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 ABSTRACT  

 

This study evaluates the impact of electronic student response systems (ESRS) 

within a high school class in Earth Science. The hypothesis of this study is the use of 

ESRS will improve knowledge.   Learning is evidenced by increased student engagement 

and increased test scores.  Lack of motivation to participate makes it difficult for students 

to reveal their misconceptions in comprehension, which leads to failure.  Clickers provide 

an opportunity for teachers and students to get instant feedback and answer questions 

anonymously.  The history of ESRS dates back to the early 1960’s.  Many case histories 

show that ESRSs were an effective in the creation of a constructivist and active learning 

environment. ESRS technology (clickers) were used to teach, the topic on angle of 

insolation whereas traditional teaching methods were used to teach the topic earth’s 

moon. These topics are similar in difficulty. Supporting activities were essentially the 

same such as reading assignments, homework, etc. The only variable was the use of 

clicker technology versus traditional hand-raising response (THR). Research tools 

included pre and post student attitude surveys, student testimonials and pre- and post-use 

of the clicker content tests. Students preferred the use of electronic student response 

system to traditional teacher question method.  The students felt they had greater 

confidence, increased motivation and participated more often.   Quantitative and 

qualitative data support the study’s hypothesis.  Overall student motivation and 

performance improved but most surprising was the significant changes in abilities of low 

achieving students 
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INTRODUCTION 

 

“The most important single factor influencing learning is what the learner 

knows.  Ascertain this and teach accordingly.”  

David Ausubel, Educational Psychology: A Cognitive View  

 

 

This paper will research using technology as a possible to solution the challenges 

in public education specifically to increase motivation, and thereby increasing learning.  

The technology used in this study was Electronic Student Response Systems.   The study 

takes place in a suburban ninth grade Earth Science classroom. 

 

Statement of the Problem 

The students in America’s classroom today are preparing to be part of the 

workforce of 21st century. The students will require new skills in order to meet the needs 

of the competitive global economy.  Unfortunately, there are many obstacles that impede 

and/or prevent the majority of America’s students from achieving the minimum 

competency in traditional academic course much less, developing the new skills, which 

include abstract thinking, the ability to analyze and locate new sources information, and 

communicate globally. The obstacles that face America’s students as well the teachers 

are multi-faceted, vary in severity and contribute to the dangerous possibility of an entire 

generation being left behind. (Wallis, 2006) 
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Students today called generation X have always had technology in their daily 

lives, have very little patience and have mastered multi-tasking to compensate for their 

short attention span.    They have created their own social forum with technology.  

Whether using the tool instant messaging, ichat or phone texting they demand to know 

information immediately with little effort exerted by them.  The need for instant 

gratification has negatively impacted traditional teaching pedagogy because students get 

bored quickly, lose interest frequently and expect information to be easily attained or they 

will disengage and ultimately give up. 

Science misconceptions, passive listeners and students’ inability to know how 

they learn are a few of the many factors that contribute to this generations of students 

being left behind.  Why is it important to correct science misconceptions? According to 

research in the learning of science from Dufresne et al. (1996) in the Department of 

Physics and Astronomy at the University of Massachusetts at Amherst, MA: 

Misconceptions.  Ideas that are in direct conflict with scientific concepts are 
known as misconceptions or alternative conceptions and have been identified 
across many scientific domains and across all age groups.  For example, 
misconceptions have been documented in physics (Hestens, Wells, & 
Swackhamer, 1992: Mc Dermott, 1984: Mestre &Touger, 1989) astronomy 
(Lightman, Miller & Leadbeater, 1987), biology (Wandersee, 1983) earth science 
(Prymid Film and Video: Sadler, 1987), and mathematics (Clement, 1982a).  Mis-
conceptions can develop from a learner’s attempts to understand both in-school 
and out-of-school experiences.  In many instances misconceptions are deeply 
seated and difficult to dislodge.  Despite indications of some initial understanding 
of scientific concepts immediately following traditional instruction, many 
misconceptions resurface weeks later (Clement, 1982b: Halloun  & Hestenes, 
1985) Evidence suggests that some misconceptions can interfere with subsequent 
learning and that considerable effort is required on the part of the learner to effect 
conceptual change (Hestens & Wells, 1992) (Dufresne et al, 1996). 

 
 
Another factor in this problem is student passivity resulting from the traditional 

lecture-question forum.  Therefore transforming passive listeners to active learners is 
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important to keep students engaged which will increase class participation and leads to 

student learning. Frances Lawrenz, Douglas Huffman and Karen Appeldoorn, states 

“creative active learning environments…contributes substantially to student perceptions 

and outcomes” (Fraser & Walberg, 1995). 

According to Tobais  (1990) most students were bored to death during science 

lectures because of the continuous stream of facts being presented which leads to a large 

numbers of students developing a dislike for science (Herreid, 2006)).  The need for 

teachers to transform traditional student questioning pedagogy is supported by research 

from the Dufresne, et al. (1996), 

Motivational Beliefs and Classroom Contextual Factors. The construction of 
knowledge is not a dispassionate process.  The level of engagement and 
persistence on a task is related to the learner’s motivational beliefs (Pintrich & De 
Groot, 1990; Pintrich & Schrauben, 1992).  Students who are more motivated are 
more likely to perceive in the difficult cognitive processes necessary for creating 
and organizing knowledge.  Motivation has been described as having two 
components, one related to the value of a task and one related to the learners’ 
beliefs about his or her capabilities or likelihood of success (Pintrich, Marx & 
Boyle, 1993) Tasks that are more likely to result in learning are those that are 
perceived as interesting, important, doable, and profitable (Pintrich et al., 1993: 
Strike & Posner, 1992)(Dufresne et al, 1996). 
 
 
In addition this change of teacher questioning style will increase student- teacher 

contact because the main reason for lack of student- teacher interaction is dependant on 

seating arrangements, students’ individual abilities like individual aggressiveness, 

processing time, and achievement level (Liang et al, 2005) 

 

Traditional Teacher Elicitation 

 Common teacher pedagogy is for teachers give teacher center lecture and 

follow up with open-ended questions.  To engage students and assess students’ level of 
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comprehension teachers provide open-ended questions verbally to the whole class.  Then 

teacher calls on the student that raised their hand to answer. Selection of student varies by 

random methods, but most often the teacher call on the student that have their hands up.  

The teacher will then use the answers to either continue class discussion or re-teach topic 

or introduce a new topic if no problems arise.  
A common problem is that only a few students respond and their response 

represent the collective prior knowledge, level of understanding and promotes non 

participation and then becomes the class norm because students tend to remember what 

the few students say right or wrong, which may validate their own inaccurate conclusion.   

The battle to get the majority of the student’s engaged adds to the daily challenges of the 

teacher because of time wasted trying to engage students to learn, to re-teach, to reassess 

understanding.  The lag time in teacher feedback to students with their performance, 

further impedes student motivation to learn.    

 

Electronic Response Systems 

Electronic Response Systems, Classroom Communication System, Wireless 

Student Response systems are different names for essentially the same technology which 

is a hand held transmitter that look like TV remote controls that sends a signal to a 

receiver that records students responses.   Most of the systems have the ability to 

summarize students in a histogram or as percentages instantly, which instantly gives the 

teacher an accurate picture of student prior knowledge and, comprehension (Liang et al, 

2005) 
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There are many varieties of ERS and are very similar in use and have the same 

features.  The generally consists of a simple handheld signal transmitter and a response 

signal receiver that is connected to a classroom computer that will then project all the 

students’ responses on a screen.  Some ERS systems have the ability to be used a 

as a calculator, texting features, Some systems use personal digital assistance 

(PDA) instead of simple handheld response transmitters therefore the students 

can text open-ended questions and they are not limited in their response.    

How the system works is that the students make a selection on their 

handheld while pointing at the response signal receiver.  The response signal 

receiver receives the signal and stores the data to the classroom computer.  The 

signal is transmitted wired or wirelessly either by radio or infrared waves. Figure 

1.1 is a simple illustration the classroom configuration using the electronic 

student response system. 

 Figure 1.1 
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 Figure 1.2 is an illustration is the student handheld response transmitter and 

wireless infrared receiver.  

Figure 1.2 
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LITERATURE REVIEW 
 

This chapter provides a review of the previous research that is relevant to this 

study.  The chapter is organized into subsections that include the history of Electronic 

Student Response systems (ESRS), case studies of how ESRS impact student learning 

and motivation and how they are an effective tool in creating constructivist and active 

learning environments. 

 

History of Electronic Student Response Systems 

 Eugene Judson of Arizona State University and Daiyo Sawada of University of 

Alberta, Canada published, Learning from Past and Present: Electronic Response 

Systems (ERS) in College Lecture Halls, a compilation of articles that review the clicker 

technology that extends over three decades.  Many of the case studies were conducted in 

science lectures with the purpose to provide teachers and students with the real time 

feedback.  Early research from the late 1960’s to the early 1970’s indicated no correlation 

between academic achievement and the stimulus from the ESRS method.   However more 

recent studies have showed a significant correlation between student academic gains and 

the use of ESRS when providing student feedback in a constructivist-oriented classroom 

(Judson & Sawada, 2002).   The Constructivist Theory is the idea that learners construct 

their own knowledge, which is influenced greatly by what they already know ((Kearney 

& Treagust, 2001).  Even though response systems had been studied for over 30 years 

researchers consistently discounted them because the emphasis was on the innovative 

uses of technology in large lecture halls. With the onset of the technology revolutions 
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many studies have changed their research focus to use clickers to improve student 

achievement, attitude and motivation. Judson and Sawada describe early generations of 

ESRS from 1968 to 1975 that originated out of the military’s use of filmed instruction 

material systems varied: tagged (records every seat in classroom) or anonymous 

(provided only counts of the total number of responses to each answer choice).  These 

early systems provided only printouts via computers and teletypewriters.  Another 

difference of the early generation of ESRS was the cumbersome and primitive hardware.  

The students had to turn a dial to indicate an answer (A, B, C, D and E) and then hit a 

response button and then, if correct, the button would vibrate and turn green.  An 

incorrect response would cause the button to vibrate and turn red.  The instructors could 

then use visual data gauge instruction.   

Garg (1975) explained how he used the system to allow students to overtly inform 
the instructor of the appropriateness of the pace of instruction. Specifically, 
students were able to continually input selections such as “go faster,” or “go 
slower.” If the metaphor school as a factory can be applied to a college lecture 
hall, then Brown (1972) illustrated how an electronic response system allowed 
students to control the conveyor belt of knowledge: The instructor “was able to 
pace himself by moving faster when the student responses were quick and sure. 
He stopped to amplify, clarify, or redefine, and explain when the responses 
indicated the majority of individuals did not understand.” Similarly, Casanova 
(1971) stated that if “class response was less than 50% correct, the same topic was 
reviewed again immediately. 
 

The literature review of this period not only described the ESRS as tool to 

facilitate immediate feedback but also as means to promote student discussion. To 

facilitate the use of clickers Littauer (1972) gave students a printout of the lecture, and 

then students were then not burdened with note taking and engaged more often in class 

discussion. Littauer further states that it: 
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…provoked a spontaneous debating session in class just before each lecture—an 
unforeseen development that I welcomed...[during lecture] if the answers to a 
certain question were coming in wrong, I could quickly abort the response period 
and ask the students to think for a moment. Again there would be a murmured 
debate, and often the correct answers would start coming in (Littauer,1972, pp 70) 

 

Judson and Sawada summarized the literature from the 1960’s and 1970’s and 

concluded previous research didn’t unanimously claim a correlation between increase of 

student achievement and the implementation of electronic student response systems. 

Even though there was no verifiable advancement in conventional assessment, the use of 

ESRS was still successful because the unqualified positive response of the students.   A 

student survey reported student’s satisfaction with the class, the efficacy of the system, 

and an overall better understanding of the material.  As a result, the attendance rate 

remained an astounding 95% during the entire semester (Judson & Sawada, 2002). 

Recent literature review, from 2002 to present, has shown an overwhelming 

increase in students’ satisfaction with electronic response system in their science class.   

The qualitative data includes a two-year study at Penn State University stated that 80% of 

students in a general education Planet Earth courses said that the electronic student 

response technology has helped them learn. (Greer & Peter, 2004)   Locally the electronic 

student response technology has been successful in California State University, 

Northridge in the introductory earth science and physical science classes by increasing 

student participation, interest and providing teacher and student with immediate feedback 

(Nagy-Shadman, 2004).  

In another study students felt that the electronic clickers had value in the 

socialization aspect, making impersonal classes more intimate and teachers noticed that 

the clickers met their students’ need to have interactive media, which leads to student 
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enthusiasm to participate (Herried, 2004).  The following table summarizes, Steve 

Bennett’s five- point student’s satisfaction survey.  Table 2.2 was modified from an 

abstract, “Evaluation of Electronic Student Response Technology in a General Education 

Oceanography Course”, November 2004. 

Results of 60 students in 100- level general education oceanography 
course at Western Illinois University 

 Agreed Neutral Disagreed 
Claimed ESRS technology aided in 
their learning. 

60% 37% 3% 

Would like to use ESRS technology 
again. 

57% 29% 14% 

 

Table 2.1 

Also as part of his five point satisfaction survey Bennett stated that in the open-

response section of the survey many students stated “that electronic student response 

systems made the class more fun and forced them to both attend class and pay closer 

attention during lectures” (Bennett, 2004). 

Carmen Hedwig Fies, Ph.D. at the University of Texas in 2005 stated a general 

summary of the related research findings in her paper, Classroom Response Systems: 

What Do They Add to An Active Learning Environment that, 

… 26 classroom network studies by SRI and Better Education researchers Jeremy 
Roschelle, Bill Penuel and Louis Abrahamson indicates that there is good 
agreement in terms of benefits of use (Roschelle, Abrahamson et al., 2004: 
Roschelle, Penuel, & Abrahamson, 2004).  Specifically, they found indications of 
“ greater student engagement (16 studies), increased students understanding of 
complex subject matter (11) increased student interest and enjoyment (7), 
heighten discussion and interactivity (6), increased teacher insight into student 
difficulties (4).” However, their review also indicates that the studies lacked in 
rigor, making it impossible to draw strong conclusions about the technology’s 
effectiveness. (Fies, 2006, pg.26) 
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Related Literature Constructivism and Active Learning Environments 

The newest and latest trend in technology in the teacher’s curriculum does not 

guarantee students will learn more.  It is the combination of how a teacher facilitates 

instructional objectives and his/her pedagogical strategies. In conjunction with my study I 

want to use the electronic response systems to transform my pedagogy from a passive 

teacher-center environment to an active learning and recognizing constructivism theory 

on how students’ learn.   I have witnessed in my teaching that students learn more in an 

active learning environment and my teaching approach is based on the pedagogical 

premise of constructivism.  Active learning environment is that students are engaged 

writing, reading, discussion, and reflection  (Dufresne et al, 1996).  What is the 

Constructivism theory?  According research in the learning of science from Robert J. 

Dufresne, William J. Garace, William J. Leonard Jose P. Mestre and Laura Wenk in the 

Department of Physics and Astronomy at the University of Massachusetts at Amherst, 

MA:  

Constructivism is a set of beliefs about knowing and learning that emphasizes the 
active role of learners in constructing their own knowledge (Anderson, 1987; 
Jonassen, 1995; Resnick 1983, 1987; Schauble, 1990; von Glasersfeld, 1989, 
1992). The construction of knowledge is viewed to be the result of a learner’s 
attempts to use his/her existing knowledge to make sense of new experiences. 
This entails both the modification of concepts and the reorganization of 
knowledge structures. Although the construction of knowledge can be facilitated 
by instruction, it is not the direct consequence of instruction. Since knowledge 
construction depends on the extant knowledge of the learner, different individuals 
will come away from an instructional experience with their own unique 
understanding, no matter how well the instruction is designed, and no matter how 
much effort the individuals devote to making sense of what they have seen and 
heard. Constructivism stands in stark contrast to the view of learning in which 
individuals passively receive well-organized knowledge (Dufresne et al, 1996) 
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I perceive this process analogous to a Russian Nesting doll, where every piece is 

enveloped successively into a larger piece.  The largest doll would be the constructivist 

approach, next smaller doll inside would be the active learning environment, then next 

smaller would be the technology tool, the electronic response system and finally the 

smallest inside doll would be the issues of science misconceptions. 

Most recently, in August of 2006 Jeremy Roschelle presented the Effective 

Integration of Dynamic Representations and Collaboration to Enhance Mathematics and 

Science Learning at the Curriculum corporation 13th National Conference, Adelaide that 

stated that the simple clicker technology is being adopted worldwide as an effective tool 

that enhances what we know on how people learn by using clickers with peer learning 

and formative assessment.  The teachers praise how the technology has transformed the 

classroom experience.  The simple technology and inexpensiveness of the system are part 

of the success but the practicing teachers state the clicker innovation has had remarkable 

renovations of classroom learning. 
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METHODOLOGY 

 
In this study, electronic student response systems were used in a 9th grade Earth 

Science class.  The electronic student response systems were designed to help students 

communicate instantaneously in order to notify and identify gaps in student learning and 

to quickly correct students’ misconceptions.  

 

Participants 

This study was conducted on 5 9th grade Earth Science classes at Granada Hills 

Charter high school.   Granada Hills Charter High School (GHCHS) is located on 44 

acres in the city of Granada Hills in the northwestern part of San Fernando Valley; of the 

county of Los Angeles.  In July of 2003 Granada became the largest charter school in the 

nation (GHCHS, 2007).  Students are from a large, densely populated suburban sub-

division. The participants ( n=80) are in an introductory general education 9th grade earth 

science class.  The study population consists of wide range of social-economic, 

educational, and cultural backgrounds including English language learners, and both 

special and general education students.  The only GHCHS sub-group not included in the 

study are the gifted or honors students.   

  

Materials 

In the study the class used a number of technologies and curriculum. Eduware 

interactive classroom clickers used in the study are EduGame, Version 6.1.  It was 

connected to IBM Think pad 2002 via an EduGame, USB Receiver.  The software that 
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accompanies the clickers is Wizard Test Maker Version 10.2, which creates, tests and 

provides students with individual and class statistics.  

The investigation tools include Eduware software to seek prior knowledge and 

post lesson test questions for the earth- moon-sun system unit.  Other investigations tools 

will include excel, Prentice Hall Earth Science textbooks, exploration lab: measuring the 

angle of sun and moon, freeonlinesurvey.com for pre and post student surveys and an 

observation log. The software utilizes Excel for student records, and Freeonline.com for 

pre-surveys (see Appendix C) was used to explore students’ feelings about traditional 

teacher questioning and the impacts of the type questioning has on their learning and 

motivation to participate.  The student post-survey  (see Appendix D) was issued to 

compare students’ attitudes, type of questioning method they preferred: traditional 

teacher questioning versus the using the electronic student response systems.  In addition 

the survey assess students’ feelings about their opinions on the level of motivation to 

participate on a 1 to 4 Likert scale and if they felt that they learned more  

 

Assessments 

Data for this study was gathered through the use of student interviews, attitude 

survey, observations, and students’ tests/quizzes.  Student interviews were conducted to 

get testimonials on their attitudes towards the use of the electronic student response 

systems. Study participants in whom I observed an increase in participation and improved 

test scores were interviewed.  Example questions are: 

• Why did you answer questions more often with the use of the 

electronic student response system? 
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• What factors contributed to your increase in test scores? 

 

The use of Freeonlinesurveys.com was used to record students’ pre-attitude 

survey.  The pre-attitude survey (see Appendix C) was used to gather insight in students’ 

experiences of a traditional classroom setting.  The pre-survey had 9 questions that are 

very simple yes (A) and no (B) questions and one that ranked response using a 1-5 Likert 

scale. (rarely, less than 1-3 times per semester (A), sometimes, 3-10 times per semester 

(B) 10-20 times per semester  (C) often more than 20 times per semester (D) frequently, 

every chance I can (E) I don’t know. 

The post-survey (see Appendix D) was used to gather information about 

students’ feeling about using the student electronic response system compared to 

traditional teaching.  The post-survey had 13 questions that are very simple yes (A) and 

no (B) questions. 

Pre- and post-test (see Appendix E and F) was given to participants.  The pre and 

post were selected from Hall Earth Science textbook, California edition in section 22.2.  

The 10 questions pre- and post- test questions were selected on the basis of uncovering 

common science misconceptions of students in order to analysis student learning with the 

use of the ESR system.   

 

Procedures 

This study was conducted in a six-week period, which included units on angle of 

insolation, heating of the atmosphere and the Sun’s radiation. (see Table 3.1 for Key 

events in the study). The two Earth science topics were chosen because of they would be 
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taught in similar manner and have the same of level difficulty.  This choice of method is 

because this study didn’t have the opportunity to have a control group and study group. 

 
Table 3.1.   Study Timeline of Key Events 

 
Prior to the study Have all student participants get parent approval to participate in 

study. (see Appendix F).  Test equipment, assign individual 

clickers by number to participants and set up the online student 

surveys.  

Week one Administer the student attitude survey about  how they feel 

answering questions in class. 

Week two • Seek prior knowledge on topic Earth’s moon with a pre-

test. 

• Teach topic via teacher center instruction and follow-up 

with hands-on activities. 

• At the beginning and the close of each class will check for 

understanding and record observation of the frequency of 

participants.  

Week three Administer the 10 question post- test. 

Introduce the electronic student response system and show 

students how to use it. 

Week four • Administer the pre-quiz on topic of “Angle of insolation” 

using the clickers.  Record observations 

• Teach topic via teacher center instruction and follow-up 

with hands-on activities. 

• At the beginning and the close of each class will check for 

understanding using the clickers. 

• Record student comments when using ESR clickers. 

Week five Administer the post-quiz on topic of “Angle of insolation” using 

the clickers.  Record observations- 
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Week six Interview students for testimonial on using electronic response 

system. 

 

Analysis 

Qualitative data were compiled from the students’ surveys and using 

Freeonlinesurvey.com create graphs of all the students’ responses.   Student interviews 

and observation were reviewed and interpreted on the impact of student learning. 

Quantitative data was compiled by taking the students test scores on the unit 

Insolation from the 5 classes that used to the clickers and compared the results to other 

test scores without the use of clickers. The percent difference between the two tests was 

calculated (Percentages were calculated by subtracting the test without the clickers from 

test with the clickers, sum the differences, divide by the total points possible).  In addition 

to analyzing the classes as a whole, I  analyzed the top 20% ranking students, middle and 

the lower 20% to see if the clickers had a greater impact (depending if the student is 

normally high performing versus the low performing) on any given subject of students. 
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ANALYSIS 

 
Qualitative Data 
 

The Qualitative data for this study was collected through the use of student 

testimonials, and pre and post surveys.  The study indicates students have a high level of 

motivation to participate in class with the use of student electronic response system. The 

research tools used were transcriptions of students’ testimonial, and online attitude 

surveys.  

Students’ preferred to answer anonymously using the of student electronic 

response system technology over traditional teacher assessment.  The following are the 

students’ comments from the post survey: 

Student #18608:  I was more confident to answer and I pay more attention when 

we used the “clickers”.  I wasn’t embarrassed to answer the questions. 

Student  #17856:  I liked using the clickers because no one knew my answer and I 

liked knowing if I was right or wrong 

Student # 17346:  I noticed that Student #17043 didn’t blurt the answers out loud 

and I was able to answer without being interrupted when Ms. Sill brought the clickers out 

during class. 

Student # 18298: ...I thought it is better to see what your classmates think, too. 

 

Prior to the introduction of ESRS the students were surveyed.  The survey 

indicated that a large percentage of students (29.5%) rarely answer questions. The 

majority, 51%, stated that they sometimes answer questions only when they know the 
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answer. The combined percentage of students who rarely or never answer questions is 

over 32 %.  (See Figure 4.1)  

 

Figure 4.1 

How often do you raise your hand to answer a question in class?  

1. Frequently  
2. Sometimes 
3. Rarely  
4. Never 

 
 

38% of the 80 students in the study stated that they don’t answer questions in 

class because they are shy and fear embarrassment if they answer incorrectly. (See Figure 

4.2) 
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Figure 4.2 
 
Which statement best describes you? 

1. I try to raise my hand and answer as many questions as possible. 
2. I usually answer questions when I am sure that I am right. 
3. I don’t answer questions because I am not sure if I am right. 
4. I don’t answer question even when the teacher calls on me. 
5. Other 

 

When asked of the student “would you prefer to answer anonymously?” 58 % 

stated that they would and 54 % stated that they have experienced embarrassment in class 

after answering a question incorrectly.   

 

Post Survey Analysis  

The majority of the students of the polled stated they liked using the electronic 

student response systems.  Over 88% of the students felt that they learned better when 

they knew if they were right or wrong immediately.  There is overwhelming preference to 

using the “clickers” versus traditional teacher verbal questioning pedagogy because 
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students felt that their grades improved, answered questions more often and felt free to 

respond and they were once reluctant to answer at all. (See Figure 4.2) 

In addition to preferring clickers students felt that with the continued use of 

clickers their confidence would increase, they would try to answer more accurately and 

over 80 % of students surveyed stated that they answered more freely because they 

preferred the anonymity the clickers provided (See figures 4.3 to 4.6). 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3 
1.  Did you like using the clickers to answer questions in class during class discussion?  

  A=YES  B=NO 
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Figure 4.4 

2. Did you feel that knowing whether you were right or wrong instantly helped you 
learn more? 

  A=YES  B=NO 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.5 

  4. Did you think the clickers continued use would improve your grade? 
  A=YES  B=NO 
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Figure 4.6 
 

5.  Clickers versus traditional class hand response; which do you prefer to use? 
   A=YES  B=NO 

  

 

Many students felt better prepared because they used clicker technology while 

learning the concept of insolation than when learning Earth’s moon without the clickers.  

Not only did the ESRS technology increase their confidence, also students’ stated they 

answered more freely which contributed their overall preference to use clicker 

technology over traditional verbal response.  More motivated to pay attention and to learn 

so they receive positive feedback when being “ clicker correct”. 
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Figure 4.8 
 
10. Did you answer more freely because the clickers are anonyms? 

A=YES  B=NO 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.7 
 
3.  Did you feel that you were better prepared for the angle of 
insolation quiz because the use of the clickers while you were learning 
angle of insolation concept? 
    A=YES  B=NO 
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Quantitative Data Analysis 

The Quantitative data for this study was collected through the use of quizzes.  See 

Appendix E for pre and post-test questions.  Both topics that were tested have possible of 

thirty points and the number of questions and level of difficulty were similar.  The study 

suggests that the use of ESRSs can be related to increased student learning, especially in 

low performing students.   The pre and post-test average scores improved by 1.74 points 

on average, which is a, 8.5% gain. The most significant gain was in the low performing 

students.  In the pre-use of the clickers there were 25 students that scored a D or lower 

and then after the use of the clickers only seven students scored a D or lower.  The data 

 

Figure 4.10 
 
13. After using the clickers, would you be more or less likely to raise your 
hand and answer a class questions aloud? 

   
A=YES  B=NO 
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shows that more students scored a B or better; thirteen students before and 23 students 

scored a B or better after the use of ESRS.   

Even though, the average of the high performing students had a decrease in 

average test score their were more students overall answered more 80% of  the questions 

correctly. (See figure 4.11) 

 

 Pre-test (SD) Post test (SD) 

Average (N=77) 20.52 (4.3) 22.26 (3.0) 

Average of students’ 
scored %80 or better. 

(N=13)  26.89  (N=23) 25.43 

Average of students’ score 
that % 60 or lower. 

(N=25) 15.72 (N=7) 16.42 

Figure 4.11 
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DISCUSSION 
 

Overview of the Study 
 

This study used electronic student response systems (ESRSs) to support student 

learning in a high school Earth science classroom because electronic student response systems 

were designed to help students communicate instantaneously in order to notify and identify 

gaps in student learning and to quickly correct students’ misconceptions. The Data collected 

from the study supports the use of ESRSs to motivate and improve student comprehension.  

 
Summary of Findings 

  

The testimonials of students indicated that they were more confident to answer with 

the use of clickers, they answer more frequently and felt that using the clickers helped them 

learn.   Students reported one of the benefits of using ESRS is they were able to answer 

because other students that normally blurt out answers didn’t which is a common problem 

with traditional elicitation.  The students also stated the clickers are useful because it 

allowed them to see the thoughts of other students.  The student attitude surveys indicate 

students preferred using the clickers over traditional teacher questioning.  The data also 

supported increased learning with the use of ESRSs technology because of increased 

motivation to answer questions, being on-task and participating in activities that are support 

active learning environments.  The anonymity that ESRSs technology provides improves 

student learning by creating the opportunity to answer in safe learning environment.  

Finally, the study contends that the low performing students (D or lower) benefit the most 

from the use of ESRSs technology   



ELECTRONIC STUDENT RESPONSE TECHNOLOGY 31 

     

 
Recommendations 

 

 The data indicates that frequent assessment strategies and educational technology 

can be used in the Earth science classroom to increase students’ enthusiasm to learn. 

Using ESRSs technology in a secondary education science classroom gives the teachers 

immediate insight awareness of students’ misconceptions and their gaps in 

comprehension of the concepts currently being taught.   Using the ESRSs when checking 

for understanding can facilitate a meaningful whole-class discussion, which can assist the 

process of a shared conclusion.  

Using the ESRS technology as an alternative instructional tool rather than 

traditional whole-class discussion to alleviate some of the negative effects on students 

because of lack of anonymity. The ESRS technology allows students to participate, to 

relay their thoughts to the teacher and allow students to immediately know their accuracy. 

This allows students to reflect and evaluate their own pathway to their learning.  As the 

students’ confidence increases they are more likely to participate in class discussions, 

which will then lead to higher student learning and understanding. 

 

Limitations of the Study 

The study was conducted with the same 9th grade students and measured the 

student learning, and class participation on two similar Earth science topics.  One of the 

limitation of this is study is there is no comparison data.  The validity of the data would 

be stronger if in study was a control group and a study group.  Both groups would have 



ELECTRONIC STUDENT RESPONSE TECHNOLOGY 32 

     

learned the same topic in the same manner but the only variable would be the use of 

ESRS. 

Another limitation of the study was the large learning curve it took me to setup 

and fix the hardware and the clickers. The extended time spent on the setup prior to the 

study put time constraints on the actual study time. The hardware used in the study was 

functional but had some problems if I didn’t shut half the lights off and if the students 

didn’t point directly to the receiver.  

 
 



ELECTRONIC STUDENT RESPONSE TECHNOLOGY 33 

     

 
REFERENCES 

 
Ausubel, D., Novak, J, & Hanesian, H (1978). Educational Psychology: A cognitive view. 
New York: Holt, Rinehart & Winston. 
  
 
Bennett, S., (2004, November 10). Evaluation of electronic student response technology 
in a general education oceanography course. Paper presented at the Annual Meeting of the 
Geological Society, Denver, CO. 
 
Brown, J.D. (1972). An evaluation of the Spitz student response system in 
teaching a course in logical and mathematical concepts. Journal of Experimental 
Education, 40(3), 12-20 
 
Casanova, J. (1971). An instructional experiment in organic chemistry, the 
use of a student response system. Journal of Chemical Education, 
48(7), 453-455. 
 
Clement, J.J. (1982a). Algebra word problem solutions: Thought processes underlying a 
common misconception. Journal for Research in Mathematics Education,13,16- 30. 
 
Clement, J.J. (1982b). Students’ preconceptions in introductory mechanics. American Journal 
of Physics, 50, 66-71.  
 
Defresne, R.J., Gerace, W.J., & Leonard, W.J., Mestre, J.P., & Wenk, L. (1996). 
Classtalk: A classroom communication system for active learning. Journal of Computing 
in Higher Education. 7(2), 3-47. 
 
 
Fies, C, & Marshall, J (2006). Classroom response systems: A review of the literature. 
Journal of Science Education and Technology. 15 (1), 101-109 
   
Garg, D.P. (1975). Experiments with a computerized response system: A favorable 
experience. Paper presented at the Conference on Computers 
in the Undergraduate Curricula, Fort Worth, TX. (ERIC Document Reproduction 
Service No. ED111355) 
 
Greer, L., & Heaney, P., (2004). Real-time analysis of student comprehension: An 
assessment of electronic student response technology in an introductory earth science 
course. Journal of Geoscience Education. 52, 345-351. 
  
(2007). Community Profile. Retrieved March 11, 2008, from Granada Hills Charter High 



ELECTRONIC STUDENT RESPONSE TECHNOLOGY 34 

     

School Web site: 
http://www.ghchs.com/s/379/images/editor_documents/content/GRANADA%20HILLS%
20CHARTER%20HIGH%20SCHOOLIS%20CURRENTLY%20ACCREDITED%20B
YT/StudentCommunityProfileRevised.pdf 
 
Halloun, I.A. & Hestenes, D. (1985). The initial knowledge state of college physics 
students. American Journal of Physics, 53, 1043<ETH>1055. 
 
Herreid, C.F. (2006, October)."Clicker" Cases: Introducing Case Study Teaching Into 
Large Classrooms. Journal of College Science Teaching. 17, 43-47. 
  
Hestenes, D., Wells, M. & Swackhamer, G. (1992). Force concept inventory. The 
Physics Teacher, 30  (March), 159-166. 
 
 
Judson, E., & Sawada, D (2002). Learning from past and present: Electronic response 
systems in lecture halls. Journal of Computers in Mathematics and Science Teaching. 
21(2), 167-81. 
  
Kearney, M, & Treagust, D.F. (2001). Constructivism as a Referent in the Design and 
Development of a Computer Program Using Interactive Digital Video to Enhance Learning 
in Physics. Australian Journal of Educational Technology. 17(1), 64-79. 
  
 
Lawrenz,  Frances, Huffman, D, Appeldoorn, K, & (2005). Enhancing the instructional 
environment: Optimal learning in introductory science classes. Journal of College Science 
Teaching, 34(7), 40- 42. 
 
Liang, J. K., Liu, T. C., Wang, H. Y., Chang, B., Deng, Y. C., & Yang, J. C (2005). Journal 
of Computer Assisted Learning. 21, 181-189.  
 
Lightman, A.P., Miller, J.D. & Leadbeater, B.J. (1987). Contemporary cosmological 
beliefs. In J.D. Novak (Ed.), Proceedings of the second international seminar on 
misconceptions and educational strategies in science and mathematics, Vol. III (pp. 309- 
321). Ithaca, NY: Department of Education, Cornell University.  
 
Littauer, R. (1972). Instructional implications of a low-cost electronic student 
response system. Educational Technology: Teacher and Technology 
Supplement, 12(10), 69-71 
 
McDermott, L.C. (1984). Research on conceptual understanding in mechanics. Physics 
Today, 37(7), 24-32. 
 
Mestre, J. & Touger, J. (1989). Cognitive research: What’s in it for physics teachers. The 



ELECTRONIC STUDENT RESPONSE TECHNOLOGY 35 

     

Physics Teacher, 27 (Sept), 447-456. 
  
 
Nagy-Shadman, E.A. (2004, November 7-10). Everyone involved and everyone thinking: 
Success with electronic student response technology at California state university, 
Northridge. Paper presented at the Annual Meeting of the Geological Society, Denver, CO. 
 
 
Pintrich, P.R. & De Groot, E. (1990). Motivational and self-regulated learning 
components of classroom academic performance. Journal of Educational Psychology, 82, 
33-40. 
 
Pintrich, P.R., Marx, R.W. & Boyle, R.A. (1993). Beyond cold conceptual change: The 
role of motivational beliefs and classroom contextual factors in the process of conceptual 
change. Review of Educational Research, 63, 167-199. 
 
Pintrich, P.R. & Schrauben, B. (1992). Students’ motivational beliefs and their cognitive 
engagement in classroom academic tasks. In D. Schunk & J. Meece (Eds.), Student 
perceptions in the classroom: Causes and consequences (pp. 149-183). Hillsdale, NJ: 
Lawrence Erlbaum Associates. 
 
Pyramid Film & Video. A Private Universe. Santa Monica, CA. 
 
Roschelle, J., W.R.  Penuel, and L. Abrahamson. (2004) Classroom response and 
communication systems: Research review and theory. Paper presented at the 2004 
Meeting for the American Educational Research Association, San Diego. 
 
Roschelle, J., Abrahamson L.A., & Penuel W.R. (2004). The networked classroom.  
Educational Leadership, 61 (5), 50-54 
 
Strike, K.A. & Posner, G.J. (1992). A revisionist theory of conceptual change. In R. 
Duschl & R. Hamilton (Eds.), Philosophy of Science, Cognitive Psychology, and 
Educational Theory and Practice (pp. 147-176). Albany, NY: SUNY. 
  
 
Tobias, S. (1990). They’re Not Dumb. They’re Different: Stalking the Second Tier. 
Tucson, AZ: Research Corporation. 
 
Wallis, C (2006, December 18). How to bring our schools out of the 20th century. Time, 
50-56 
 
Wandersee, J.H. (1983). Students’ misconceptions about photosynthesis: A cross-age 
study. In H. Helm & J. Novak (Eds.), Proceedings of the international seminar on 
misconceptions in science and mathematics (pp. 444-465). Ithaca, NY: Department of 



ELECTRONIC STUDENT RESPONSE TECHNOLOGY 36 

     

Education, Cornell University 



ELECTRONIC STUDENT RESPONSE TECHNOLOGY 37 

     

APPENDECIES 
 

Appendix A 
   
Students using electronic response systems 
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Appendix B 
 
Eduware clickers and receiver. 
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Appendix C 
 
 
Student Pre-survey   
http://FreeOnlineSurveys.com/rendersurvey.asp?sid=eoo7aejn1916mzk291720 
 
 

1. How often do you raise your hand to answer a question in class?  
5. Frequently 
6. Sometimes 
7. Rarely  
8. Never 

2. Which statement best describes you? 
1. I try to raise my hand and answer as many questions as possible. 
2. I usually answer questions when I am sure that I am right. 
3. I don’t answer questions because I am not sure if I am right. 
4. I don’t answer question even when the teacher calls on me. 
5. Other 

3. Which statement best describes you? 
1. I want to be the first to answer the questions and sometimes I 

raise my hand even if I don’t know the answer. 
2. I am too shy to answer in front of all the other students. 
3. I don’t answer because I will be embarrassed if I am wrong. 
4. Other 

4. Would you answer questions more often if you could answer 
anonymously?  

1. Yes 
2. No 

5. Have you ever-experienced embarrassment because you answered a 
question incorrectly? 

1. Yes 
2. No 

6. Have you ever noticed that there are a few students in class that always 
answers the question and the teacher always calls on them first? 

1. Yes 
2. No 

 
7. If you answered yes to question #6 does your teacher overlook you? 

1. Yes 
2. No 
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Appendix D 
 
 
Student Post-Survey  
http://FreeOnlineSurveys.com/rendersurvey.asp?sid=ipn28v7h1k6j5rb291724 
 

1. Did you like using the clickers to answer questions in class during class 
discussion? 

2. Did you feel that knowing whether you were right or wrong instantly helped 
you learn more? 

3. Did you feel that you were better prepared for the angle of insolation quiz 
because the use of the clickers while you were learning angle of insolation 
concept? 

4. Did you think the clickers continued use would improve your grade? 

5. Clickers versus traditional class hand response; which do you prefer to use? 

6. Did you answer more often when you used the clickers? 

7. Where you one of the students that replied that you never raise your hand 
during class discussion and then now answer questions because of the clickers? 

8. As the question session continued did your accuracy improve? 

9. Did you want to answer the questions correctly because you could view the 
class accuracy result and want to be in the right group? 

10. Did you answer more freely because the clickers are anonyms?  

11. Did your confidence increase because you received immediate feedback on 
your knowledge of correct answers? 

12. Did reading the question on the projector screen as the teacher read it help you 
answer correctly? 
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13. After using the clickers, would you be more or less likely to raise your hand 
and answer a class questions aloud? 
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Appendix E 
 
Student Pre-Test with out the use of Electronic Response System 
 
Topic: Earth’s Moon 
 

1. During which month is Earth farthest from the sun? 
a. January 
b. April 

c. July 
d. October 

2. When is the moon nearest to Earth during its orbit? 
a. at apogee 
b. at perihelion 

c. during an eclipse 
d. at perigee 

3. What type of eclipse occurs when the moon casts its shadow on Earth 
a. lunar 
b. sidereal 

c. solar 
d. synodic 

4. During the period that the moon’s phases are changing from new to full, the moon 
is 

a. waning 
b. approaching Earth 

c. waxing 
d. receding from Earth 

5. The large, dark regions on the moon are called 
a. highlands 
b. craters 

c. mountains 
d. maria 

6. Rilles are associated with which of the following lunar features? 
a. craters 
b. maria 

c. rays 
d. highlands 

7. The oldest lunar features are  
a. highlands 
b. rayed craters 

c. rilles 
d. maria 

8. The periods of the Moon’s rotation and revolution are equal. This results in: 
a. lunar eclipse 
b. the eight phases of the 

Moon 

c. neap tides 
d. the same side of the 

Moon facing the Earth 
9. Which motion causes the Moon to show phases as viewed from the Earth:  

a. The rotation of the Moon on its axis. 
b. The revolution of the Moon around the Earth. 
c. The rotation of the Sun on its axis. 
d. The revolution of the Sun around the Moon. 

10. When the Moon is completely covered within the Earth’s umbra, which occurs: 
a. a lunar eclipse 
b. a solar eclipse 

c. an annular eclipse 
d. no eclipse 
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Appendix F 
 
Student post-test with the use of Electronic Response System 
 
Topic; Angle of Insolation 
 

1. Approximately how much insolation is reflected back into space? 
a. 19% 
b. 30% 
c. 51% 
d. 75% 

2. Which latitude would generally receive the greatest amount of insolation? 
a. 90 degrees 
b. 45 degrees 

c. 23.5 degrees 
d. 0 degrees 

3. Electromagnetic energy that reaches the Earth from the Sun is called: 
a. Insolation 
b. Conduction 

c. Specific heat 
d. Terrestrial radiation 

4. Which substance would absorb the greatest amount of radiation in the shortest 
amount of time? 

a. a white rock 
b. a black rock 

c. a cup of water 
d. a glacier 

5. During what time of the year is the duration of insolation longest in the Northern 
Hemisphere? 

a. winter 
b. spring 

c. summer 
d. fall 

6. As its angle decreases, the intensity of insolation: 
a. remains the same 
b. decreases 

c. varies 
d. increases 

7. During which time of the year is the angle of insolation greatest at 45 degrees 
north latitude? 

a. winter 
b. spring 

c. summer 
d. fall 

8. As the angle of insolation decreases, the surface temperature generally:  
a. remains the same 
b. decreases 

c. varies 
d. Increases 

9. As latitude decreases, the angle of insolation: 
a. remains the same  
b. decreases 

c. varies 
d. increases 

10. Generally as latitude increases, the angle of insolation:  
a. decreases 
b. increases 
c. stays the same 
d. varies 
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Appendix F  
 
 
Student Participant Permission Letter: 
 

10/31/2007 
 
Dear Parent and /or Legal Guardian: 
 

 Your child’s classroom is participating in a research study conducted by Ms. Sill at 
Granada Hills Charter High School. We are asking you to give permission for your child 
to participate in the study with his/her class during this school year. The study is being 
used for Ms. Sill’s action research project assignments at California State University, 
Northridge.  
 The purpose of the study is to examine student learning when using electronic 
student response system.  Students in the study will use the student electronic response 
systems to respond to questions on an earth science unit.  The students in the study will 
answer questions based on the attitudes on traditional teacher-question pedagogy versus 
using an anonymous electronic response system.  The results of the study will be used 
only for myself and research purposes. The activities that your child will participate are 
use of the clickers, pre- & post-survey, pre- & post-unit test, and student interviews. The 
data collected will be kept strictly confidential and will be used for research purposes 
only. Any reports or presentations about this study will NOT use the real names of any 
students. Your child’s performance in the study will NOT affect your child’s grade in any 
way.  
 Participation in this study is voluntary. We hope that you will allow your child to 
participate in this study. IF you have any questions about your child participating in this 
study and would like to talk with Ms. Sill please call at 805-587-3994 or e-mail her at 
bsill@ghchs.com. 
 
Sincerely, 

Brenda Sill 

 ____Yes, my child has my permission to participate in this study.  
 ____No, my child does not have my permission to participate in this study. 
 
My Childs name_______________________________________________ 
 
My Name____________________________________________________ 
 
My signature_________________________________________________ 
 
 
PLEASE RETURN THIS FORM TO MS. SILL IN ROOM C-2.
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Appendix G 
 
Excel spread sheet of the students’ pre and posttest scores. 
 

   
Student ID  Pre Post  
    

17207  00013 00019 
17732  00014 00019 
18510  00015 00021 
17203  00016 00021 
17324  00017 00020 
17622  00017 00018 
17143  00018 00021 
17872  00018 00020 
17177  00019 00020 
17931  00019 00021 
17425  00019 00022 
17458  00020 00021 
17476  00020 00022 
18663  00021 00023 
18320  00021 00023 
17299  00021 00024 
17480  00022 00021 
17589  00022 00022 
17087  00022 00024 
17104  00022 00023 
17332  00022 00026 
18237  00022 00023 
17521  00022 00024 
18083  00023 00023 
17688  00024 00025 
18332  00024 00024 
18141  00024 00024 
17802  00024 00024 
17221  00025 00026 
17566  00025 00025 
17095  00025 00026 
17135  00025 00026 
18167  00000 00010 
17667  00012 00018 
18610  00016 00023 
17463  00017 00019 
17240  00017 00019 
17081  00017 00021 
18468  00017 00020 
17285  00018 00018 
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18209  00018 00019 
17719  00019 00021 
17808  00019 00021 
17876  00019 00022 
18500  00020 00022 
17506  00020 00023 
17578  00021 00021 
18335  00021 00023 
18476  00021 00023 
17178  00021 00023 
18458  00022 00026 
17665  00023 00025 
17583  00023 00022 
17204  00024 00025 
17260  00025 00026 
17535  00025 00027 
18532  00025 00025 
17228  00026 00027 
18226  00026 00026 
18206  00009 00011 
17936  00010 00017 
18612  00012 00018 
17322  00016 00019 
18220  00017 00022 
18362  00017 00020 
17696  00017 00022 
17215  00017 00021 
17368  00018 00022 
14070  00019 00021 
15868  00019 00020 
11298  00019 00021 
14765  00019 00023 
18531  00020 00021 
11343  00020 00022 
11706  00021 00026 
13918  00022 00024 
15272  00022 00025 
13016  00023 00023 
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