceptions of classes to be more interactive, engaging, and 

enjoyable.  They stated that, “both instructors and students become more aware of the condition 

of the student’s understanding, ultimately leading to more responsive instruction and to better 

understanding.” (p. 105) 

De Gagne (2011) focused his review of the literature on CRS use in health-related 

disciplines such as nursing, medicine, and allied health.  This review looked at 15 different 

studies conducted in various locations including the US, Australia and Finland and totaled over 

1000 participants.  This review found three overwhelming themes; interactivity, satisfaction, and 

formative assessment.  The statement below is a summary of De Gagne’s (2011) findings: 

The literature reveals mixed results with respect to changes in exam performance from, no 

change to a positive change.  However, there was no evidence that the use of clickers 

negatively impacted learning outcomes…It has been uncovered that clickers have the 

unique capabilities to not only foster students’ satisfaction but also enhance learner 

engagement and participation, which plays an important role in the learning outcome of 

students.  Such characteristics include the promotion of knowledge retention and critical 

thinking skills through the process of effective teaching and integration of technology into 

the classroom.  (p. e39) 

Studies have used several different strategies when trying to measure the effectiveness of 

CRS.  Some of these studies show a significant increase in the performance of the students while 

others show no change when compared to a class that did not use a CRS system.  The studies 

listed in this section are from various disciplines and mostly contain a similar design to the study 
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that appears in this paper.  The studies focus on different college classes and how the use of CRS 

affected the performance of the students in these classes.  Many of these studies take place in 

large classrooms and are meant to promote student involvement and give the students a chance to 

interact during the lecture.   

A three-year study conducted at the University of California, Santa Barbara “investigated 

the exam performance of students who took a college course in educational psychology, 

comparing those who experienced a clicker-supported questioning method (clicker group) to 

those who experienced in-class questioning implemented without clickers (no-clicker group) and 

others who experienced no in-class questioning or clickers (control group).” (Mayer, et al., 2009, 

p. 52).   

Each different group was observed over the time frame of a year and their prediction was 

that the greater student-teacher interaction would encourage deeper cognitive processing for the 

students during lecture and would improve exam scores.  This study found that the control group 

had a significant difference when compared to the clicker group.   The clicker group had 

approximately a three point higher percentage score with a lower standard deviation on the 

combined midterm and final exam than the other groups.  

A two-year study by Chen, Whittinghill and Kadlowec (2010) focused on students’ 

performance, based on how timely they were provided with feedback of their performance in the 

engineering course, Statics.  The study used a crossover design, in which one section was 

randomly chosen to receive CRS feedback (treatment group) while the other (control group) 

received either a feedback system using flashcards in year 1 or no feedback year 2.  After a 

certain amount of time each year, the treatment and control groups swapped roles and control. 
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Chen, Whittinghill and Kadlowec’s (2010) findings from year 1 showed that there was no 

significant difference using either the CRS system or the flashcard feedback method.  In year 2 a 

significant positive difference was found for the students using the CRS.   The treatment group 

showed a five to sixteen percent increases in score on quizzes.   

A study very similar to the one in this paper was completed at Sør-Trøndelag University 

College in Trondheim, Norway by Arnesen, Korpas, Hennissen, & Stav (2013).  This study took 

place over two semesters during the years of 2010 and 2011.  The participants of the study were 

from a vocational school taking a mathematics course.  Three sections of this course were used 

and each contained about 60 students.   Two of the sections used a CRS, while the third was held 

in control.   

This study recorded the students’ opinions of the CRS technology as well as the students’ 

average grade for the course.  When the students were surveyed, more than 70% found that the 

use of CRS contributed to engagement and almost 90% stated it increased learning.  When the 

final grades of the three classes are compared, the control group had the highest average grade.  

This showed that the use of a CRS did not help students achieve the highest average grade.   

  Their analysis found an interesting correlation between acceptance points and the final 

class result.  The correlation between the control group’s entrance exam scores and the final class 

result had a high positive correlation, implying that their entrance exam had a strong correlation 

with their final grade in the class.  The correlation in the CRS groups was much lower meaning 

that there was little or no relationship between the entrance exam and final class result.  “These 

results strongly support the theory that SRS [CRS] helped [improve] results among the students 

with the lower acceptance points” (Arnesen, Korpas, Hennissen, & Stav, 2013, p. 178) or in 
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other words, it provides evidence that students with lower prior knowledge were less likely to 

fail the course if a CRS system was used. 

Another cross-over design study was completed by Jones, Crandall, Vogler, and Robinson 

(2013).  Their first experiment was conducted with a class of 54 undergraduates in an 

educational psychology course.  Half of the students used a CRS and received extra credit for 

correctly answered questions for two-weeks and then the other half of the class had the same 

opportunity for the next two weeks.  At the end of the first two week period all the students took 

a unit exam and their scores were compared.  The results showed no significant difference 

between the CRS group and the non-CRS group.  Their second experimental class of 46 

undergraduates had the same half and half setup for the CRS, but this time the CRS responses 

were recorded and used as part of their final grade. This experiment showed a statistically higher 

score for the clicker users on the corresponding exam.  The third, and final, experiment used the 

same experimental undergraduates from the second group.  They once again split the class into a 

CRS and non-CRS group, but this time they gave the students prior knowledge of the questions 

that were going to be asked during the lectures.  They once again found significantly higher 

scores for the students who used the CRS. 

A study that focused on a different aspect of CRS, completed by Latham and Hill (2014), 

focused on the relationship between student preferences for anonymity while using a CRS.  They 

proposed that the “student’s preference for anonymity is related to their level of extraversion, 

performance goal orientation, and power distance orientation” (Latham & Hill, 2014, p. 194).  

These three classifications are defined by Latham and Hill (2014) as follows: Extraversion refers 

to the extent individuals are outgoing.  If they are very outgoing they are considered extroverted, 

however if the individual prefers not to be in social situations they are considered introverted. 
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Individuals are split in terms of performance goal orientation as follows: performance-prove and 

performance-avoid.  Individuals with performance-prove orientation has the goal to prove their 

individual ability.  Performance-avoid fears failure and does not attempt tasks when they are 

worried about the ridicule from others.  Power distance orientation refers to how comfortable 

people are interacting with people in higher authority.  The higher power distance, the least 

likely the student would be willing to question the instructor, while an individual with a lower 

power distance would feel more comfortable interacting with the instructor.   

Latham and Hill’s (2014) study consisted of 157 students and found that students’ preferred 

a high level of anonymity depending on three factors: if the student was introverted, had a 

performance-avoid orientation, or a high power distance orientation.  They also found that 

student’s preference for anonymity positively affected their reactions to CRS.  They concluded 

that, given the diversity of students in a classroom, it is important to combine the use of CRS 

with traditional methods of participation to appeal to both the students who prefer anonymity and 

those who do not.   

CRS has been in use for over 50 years and has evolved from an expensive stationary 

classroom devise to an affordable portable handheld device.  The studies very commonly find 

that CRS is perceived by the students as an effective tool that engages them and helps them 

learn.  In practice, many of the studies do not show a significant change in the overall average 

grades of the students when compared to when it is not used.  The studies that do show an 

increase in the student’s average grades occur when the students are held accountable by 

including the student CRS responses into their grades (Branzberg, 2008; De Gagne, 2011; 

Judson & Sawada, 2002).   
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I based my study on the goal that I wanted to allow all the students to have the ability to answer 

questions posed during a class and not have the classroom dominated by the extroverted 

students.  I also wanted to increase the engagement level of my students and hopefully increase 

the overall average scores of the students in the course.  To create a comfortable atmosphere the 

student responses were kept anonymous while covering the subject material.   
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Chapter 3: Description of Data Collection 

Participants 

The participants of this study came from three sections of the course Introduction to 

College Math.  All three sections took place during the 2010 Spring Semester and were taught by 

the same instructor.    The sections met 4 times a week from 8-8:55 a.m. (Section A), 9-9:55 a.m. 

(Section B) and 11-11:55a.m. (Section C) and consisted of 26 students, 25 students, and 26 

students respectively.  A full classroom at the college is considered to be 27 students, so the 

classes were almost at peak capacity. The majority of students in the classes were female, as 

shown in Table 1 Comparison of Gender.    

  

There are a total of 12 programs at Chippewa Valley Techncial College (CVTC) that 

require this course in their program; Landscape, Agriscience, Accounting, Business 

Management, Marketing, Administrative Assistant, Early Childhood Education, Criminal 

Justice, Radiography, Health Information Technology, FireMedic, Alcohol and Other Drug 

Abuse (Rust, J, personal communication, January 22, 2015).  For many students it was their first 

experience in post-secondary education, since there are no pre-requisites for taking this course.   

Section C was the control section and received just traditional lecture. The other two 

sections (A and B) were the experimental sections and they received a similar traditional lecture 

but incorporated the use of classroom response systems (CRS), i<Clickers.  The study took place 

during the two final units of the semester, which changed the experimental sections’ classroom 

norms.  Prior to the study all three sections had received traditional lecture on the four previous 

 Section A  i>Clicker Section B i>Clicker Section C Control 

Proportion of women 58% 52% 62% 
Table 1 Comparison of Gender 
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units.  The first experimental unit was Statistical Measures and the second experimental unit was 

Linear Equations.   

The experimental sections were given a pre-survey to assess the students' prior knowledge 

or use of CRS and a post-survey to evaluate their use.  All the sections were given an ungraded 

pre-test before the beginning of each unit in the study to assess their prior knowledge on the 

material.  The comparison of the pre-test showed the difference between the sections’ knowledge 

going into the units.  At the end of each unit, a graded test was administered to each section and 

then the average section scores were compared.  At the end of the two units the experimental 

groups received a post-survey to share their experiences with the use of the i<Clicker and their 

opinions of the technology.  

Materials and Apparatus 

Each section took place in a traditional classroom at the CVTC Business Education 

Campus.  The classrooms were equipped with an instructor’s station which had a computer and 

document camera which was able to project onto the classroom’s whiteboard.  The study lasted 

for two units. The first unit was Statistical Measures, which consisted of 11 lectures.  The second 

unit was Linear Equations, which consisted of five lectures.  All sections received a 20 point pre-

test and a 70 point post-test for each unit. 

The apparatus used for the classroom response systems (CRS) was the i>Clicker (clickers) 

Instructor’s Kit.  This kit was available at CVTC for any instructor to check out from the College 

Professional Development department.  Before the use of the clickers began, the experimental 

sections received a pre-survey (Appendix A) that assessed students prior knowledge about CRS.  

This survey was administered by a neutral third party to reduce any bias by the instructor being 

present.    The first day of the study, the experimental group received a brief lecture on how the 
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i>Clicker system operates and went through several sample questions to make sure all the 

students knew how to operate the system.   

During the lecture, the experimental section included several multiple choice questions 

which the students answered through the use of clickers.  Microsoft PowerPoint was used to 

administer the majority of the questions, an example can be seen in Figure 1.  Occasionally 

textbook, worksheet, or casual questions were used as well.   After the students responded, 

results were shown, as in Figure 2, to the class.  At the end of the study both of the experimental 

groups received a post-survey (Appendix B) about their use of i>Clickers, again administered by 

a neutral third party.  

Figure 1 PowerPoint i>Clicker Question Example 

Figure 2 PowerPoint i>Clicker Results Example 
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Procedure 

This experiment was completed using a quasi-experimental design due to the inability to 

randomize which students were in which sections.  At the beginning of class, each student in the 

experimental sections was asked to pick up a handheld response device or “clicker” while they 

were taking their seats and preparing for the class to begin.  The receiver base was then attached 

to the instructor computer and the display was projected on the whiteboard. 

During a typical class, the students from the experimental sections were asked to actively 

respond to several multiple choice questions using the clickers.  These questions were gathered 

from various sources.  Many of them were created by the instructor while others were modified 

versions of textbook questions.  The textbook used for this class was called Introduction to 

College Math created by Aufmann, Barker, & Lockwood (2006).  The majority of the questions 

were procedural types of questions and focused on the student arriving at the correct answer.  

Several examples of questions prepared for class are located in Appendix C.  Occasionally, 

spontaneous questions would be asked checking students understanding or as attention getting 

device.  These types of questions normally were in the form of yes or no. 

The student responses were kept anonymous as an attempt to encourage participation by 

the entire class.  This idea is supported by the study completed by Latham and Hill (2014) that 

refers to using anonymity to engage students who otherwise do not participate due to their 

introverted nature.  The control section was presented with the same questions as the 

experimental sections, but instead of the entire class answering a question using the i>Clicker 

only one student was able to give the correct response from the class, either by a student raising 

their hand or shouting out the answer.  
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 All of the sections had the same instructor, lecture content, assignments, and were given 

the same pre-test and post-test for each unit.  Since the sections were taught by the same 

instructor any difference in teaching style, content and pace was minimized.  The instructor had 

experience with the course and had taught it eight times prior to participating in the study, thus 

the instructor was well versed in the material that was covered.  This is the first time the 

instructor used a CRS regularly in a classroom.  The instructor’s prior knowledge consisted of 

using a clicker several times as a student and a short training in using them as an instructor.   

The only difference between the experimental sections and the control sections was how the 

questions were answered.   

In the control section the instructor asked a question during the lecture and based the 

classroom comprehension by a verbal response from a student to the question.    In the 

experimental group all of the students were able to respond to the question through the use of a 

CRS.  By allowing the whole class to respond, the instructor was able to better assess the class’s 

understanding of the material.  The instructor could then make a more informed determination of 

the depth that was needed to review the solution to the lecture question.  Student performance in 

the experimental group and control group were compared by looking at the average score of the 

unit tests between the sections.   
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Chapter 4: Analysis and Results  

Are the Sections Equivalent? 

To show if there is any noticeable differences between sections they were compared to 

each other in a couple of aspects.  First, the percentage of females in each section were compared 

to each other and the college as a whole.  Then, each section’s prior knowledge were also 

compared as well by analyzing the results of the pretest administered at the beginning of each 

unit.   

In terms of gender the sections were compared between themselves and then compared to 

the college overall to see if there are any significant differences.  In Table 1 (p. 17) we see that 

the proportion of women in Section A is 58%, B is 52% and C is 62%.  This shows us that the 

proportion of women are relatively similar among the three groups and to the overall female 

college population of 50.8%.  So in terms of gender the sections are similar. 

Since the students were unable to be randomized and the course had no prerequisites to 

enroll, each section’s prior knowledge was compared. By observing the descriptive statistics in 

Table 2 we can see that the average means of the pre-test scores on the statistical measures unit 

are relatively similar between the sections.  The descriptive statistics for the pre-test on the linear 

Table 2 Preliminary Test for Statistical Measures Unit 
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equation unit (Table 3) has a difference of 24% between the average scores of Section A and 

Section C, which may be significant.   

CRS Prior Knowledge  

The pre-survey asked several yes or no questions and several questions using a 5 point 

Likert Scale rating system with 5 points for Strongly Agree, 4 points for Agree, 3 points for 

Neutral, 2 points for Disagree, and 1 point for Strongly Disagree.  15 students participated in the 

pre-survey from section A.  This represented 58% of the class.  Of those that completed the pre-

survey, 73% were female with a median age of 22 and average age of 25.9 with a standard 

deviation of 9.0.  The results of this pre-survey can be seen in Table 4. Section B also had 15 

students participate in the pre-survey which was 60% of the total section population.  Of those 

Table 4 Pre-Survey Section A Results 

Table 3 Preliminary Test in Linear Equations Unit 
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that completed the pre-survey, 40% were female with a median age of 22 and average age of 

24.9 with a standard deviation for 7.95.  Table 5 shows the results.  

The highest response for both groups was the “I learn better from class lecture then reading 

from the text book.”  This response may have had bias since only 15 students from each class 

attended on the day of the survey and were there because of the use they found from the lecture.  

Another interesting point is that the majority of the survey takers agreed that the incorporation of 

technology in the classroom helped improve learning.  The two questions with the highest 

standard deviation were the questions that referred to asking or answering questions during class.  

This high standard deviation may be accredited to different personality types of introversion and 

extroversion. 

Unit Test Results 

 Each section had a pre- and post-test administered during each of the two units.  The 

Statistical Measures unit’s pre-test results are shown in Table 2 (p. 23) while the post-test results 

are shown in Table 6.  Looking at the descriptive statistics we see that both Section B and C 

scored the highest on the post-test receiving an average score of 89% or a B+.  Section A scored 

the lowest average of 83% or a B on the grading scale that was used.  This contradicts the data 

Table 5 Pre-Survey Section B Results 
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collected from the three groups on the pre-test.  It does not appear to be a significant difference 

between the average scores of the sections.   

For the Linear Equations unit a similar comparison was done.  Refer to Table  (p. 23) to 

see the pre-test results and Table 7 to see the results of the post-test results.  Section B scored the 

highest followed by Section A and then the control group Section C.  This is similar to the pre-

test results, where Section C also scored the lowest there as well.  Comparing the post-test 

averages it appears that there is no significant difference between any of the class sections.  

Similar to the first post-test, the second post-test does not show that any section out-performed 

another sections, implying that the use of i>Clickers did not have an effect on the final average 

exam score from these two units.  

Table 6 Post-Test in Statistical Measures Unit 

Table 7 Post-Test Results for Linear Equations Unit 



EFFECTIVENESS OF CRS IN A MATH COURSE 

26 

 

CRS Post-Survey 

Section A had 12 students participate in the post-survey, which represented 46% of the 

class.  Of the people that completed the survey, 75% were female with a median age of 20 and 

average age of 26.2 with a standard deviation of 11.0.  The survey asked several questions using 

the same 5 point scale as the pre-survey.  The results are shown in Table 8.  17 students from 

Section B took the post-survey, which represents 68% of the section.  Of the people that 

competed the survey 41% were female with a median age of 22 and average age of 25.0 with a 

standard deviation of 8.0.  The results are shown in Table 9.  
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The first five point scale questions in the pre- and post- survey questions are nearly 

identical with the exception being the second question, “I like to answer questions asked by the 

instructor using i>clicker technology,” has the added statement “using i>clicker technology.”  

The second and third question had an increase in score from both section’s previous results.   

These questions both pertain to asking and answering questions during class.  The second 

question showed an increase of 0.4 points in Section A and 0.3 points in Section B.  The third 

question showed an increase of 0.8 points in Section A and 0.3 points in Section B.   
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 The questions that received the highest score from both classes was that “Attending class 

is very important in the successful completion of this course.”  Two questions that received the 

lowest responses, as well as higher standard deviation from both sections was surprising.  These 

questions were, “The use of i>Clickers helped me understand the material better” and “I would 

choose a course that incorporated i>Clicker technology over a course that would not.”  This was 

surprising because this differs from the findings in the literature review that students felt that 

they were more successful because of the use of a classroom response system (CRS).  To see the 

individual responses refer to Chart 1 and Chart 2.  

There may be several causes for this outcome.  One problem may have been the 

instructor’s inexperience in creating effective questions and incorporating them into their 

instruction.  Another factor could have been that the use of the clickers was not incorporated into 

the student’s grade and thus the student had no accountability for answering the questions 

correctly.  This may also explain why a student made the comment of the clickers being 

distracting.  The CRS was also introduced in the final two units of the semester therefore 

changing how the class was run prior.   

The high level of standard deviation indicates that students had differing opinions on the 

use of clickers.  Chart 1 showed that only 45% of students agreed with the statement of clickers 

helping them understand the material better, while 24% disagreed and 31% were neutral.  We see 

similar results in Chart 2 which is not surprising since the question of taking another course that 

used i>Clickers correlates with how they felt about the use of i>Clickers. 
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In summary, the analysis of the study showed that the three sections were fairly similar.  

The control section performed just as well as the two sections that used a CRS.  Students’ 

opinions on the effect the technology had on their education varied. 
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Chapter 5: Conclusion 

The findings did not support the initial hypothesis that the use of CRS in the classroom is 

more effective than the traditional lecture format of a class.  The results showed that there was no 

increase in average student test scores in the sections that used a CRS when compared to the 

section that did not.  The analysis showed that there was not a significant difference between the 

three sections.  The outcome of this study is supported by some of the literature that states that 

CRS does not have a significant impact on the performance of a class if their course grade is not 

directly associated with the student’s clicker responses (King & Joshi, 2008; Medina, et al., 

2008; Jones, Crandall, Vogler, & Rovinson, 2013). 

Potential bias would include researcher bias since the author of this paper taught all 

sections of the class. Every effort was made to present the same material to each section, but the 

instructor may have unknowingly changed his instructional style between the CRS and the 

traditional lecture class.  Other sources of potential bias could include classroom differences 

based on the different students in each class, as well as the time spent asking questions in the 

control group verses the time used asking questions in the clicker group.  Some information 

included in the review of literature was collected from case studies located at the i>Clicker 

website.  These case studies may be misleading due to the fact that i>Clicker profits from selling 

the product.  

Reflection and Discussion 

 “Researchers in the field of educational technology have reached consensus that media 

does not cause learning, but rather methods cause learning” (Mayer, et al., 2009, p. 53). This 

quote I believe represents what happened in this experiment.  All the sections were taught the 

same material by the same instructor and graded the same way, which could be considered using 
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the same method.  The only difference was the media, the experimental groups used a CRS and 

the control group did not.   

The CRS technology was meant to involve the entire class and keep them focused and 

more actively involved during the lecture, which I thought would have an effect on their overall 

grade.  As it turned out the experimental group performed just as well as the control group.  This 

could also explain why the majority of studies that showed improvement in student performance 

from the use of CRS were those of classrooms in which student responses were included into 

their overall grade.  By adding this extra piece to the puzzle the method was changed, thus 

causing more learning.  

As an instructor from the Chen, Whittinghill, & Kadlowec (2010) study stated, “he had to 

be more organized for each class and to plan ahead in preparing skill and concept questions and 

placing them appropriately in the lecture.” (p. 162) The lecture material for each class required a 

more significant amount of time to prepare than for a traditional lecture.  As the instructor one 

needed to develop presentation materials that incorporated multiple choice questions so that one 

could incorporate the use of a CRS.   

The creation of these questions is not as easy as it may seem.  One has to create enough 

questions to give students an example problem, but not too many, otherwise you will not be able 

to finish all topics you wanted to during the class period.  The difficulty level of the question is 

also something that needed to be considered.  You want it to be challenging enough that caused 

the students to think, but not too difficult that students could not answer it in a timely fashion.  I 

found it difficult to ask conceptual questions, being limited to the use of multiple choice 

questions but I could occasionally, for example Figure 3.  As I progressed through the study, I 
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learned how to make better use of the i>Clicker and how to form more effective presentations 

and questions.  Some sample questions that were used are available in Appendix C. 

I also noticed a change in the students’ opinions of i>Clickers as the class progressed.  

When the students were first introduced to the clickers, they seemed to be very interested in 

using the technology.  As time increased though the clickers lost their novelty and did not seem 

to cause the same amount of excitement as they did in the beginning.  This can be supported 

from some of the comments left on the post-survey expressing that they did not help them learn 

any better or even distracted from the learning. 

An unknown benefit that I discovered while using the clickers was having the ability to 

quickly survey the entire class and get a response.  For example if I just finished working a 

problem, I would ask the class if they would like to see another question or move to the next 

topic.  I would have them use the clickers and press A if they were ready to move on or they 

could press B if they wanted to see another example.  This allowed me to get a response from the 

entire class, including the people who would not normally speak up if I asked the class and 

waited for a verbal response.  My normal guideline that I used was if the response was 100% I 

would pick up my pace and spend more time on the more difficult material.  If the response was 

Figure 3 Example Conceptual Question 
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low, say less than 75% I would slow my pace down and go through another example.   If the 

response was somewhere between I would move on but spend some extra time going through the 

next example spending time explaining the process.  Clickers could also be used as an attention 

device to ask non-class related questions as well, such as who thinks the Green Bay Packers will 

win the Super Bowl this year, A for yes or B for no. 

I do agree with Salemi (2009) that the use of CRS can encourage deep thought on ways 

to “induce students to undertake activities through which they can master course material at deep 

levels and in lasting ways.” (p. 386)  When the students select their answer for a clicker question 

and the results are equally spread among the possible options, this provides a great chance for 

students to defend their answers.  The process of explaining why you answered a question a 

particular way may create a deeper understanding of the material for the student.  

This understanding does not always transfer into a higher grade though, so it is hard to 

measure.  This leads me to believe that some students may have benefited from the clickers even 

if the analysis was unable to show an increase in average scores.  The Sør-Trøndelag University 

College study discussed in the review of literature may support this.  This study showed that a 

strong correlation existed between the acceptance points and final score in the non-clicker group 

while a weak correlation existed between the acceptance points and final score if a CRS was 

used (Arnesen, Korpas, Hennissen, & Stav, 2013).  This may imply that students with lower 

prior knowledge were able to develop a better understanding of the material with the use of the 

CRS and thus were able to perform better in the course.  

Changes to the Study 

If I attempted a similar study, I would remove the anonymous portion and include the 

student’s classroom response system (CRS) responses into their course grade.  The majority of 
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studies that have shown an improvement from the use of a CRS had it tied directly to their course 

grade.  Some studies even commented on this.  “Most research with CRS shows little-to-no gains 

in learning (King & Joshi, 2008; Morling, McAuliffe, Cohen, & DiLorenzo, 2008). A possible 

weakness with these studies is that they tend to use the anonymous mode of the CRS (e.g., 

Medina et al., 2008)” (Jones, Crandall, Vogler, & Rovinson, 2013, p. 159).   

Several notable studies did show significant changes if a large portion of the student’s 

grades were associated with the use of a CRS. A specific study completed by Burnstein and 

Lederman (2001) observed that attendance rates were above 80% if the responses counted for 

more than 15% of the final grade and stated that students made “genuine attempts to be prepared 

and alert during class.” (p. 10)  Another study done by Shapiro (2009) found a 30% increase in 

attendance rates and an improvement of 20.9% on test scores when CRS was used to give pop 

quizzes. 

If this study or a similar one was done again having experience using the CRS prior to 

going into the study will be beneficial.  By having prior experience the instructor would be more 

effective in the classroom and would have a better understanding of what strategies work while 

creating presentations and CRS questions.  

Another change would be to run the study for an entire semester.  The longer time frame 

would most likely give a better representation of the effectiveness of a CRS.  Doing the study at 

the end of the semester and for only two units may have affected the results.  When this study 

started some of students had already dropped out of the course and others had already developed 

bad habits.  If this study started at the beginning of the semester the class would have no 

preconceived notions and the CRS would have been considered the classroom norm.  
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There are also other effects of the CRS that could be studied.  One would be to see what 

effect if any the CRS would have on attendance.  Another topic that would be very interesting is 

to find a way to measure how CRS affects different levels of prior knowledge going into a class 

and see if the results from the Sør-Trøndelag study could be recreated.   

What’s Coming Next from this Technology? 

 Technology is always evolving, the same is true with CRS.  An idea of classroom 

response systems has grown into an “anywhere response system” by harnessing the power of 

mobile devices, such as smartphones and tablets.  The idea is to be able to engage students not 

only in the classroom but outside of it as well.  This new type of polling does not require students 

to purchase any new type of device but only use the devices that they already have and feel 

comfortable with.  This is also useful in the digital classroom to create a sense of involvement 

and belonging (Macmillan New Ventures, LLC., 2014).   

If I ever complete a similar project dealing with CRS in the future, I feel I would be much 

more prepared and confident in their use  now than I was prior to doing this study.  I have gained 

a deeper understanding of the study of education, the difficulty of organizing a study, and the 

importance of that study providing unbiased evidence.   
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Appendix A: Pre-Survey 
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Appendix B: Post Survey 
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Appendix C: Sample i>Clicker Questions 

 

What is the ratio of fuel expense to the total annual expenses for the car? 

A. 7  to 30 

B. 7  to 60 

C. 7  to  14 

D. 30  to  7 

 

What is the ratio of the lung capacity of an inactive female 

to that of an athletic female? 

A. 2 to 5 

B. 5 to 11 

C. 1 to 2 

D. 6 to 11 

 

What is the number of employees whose hourly wage is between $10 and $14? 

A. 15 employees 

B. 22 employees 

C. 7 employees 

D. 8 employees 

 

The amounts spent by 12 customers at a McDonald’s restaurant were as follows:  Find the mean 

amount spent. 

6.26  8.23  5.09  8.11  7.50  6.69  5.66  4.89  5.25  9.36  6.75  7.05 

A. $8.00 

B. $8.08 

C. $7.92 

D. $7.80 
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A student has the following test scores.  

59, 62, 68, 75, 71  

What is the standard deviation for this population of test scores?   

a. 1.6   

b. 5.8   

c.   6.2  

d.   6.5   

What is the sample space of a six sided die? 

A. 6 

B. 3 

C. {0,1,2,3,4,5,6} 

D. {1,2,3,4,5,6} 

What is the probability that the spinner will land on brown? 

A. 1 

B. 0 

C. 1/5 

D. 4/5 

A professor writes three true/false questions for a quiz.  If the professor randomly chooses which 

questions will have a true answer and which will have a false answer, what is the probability that 

the test will have a 2 true questions and 1 false question 

A. 42% 

B. 37.5% 

C. 25% 

D. 50% 
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