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The purpose of this study was to analyze the effects of audience response systems 

on the secondary classroom. High school students (n=61) participated in one of three 

groups: (1) a control group, which heard traditional lectures with verbal questions only, 

(2) a clicker group, which had questions displayed and used clickers to answer, and (3) a 

questions only group, which had questions displayed but used slips of paper to answer the 

question. ANOVA was used to analyze various sources of data, including: test scores, 

post-test scores, and others, and it was found that there was no statistical difference 

between the control and two treatment groups. A focus group (n=4) was held to gather 

qualitative data. Students in the focus group indicated that they enjoyed using clickers for 

various reasons. Focus group participants indicated that clickers allowed for increased 

interaction between students and teacher and between students, the graphs allowed 

students to understand how they performed compared to the class, and gave opportunities 

for competition. More data needs to be collected on the use of clickers and how the 

discussion they foster might lead to increased learning.  

 

 

 

 

vi 



 

Table of Contents  

 

I. Introduction……………………………………………..……………………………1 

A. Problem Statement………………………………………….…………………1 

B. Research Objectives…………………………………………...………………1 

C. Purpose Statement……………………………………………..………………3 

D. Organization of Report………………………………………..………………3 

II. Background…………………………………………………………………………..4 

A. Benefits of Clickers……………………………………………………………4 

B. Drawbacks of Clickers………………………………………………...………9 

C. Remarks on Education Research……………………………………….……14 

III. Methods…………………………………………………………….………….……17 

IV. Results…………………….………………………………………….………..……22 

V. Conclusions………………………………………………………………………....27 

A. Results…………………………………………..……………………………27 

B. Errors…………………………………………………………………………29 

C. Suggested Improvements…………………………………….………………31 

VI. Application to Practice………………………………………………...……………35 

Appendix…………………………………………………………………………………37 

Reference List..……………..……………………………………………………………43 

Vita……………………………………………………………………….……………....45 

 

 

 

 

vii



1 

I. Introduction  

A. Problem Statement 

Our students have grown up surrounded by technology; do we as educators have a 

duty to incorporate technology into our classrooms? An increasing number of studies on 

the use of audience response systems (ARSs, or more informally known as „clickers‟) 

have been performed in the post-secondary setting (Caldwell, 2007; Crouch & Mazur, 

2001; Draper, 2002; Fies, 2005; King & Joshi, 2008; Mayer et al., 2009; Ribbens, 2007; 

Shaffer & Collura, 2009; Stowell & Nelson, 2007); however, there are very few studies 

that have been performed in the secondary setting (Barnes, 2008; Conoley et al., 2007; 

Kay, 2008). Since there are an increasing number of secondary school districts providing 

these tools for high school teachers to utilize, it is imperative to analyze their efficacy 

with high school students. Do clickers work in the secondary setting to help students 

learn more? Does the use of clickers help to engage students during lectures? How does a 

graph of student answers and a discussion aid student learning? Are teachers more 

equipped to modify instruction based on feedback received using the clickers? 

B. Research Objectives 

This research was performed to quantitatively assess the effectiveness of the use of 

clickers in high schools. Much research in the post-secondary setting, as reported by a 

literature review on the topic, has indicated that students who use clickers during lectures 

were more engaged, which could lead to increased learning (Fies & Marshall, 2006). 

Data supporting an increase in test performance has been more uncertain, with some 

researchers finding that students performed better on test questions that were both similar 
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and dissimilar to lecture clicker questions (Conoley et al., 2007; Mayer et al., 2009; 

Shaffer & Collura, 2009) while others found no differences between test scores (Barnes, 

2008; Fies, 2005; Stowell & Nelson, 2007).  

This study‟s specific objectives include: 

1. To analyze quantitative data taken in the secondary setting in order to 

determine whether clickers improve student performance 

2. To determine student feelings about the use of clickers in the classroom 

As Fies and Marshall (2006) discuss in their literature review, many studies have 

been performed in settings that were not strictly controlled. This study sought to maintain 

controls in order to determine whether clickers facilitated learning by the students. 

Educators and school districts will benefit from the knowledge gained through this study 

as they will be able to consult data regarding the effectiveness of clickers collected in a 

setting similar to their own.  

The research described in this masters‟ report was completed over the course of 

approximately ten months. First, a literature review was carried out to analyze the current 

understanding of the use of clickers in the secondary and post-secondary settings. Then, 

quantitative data, including: pre- and post-test assessments of student learning, exam 

scores, and observational data, were collected over the course of two months. A small 

focus group was then held in order to collect qualitative data about students‟ attitudes 

towards the use of clickers in their classroom. Finally, all data were analyzed in order to 

come to conclusions regarding the effectiveness of clicker use as detailed in the study‟s 

objectives above.  
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C. Purpose Statement 

Following Creswell‟s Research Design, the purpose of this two-phase, sequential 

explanatory mixed methods strategy was to collect and statistically analyze achievement 

data from a sample of students being exposed to a variety of treatments and then collect 

qualitative data through a focus group with a sub-set of these same students in order to 

more deeply explore information revealed in the quantitative data. The quantitative data 

address the relationship between the use of clickers and test performance in secondary 

education classes at an area high school. The qualitative data will be used to probe for 

students‟ thoughts and feelings regarding the use of clickers in secondary education 

classes (p. 101).  

D. Organization of Report 

Section II contains background information obtained from peer-reviewed literature 

regarding the researched benefits and drawbacks with the use of personal response 

devices and a discussion on educational research. The experimental methodology is 

written in Section III with the results presented in Section IV. The conclusions are 

presented in Section V, including a discussion of changes that would be made if the 

experiment were performed again. The final Section (VI) presents a discussion of the 

application of this study to educational practice.     
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II. Background 

A. Benefits of Clickers 

Teacher Benefits 

Research has brought to light many benefits of using audience response systems 

in the classroom. The advantages of using clickers reach both the teacher and the 

students. Some of the research findings are still unclear, but others have been found 

consistently accurate. Both will be presented here.   

The most important feedback a teacher receives is student responses to his or her 

questions. Unfortunately, very few students tend to participate when questions are asked 

verbally to the entire class. For the teacher an audience response system is a tool to assist 

in getting feedback and increased participation from his or her students. When the 

question is asked using an ARS, all students must answer. The feedback received allows 

the teacher to have an instant view of students‟ current understanding; more importantly, 

it allows teachers to modify their instruction based on student feedback. “Technology 

affords immediate feedback and multiple opportunities to make students‟ thinking 

visible, enabling science teaching that is more responsive to students‟ needs” (Delgado & 

Krajcik, p. 201). If all students understand the question, the teacher moves on; if many of 

the students miss the question, the teacher knows he or she needs to spend more time 

reviewing the material. ARSs also have the ability to elucidate misconceptions as 

teachers can see which incorrect answers received votes. Again, this gives the teacher 

power to modify instruction immediately.  
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Another advantage that has been found when using ARSs is attendance (Caldwell, 

2007). Research in post-secondary classrooms has continuously found increases in 

attendance when clickers were used, especially if clicker responses contributed in a small 

way to the students‟ grades. This benefit might encourage college professors to take up 

the use of ARSs in order to increase attendance. Since attendance in high schools is 

mandatory, high school teachers have different resources that can be employed to deal 

with attendance problems (parents, Assistant Principles, truancy charges), so this perk 

may not be realized if ARSs are used in high school classrooms.  

In comparison with other polling methods such as hand raising and response cards 

(with multiple choice responses, A, B, C, D in large print), ARSs have been found to be 

the most “honest” feedback a teacher can receive (Stowell & Nelson, 2007). Researchers 

found that the „learning‟ that took place during the lecture, as measured by clicker 

responses, more closely matched the actual learning that was taking place, as measured 

by the post-lecture quiz. When using hand raising or response cards to answer questions, 

video observations found that students who were unsure of the answer to a question 

tended to pause when they were supposed to vote, look around, and then vote with the 

majority. This gave the teacher artificially high percentages of students who appeared to 

understand the topic, not allowing the teacher to modify and help students who actually 

did not understand the topic. Thus when only hand raising and response cards were used, 

the groups showed a higher amount of „learning‟ taking place during the lecture than was 

reported on the post-lecture quiz. The authors do not indicate whether students were 

forced to answer the clicker questions without discussion among themselves. If 
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discussion was allowed, students could still have guessed answers based on what 

classmates around them were choosing, negating the “honesty” of the data gathered using 

remotes. 

There is evidence that the use of clickers in a teacher‟s classroom could decrease 

the gender gap that exists between male and female students. Studies have indicated that 

females tend to participate more (answer more clicker questions) than males. As stated 

above, this increase in active learning, could lead to increased gains for females and thus 

serve to counteract the gender gap (King & Joshi, 2008). 

Student Benefits 

Research shows that it is not only the teacher who gains from the use of audience 

response systems in the classroom; students also reap the benefits from the use of 

clickers. As they‟ve become quite common in large university classes, students who are 

exposed to clickers in high school may feel more comfortable during college classes 

using the devices. One literature review regarding the use of ARSs finds that some 

benefits, such as test score gains, are still questionable in the current state of research 

while others such as increased student engagement have been found to be consistently 

true (Fies & Marshall,  2006). 

As stated above, a unique characteristic of the use of clickers in the classroom is 

their ability to allow for 100% participation from students. Because these results are 

private (only the teacher knows which remote corresponds to which individual student), 

students who would normally opt out of vocal participation can now answer questions 

anonymously in front of their peers (Delgado & Krajcik, 2010; Stowell & Nelson 2007). 
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This encourages all students to mentally engage. Educational researchers have argued 

that being engaged increases the likelihood that students will “actively construct 

knowledge” (Kay & LeSage, 2009, p. 241), but the authors discuss the possibility that 

this engagement could be due to the increased attention during the lecture or the “novelty 

of the technology” (p. 242). Additional, prolonged research in classrooms where clicker 

use has become routine must be performed in this area in order to eliminate the latter 

option.  

Generative learning is a process where the knowledge being learned is stored in 

such a way that links are created to past knowledge. Research has indicated that 

“generative methods of instruction - such as adjunct questions, practice testing, and self-

explanation – can be effective, particularly for learning of verbal material” (Mayer et al., 

2009, p. 52). The authors hypothesized that students in the clicker group of their study 

performed better because they were listening more carefully to the lecture because they 

knew questions were to follow, thus they were doing more to “organize and integrate the 

material” (Mayer et al., p. 53) so that they could answer the upcoming questions. It would 

have been beneficial for the researchers to perform a focus group in order to obtain 

qualitative data to back up this claim. However, these researchers did collect quantitative 

data that demonstrated students who used the clickers performed better on test questions 

that were both similar and dissimilar to in-class clicker questions. The idea that ARSs and 

test performance are linked has been the subject of multiple studies. Mayer‟s research 

group found an increase in student performance on both similar and dissimilar questions; 

Shaffer and Collura (2009) also found that students performed statistically better on 
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questions that were similar to in-class clicker questions.  For this study,  however, 

questions that were dissimilar to in-class clicker questions were not analyzed, so it cannot 

be concluded that clicker group students performed better on these questions because 

they had learned more while in the clicker lecture rather than because they had seen 

similar questions. While studies such as this leave questions about the link between 

clickers and test performance, the evidence does indicate that clickers help students to 

engage and focus during a lecture as they try to make sense of information presented so 

they can answer upcoming questions (Mayer et al. 2009).  

When teachers use peer-based learning, some research has shown that students 

will learn more (Crouch & Mazur, 2001). The researchers used clickers and Peer 

Instruction in college-level physics courses over the course of ten years. Peer Instruction 

begins with a question posed by the instructor. Students must first consider and answer 

the question individually. Then, students discuss the question with their peers and are 

encouraged to try to convince others of the correctness of their answer. Finally, students 

vote a second time. The instructor, based on the second vote, can summarize and clear up 

misconceptions if any are still present. Researchers hypothesized that this defense of their 

answer to their peers allows students to articulate the reasons behind their answer choice, 

illuminating their thought process to themselves, their classmates, and their teacher who 

is circulating around the room listening. Crouch and Mazur found dramatic increases in 

student performance using multiple standardized tests, course exams, and the answers to 

the in-class questions. This experiment lacked extensive controls throughout the ten year 

period. The instructor changed multiple times, the text used by the class changed, the 
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questions changed. The authors indicate that each instructor had their own methodology 

of using Peer Instruction; however, the researchers indicate that the ability to transform 

Peer Instruction is one of the advantages of the methodology. 

B. Drawbacks of Clickers 

As each advancement in educational technology is put into practice, there will be 

both benefits and drawbacks. Teachers have reported some difficulties associated with 

the use of clickers in the classroom. These include the time to formulate questions and 

gather responses in class, the limited amount of content that can be “covered”, and 

expense of the clickers or class response systems. Some students have also responded 

unfavorably to the use of clickers, mainly due to increased stress over clicker use during 

summative assessments.  

Teacher Drawbacks 

The largest complaint with regards to the use of audience response systems by 

teachers is in regards to time – time in preparation for clicker classes and time lost during 

lectures due to in-class discussions taking up lecture time. Question-driven instruction, 

where questions are the basis of the lecture rather than being used to check for 

understanding after a lecture, uses clickers to guide all of the learning. In order for this 

type of instruction to be successful, each question must have a content goal, a process 

goal, and a metacognitive goal (Beatty, Gerace, Leonard, & Dufresne, 2006). Writing 

questions that fulfill all three components requires significant preparation time, which 

could put undo stress on already overworked educators. With the continued use of 

clickers, it does seem likely that databases of questions could eliminate much of this 
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burden; some subject areas (physics, astronomy, chemistry) already have such questions 

banks.  

In addition to losing time in preparation for the class, teachers lose time within the 

class. Each clicker questions must be posed, deliberated over, and voted on (and this 

sometimes occurs multiple times with additional time for group discussion as well). The 

additional time used to answer and discuss clicker questions means that less content will 

be covered (Caldwell, 2007). Much research has been done regarding the amount of 

content covered in a course and the amount of content learned by students. Kenwright 

(2009) states that “In a curriculum such as the Clinical Laboratory Science program, there 

is a defined body of knowledge that must be delivered to the students” because these 

students must “pass national board exams in order to get licensure to work” (p. 76). 

Though clicker classes may cover less content during class time, Kenwright fails to 

discuss the possibility that students can partake in learning though reading outside of 

class time which would make up for the content not covered during class time. 

Additionally, many researchers argue that less content covered means that content taught 

will be taught to a deeper level. One group of researchers found that “the contrast of 

positive associations between depth and performance and negative associations between 

breadth and performance is striking” (Schwartz et al., 2008, p. 818). This research was 

performed though analysis of surveys of almost 7,000 college students enrolled in entry-

level science classes at colleges throughout the nation. The researchers discuss that 20
th

 

century research has come back to the idea that depth is preferable over breadth after 

historical ideas that covering more content was ideal. With regards to class time, 
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technical difficulties have been known to frustrate some teachers and students who were 

using an ARS for the first time (Caldwell, 2007). This problem could be eliminated with 

training, practice, and readily available technical support.  

Caldwell (2007) noted that the use of clickers, when attached to grades, may 

cause an increase in cheating. Students were observed bringing multiple clickers to class, 

inputting answers for their friends who did not attend class. This problem is less likely in 

a high school setting, as clickers belong to the school and are handed out to specific 

students. Also, it seems quite likely that a teacher in a smaller high school class would 

know who was present and absent and would be able to catch an attempt to cheat in this 

way.  

Lastly, the expense of the audience response systems could be a drawback in 

some situations. At the university level, much of this cost would be passed onto the 

students and could produce negative feelings from destitute college students; however, 

“The initial grumbles about clicker costs quickly disappeared when I pointed out that $30 

was a cheap investment if you got a letter grade higher” (Ribbens, p. 60). Additionally, it 

is often the case that one clicker would be capable of being used throughout the entirety 

of a student‟s collegiate career. At the secondary level cost could be more of a burden 

since the system and all its remotes would most likely be paid for by the high school. 

Because complete systems are priced in the thousands, it may seem an undue burden on 

high schools to purchase such an expensive item that only one teacher could use during 

any class period. 
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Student Drawbacks 

From a student‟s perspective, cost has been mentioned as an objection to the use 

of clickers in the college setting, but as discussed above, this does not affect high school 

students. Kay (2008) surveyed 659 high school students on their opinions regarding the 

use of ARSs. Students had been in a variety of classes – including business, math, and 

science courses – where they had used the clickers. Most responses were neutral or 

positive regarding the use of clickers; however, there were a few females who had 

distinctly negative comments about clicker use when used for summative assessments. 

One female said, “‟The clickers seem to create more pressure to answer correctly which 

often led to answering incorrectly. The clickers were fun – This technology for M/C 

questions is innovative but I‟m not sure they‟re good for tests and quizzes.‟” (p. 734). 

The researcher does point out that the number of students responding this way was very 

small – just 30 of 659. Males did not indicate feelings of additional stress when using 

clickers on tests.  However, the researcher points out that this data may have been skewed 

toward females because more females happened to be in classes that used clickers for 

summative assessment than males. Since there has been no research on the use of clickers 

for purely summative assessments, it may be a good idea not to use ARSs for these 

situations, using them instead for formative, daily uses. Also, students voiced concern 

over not being able to know that their votes were being registered with the computer 

software. Students worried that their grades would be penalized for not answering 

questions because of a computer error. Making scores visible to students, either online or 
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posted somewhere, for a few weeks could help to alleviate anxiety associated with this 

concern.  

If clickers are used for informal, small group discussions, there are a few potential 

issues of which teachers must be aware. The discussions could allow for dominant 

students to reign over the discussion, disallowing the quieter students from voicing an 

opinion. Reay et al. (2005) found that students complained about one group member 

dominating group discussions. Also, students spreading misconceptions within a small 

group could lead to decreased understanding of the content. Lastly, anxiety from 

intimidating class discussions could further alienate students who would rather listen than 

discuss a topic (Kay & LeSage, 2009). The small number of students in high school 

classrooms would easily allow teachers to move throughout the classroom listening to 

student discussions. Teachers could address misconceptions, and they could identify 

students who had good arguments to call on later during class discussion. Collegiate 

professors would find this type of feedback more difficult since their classes may be 

significantly larger.  

Finally, as with any new teaching method, some students may be resistant to 

change. They may see the actively engaged approach to learning as too hard or not real 

learning. Crouch & Mazur (2001) note that complaints “such as „When are we going to 

do some real physics?‟” (p. 974) may take place as students may not want to put in the 

effort that is required to actively participate in group discussions; these students may 

prefer the traditional modes of education (lecture) that they have already mastered 

through years of education (Fies, 2005). Some students may view this new way of 
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learning in a negative way because it is unfamiliar, involves some risk-taking, and is 

different from the way they have most often bee taught. In order to ensure that students 

stay on board with this new way of learning, Crouch and Mazur recommend constant 

encouragement from the teacher that this new way of teaching will turn out better for 

students in the end. Since there is much research on this topic, it may be beneficial to 

show students at the beginning of the course that this method has produced positive 

results in the past. Knowing that this method may increase their understanding and their 

grade could entice more students to accept the new method.  

C. Remarks on Education Research 

Research in education is filled with difficulties. Because it is quite difficult to 

hold two class periods filled with students identical in all ways except for the use of 

clickers, little of the research done on the use of clickers has had controls that meet the 

rigor of the double-blind, random assignment experiment that is often found in medical 

trials. Fies and Marshall (2006) report that many of the research studies are “largely 

either anecdotal or [focus] on comparing CRS [classroom response systems] and non-

CRS environments that are unequal in other aspects as well” (p. 101). With this is mind, 

it is difficult to draw conclusions from educational research that can be generalized to all 

students in all circumstances. Additionally, in college studies, increased attendance alone 

may lead to increased test performance, and this variable has seldom been accounted for 

in higher education settings (Shaffer & Collura, 2009). 

The teacher and the students might be stressed to be treated as subjects in 

educational research studies. Frequent classroom observations of teachers who are part of 
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any study can be stressful. This is especially true in the smaller, more intimate setting of 

the high school classroom perhaps due to the fact that observations are traditionally 

reserved for formal assessment of the teacher‟s performance by an administrator or 

supervisor as part of the yearly review. Students may also feel awkward at being 

monitored by outsiders. This could hinder their comfort level and learning experience. 

Even with these difficulties, research in the classroom must continue in order to continue 

improving education.  

Many researchers have put forth ideas for how to ease students into new 

technologies. Kay (2009) hesitates to give too many recommendations, but she does state 

that students need to be introduced to ARSs. The teacher should take time to explain how 

clickers are used and the benefits they provide. Also, she suggests using clickers only for 

formative assessment in order to eliminate anxiety. In addition to explaining why clickers 

are being used in your class, Caldwell (2007) suggests in his „Best Practice Tips‟ that 

teachers stay positive, understanding that the first year may require more time as 

questions must be carefully designed.  

In addition to the tips presented above, those interested in the implementation of 

ARSs in their classroom should be aware of the Concerns-Based Adoption Model 

(CBAM). This model categorizes how people cope with change into multiple stages. 

Humans start with awareness and informational – wanting to know more about it. Next, 

we want to know how it will affect us. Then after we start to manage the change, we start 

to see the consequences. In the last stages, we want to collaborate with others and finally 

refocus to make changes for something even better (nationalacademies.org). If teachers 
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are aware of how they and their students are dealing with this technological change, they 

are more likely to be successful.  
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 III. Methods 

Data were collected in three Pre-AP Chemistry classes in a large, urban high 

school over the course of two months (April and May of 2010). Rather than use the 

researcher‟s students who might feel pressure to participate in order to please their own 

teacher, a colleague‟s classes were selected to participate. The study teacher was in her 

second-year, teaching Pre-AP Chemistry for the second time, and taught the appropriate 

number of classes needed for the study (three). The teacher and researcher already knew 

each other well; they planned units together, taught using the same worksheets, and gave 

the same tests on a regular basis. 

There were 67 students enrolled in the three class periods with 22 students in two 

class periods and 23 students in the third. Students were enrolled in Pre-AP Chemistry, a 

faster-paced, higher-level course that these students choose to enroll in. The researcher 

came into the classroom and explained the basics of the study to the students. They were 

given an opportunity to ask questions during that time. Because all the students were 

minors, students were asked to give written assent and obtain written parental consent in 

order to participate in the study. Ninety-one percent of the students participated in the 

research study. The participants were 75% sophomore, 25% junior, 51% female, and 49% 

male. 

eInstruction
TM

‟s Classroom Performance System
TM

 was used for this study. This 

ARS contained a receiver which connected to the teacher‟s computer and 32 radio 

frequency remotes with alphanumeric capabilities. The software was obtained for free at 

the company‟s website. Slides were created in PowerPoint™ and were transferred into 
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the eInstruction™ program. Although using this ARS was new to the study teacher, the 

researcher had experience and assisted in technical support when necessary. When 

students were to use the clickers for the first time, they were instructed in their use. 

Table 1 offers a summery of the control and treatment groups. Each class period 

participated in the control group and both experimental groups. The control group had 

traditional lectures. The researcher observed the control lectures and noted that questions 

were verbally asked to the entire class, and a few students would respond by calling out 

answers or, occasionally, raising their hands and being called upon. The questions and 

clickers treatment group heard the same lecture but were given two to four of the same 

questions displayed using PowerPoint
TM

 and then were asked to answer using the 

clickers. The questions used can be found in Appendix A. Students used the clickers for 

one lecture during the 5 to 10 days of the unit. Care was taken when writing the questions 

to ensure that they were capable of being asked verbally for the control group. No 

guidelines were set as to whether discussion would be allowed or disallowed in any of the 

class periods though the researcher observed less discussion in the control group. This is 

probably because the additional time needed for students to input their answers into the 

clickers naturally lent itself to discussion. In order to determine if it was the displayed 

questions themselves or the clickers that were aiding in learning, a third group was added 

who were shown the same PowerPoint
TM

 questions but did not respond with clickers. 

These were asked to write down their responses on small pieces of paper which were 

collected at the end of the period. The treatments rotated between units so that all class 

periods took part in all three treatment groups over the course of two months.  
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TABLE 1: Question Differences Between Control and Treatment Groups. 

Differences between the control group, questions only group, and questions and clicker 

questions group as to how questions were posed and responded to. 

In addition to the written and clicker answers submitted, all students participated 

in a pre- and post- test on days that data were being collected. Pre-test/post-test questions 

can be found in Appendix B. Because of the variability in length of question-and-answer 

sessions or open-ended discussions that come with teaching any class, the lecture was 

often completed the following day. In these cases the post-test was taken at the end of the 

lecture on the second day to ensure that students had been presented with all the material 

needed to complete the post-test. Any pre-/post-tests of students who missed either day of 

a lecture during which the treatment was being administered were not included in the 

data. The assessments collected across all treatment groups were mixed together, 

deidentified and graded by the researcher using a rubric in order to eliminate bias in 

grading. After they were graded, they were resorted back into treatment groups and 

analyzed. Exam and quiz scores were collected for each of the units in which the 

treatments were used; some units had an exam while others had a summative quiz as the 

culminating assessment. Length and amount of content are the main differences between 

an exam and a summative quiz. It‟s important to note that these tests and quizzes assessed 

a significant amount of information taught outside the lectures that were part of the 

research. These exams and quizzes were not graded by the researcher. Instead, they were 

Treatment Posted 

Questions 

Number of students 

responding to questions 

Responded to 

Questions 

Control No 1-3 Verbally 

Questions Only Yes All Written 

Questions and 

Clickers 

Yes All Clickers 
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graded by the teacher of the class using a rubric that had been designed by the teacher 

and the researcher.  

Students were observed by either the researcher or the school‟s instructional 

coach on most days that the treatments were being administered. Data was collected on 

whether the students were “at task” or “off task”. An example of the observation tool is 

found in Appendix C. Every fifteen seconds the observer would watch a student for three 

seconds to determine if the student was at task or off task and would make a note (A or 

O) on a seating chart. This would continue during the duration of the lecture. Both 

observers made notes about the types of off task behaviors that were being observed. 

They included: playing with calculator, talking to other students about non-chemistry 

material, putting head down on desk, or any other apparent „zoning out‟ behaviors. The 

benefit was given to the students if the observer could not differentiate between at and off 

task behavior.  

Finally, at the conclusion of the school year, students were asked to volunteer to 

participate in a focus group. This was done in order to elicit qualitative data on the 

students‟ feelings and perceptions regarding the use of clickers. Based on observations, 

the researcher had prepared a list of topics to discuss with the focus group. These 

included: the use of clickers in the classroom, how students interacted with each other 

when questions were posed, student feelings regarding pre- and post-tests, cheating 

between class periods on exams and summative quizzes, and how the slips of paper were 

used. Regarding the cheating between class periods on exams, the researcher was 

interested in knowing how much and what types of communication took place between 
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early class periods and later class periods. Half of the focus group participants were from 

early class periods and the other half were from later class periods. Regarding the slips of 

paper, the researcher believed based on observations that students may have been 

changing their answers or waiting to write an answer until the correct answer was 

revealed.  

Four students submitted documentation of assent and parental consent and 

participated in the voluntary focus group, three males and one female. The discussion 

was videotaped so that it could be transcribed and analyzed. In addition to asking 

questions regarding each of the above mentioned topics, additional questions on other 

topics were asked based on feedback received during the focus group; these included: the 

use of competition in the classroom, the importance of anonymity, and having individuals 

silently answer questions versus having group discussions in order to come to an answer 

as a group. Immediately following the focus group, the researcher wrote a general list of 

key ideas that were expressed by the students based on memory. The videotape was 

transcribed and coded within hours of the focus group. The researcher then read over the 

transcribed notes to identify quotes that had led to the key ideas the researcher had 

written. Then, the transcription was read again for any additional key ideas.  
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 IV. Results 

 This study had three treatment groups – a control, a questions only group, and a 

questions and clickers group. Analysis of variance (ANOVA) was used to analyze pre- 

and post- test scores, exam scores, and at and off task observations. This statistical 

method was selected because of its power to identify differences when there are two or 

more treatment groups. An alpha level of 0.05 was selected. The F-ratio was calculated 

for each set of data in order to determine whether the null hypothesis could be accepted 

or rejected. Results of ANOVA are listed in Table 2. Figure 1 shows a comparison of all 

data that was taken during the experiment.  

TABLE 2: Statistical Analysis of Data. Analysis of variance was performed in order to 

determine if the null hypothesis would be accepted or rejected. The null hypothesis stated 

that there would be no difference between the control and treatment groups. The 

alternative hypothesis stated that there would be a difference between the three groups. 

The F-ratios that were calculated based on experimental data are presented along with the 

F-ratio that was the threshold for rejecting the hull hypothesis and accepting the 

alternative hypothesis.  

Data Experimental 

F-ratio 

F-ratio needed in order to 

reject null hypothesis 

(α=0.05) 

Results 

Change from Pre- 

to Post-Test 

1.89 3.06 Accept null 

hypothesis 

Post-Test Scores 0.99 3.06 Accept null 

hypothesis 

Exam/Quiz 

Scores 

0.30 3.06 Accept null 

hypothesis 

At Task 0.54 5.14 Accept null 

hypothesis 

 

The pre- and post-tests were analyzed in two separate ways. First, the final scores 

of the post-test were analyzed for each treatment group and compared. Then, the change 

in score from pre-test to post-test was analyzed for each treatment group and compared. 
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While there was no statistical difference between the changes in score from one treatment 

group to another, there was found to be an average increase of almost 34% ± 3% from the 

pre-test to the post-test for all treatment groups.  In other words, all treatment groups 

demonstrated an increase in learning as measured by the post-test. Also, the overall 

percent of time that observed students were determined to be at task during the lecture 

was quite high: 86.4% ±1.8%.  

FIGURE 1: Comparisons for Control and Treatment Groups. The unit assessments 

(which included both one exam and two summative quizzes), post-test scores, 

observations of students considered to be at task, and the change in scores from pre- to 

post-test were averaged together for all students in the control and both treatment groups. 

The standard error is expressed on the figure. There were no statistical differences 

between any of the control and treatments groups. 
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Based on the focus group participants, students enjoyed using the clickers, 

especially when compared to a traditional lecture or a lecture where questions were asked 

and students just had to write out answers on slips of paper. The graph was especially 

intriguing for students. It allowed each student to get immediate feedback on the answer 

choice he or she selected. Additionally, it also allowed for safe competition. Students 
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could see how they performed compared to the class, but a student‟s individual answer 

choice was anonymous so that students felt “no shame” (focus group interview, June 16, 

2010) when trying to answer the questions.  

Focus group participants indicated that interaction within a lecture is key to 

keeping them tuned in and learning. Because interaction with the teacher is important to 

students – they like to be asked questions – the use of the clickers allowed for an 

increased percentage of students to be asked a question. In fact, 100% have the ability to 

answer every question posed using an ARS. While this is also the case in a traditional 

lecture, students may blurt out an answer before all students have had time to consider a 

question. Or, the teacher may not use appropriate wait-time, calling on a student 

immediately following the question, shutting down the minds of students who were not 

called upon. There was also increased student-student interaction. Based on responses 

from focus group participants, students discussed their answer choices with each other 

but the way in which this discussion took place varied between groups. Some groups 

would individually select an answer choice and then try to explain to other group 

members why they were right; other groups would individually select an answer choice, 

share out within their group, and then select the answer of the group majority to input 

into the ARS. Hopefully, the discussion between the majority and minority would be 

helpful to all involved as there is a chance to ask questions and a chance to explain 

answers.  

Lastly, it is interesting to note that, although the pre- and post-tests were not 

directly related to the research objectives, the students in the focus group found them 
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especially helpful. Students felt that the title of the lecture usually posted on the board 

was insufficient. Taking the pre-test gave them a summery of what skills they were 

supposed to master by the end of the lecture.   

Quotes were selected that epitomized the focus group participants‟ feelings 

regarding key ideas. A summary of quotes from students participating in the focus group 

is presented in Table 3.  

TABLE 3: Student Quotes from Focus Group. The focus group consisted of three 

males and one female who were part of the research study and was held on June 16, 

2010. Gaps between quotes indicate that other comments have been removed and groups 

of quotes within a category are not necessarily in sequential order. Videotape of the focus 

group was transcribed and analyzed in an attempt to indentify from participant answers 

categories of comments. Quotes presented were selected by the researcher as evidence 

supporting the category.  

Categories 

of Students‟ 

Perceptions 

Actual Student Quotes 

On the use 

of clickers 

Student 4: They‟re fun to use. 

Student 1: I was excited [to use the clickers]. 

 

Student 1: I like the clicker best [compared to the control group and the 

question only group]. 

Students 4: Yea. I think because with the clicker you would get, like, 

instant feedback because it would be up on the screen. 

 

On 

competition 

and 

anonymity 

Student 2: Well, you know. It‟s like you‟re on a ladder. And you‟re 

hoping that you‟re a rung higher than your classmates so that you can 

succeed in life. 

 

Student 3: I liked them [clickers] better than when we wrote them on the 

papers because I felt like it was more anonymous. So you could just go 

at it and just, like, answer it without worrying about whether it was right 

or wrong…‟cause you only saw what the class said instead of what each 

individual person said. 

Student 2: No shame. 

Researcher: No shame? 

Student 1: I got all excited whenever I got it right, especially when I got 

it right and most other people got it wrong, which happened a couple 

times. And I was like Yes, I knew it! 



26 

On 
stimulating 

discussions 

Student 4: Yes, I mean there was some discussion. It was like, “I picked 
C. What did you pick?”  “Oh, I picked D.”  “Why?” 

Student 1: We didn‟t really do that. We didn‟t pick the same answer 

because we just were sure we were right…I mean we would talk, and 

then sometimes if someone convinced us, then yea. But most of the time 

we were like, “No, I think it‟s this.” And we‟re just stubborn, I guess. 

 

Student 2: Now that I think about it, the clicker is really good for, like, 

knowing the state of the class, and it‟s, like, actually graphed of how 

many people know what‟s going on. And I guess that‟s a really good 

tool for being able to make sure the whole class is keeping up. 

Student 4: But maybe if you had it silent during [the time when the 

questions were being posed], so, like, you wouldn‟t have 

people…because I‟m pretty sure, like, my table and some tables would 

discuss and then be like, “Ok, let‟s all of us put D.” But maybe if one 

person wouldn‟t understand it, but… 

Student 2: But still, if you‟re discussing it they‟re learning. 

Student 4: Right, but then they may not understand the concept, but they 

can just press D. 

 

Student 4: I think it could be good both ways because, like, a group 

discussion, like discussing the answers, that‟s also good… I guess for 

the students because they learn it, but then the teachers don‟t know who 

is struggling. 

 

On 

interaction 

during 

lectures 

Student 1: I don‟t like [lectures] where someone is talking at you the 

whole time. I like lectures with involvement…where they ask you 

questions or they have you read something or something like that. 

 

Student 2: Well, if you‟re not interacting, it‟s easy to fail „cause you‟re 

like [tilts head back and closes eyes] and tune out, then it‟s like, you 

won‟t learn any of it. But if you‟re really paying attention, then you can 

draw on the memories of…[another student interrupts] 

 

On Pre- and 

Post-Tests 

Student 2: I think that [seeing the pre-test questions] was a good, like, 

introduction to what you were doing. And it wasn‟t just, like, a title, it 

was, like, applications of… 

Students 4: It kind of outlines everything you‟re going to be able to 

know, like know how to do by the end of the class. 

Student 2: Yea, it‟s much more in depth. It‟s good. 

 

 

 



27 

V. Conclusions 

A. Results  

Audience response systems are becoming more common in high school 

classrooms; it is important to know how this technology will affect the teachers and the 

students who utilize them. This study supplies information taken in a setting studied less 

often – the high school classroom – to the growing amount of data being taken on the 

subject.  

As discussed below the effects measured in this study confirm results found in 

other studies with regards to test scores and student reactions to the use of clickers.  No 

significant increases in learning were found on students‟ pre- and post- test scores or on 

their exam scores. This lack of effect could be due to errors in the research design (see 

below), or it could be in agreement with previous research (Barnes, 2008; Stowell & 

Nelson, 2007; Fies, 2005) confirming that clickers do not improve students‟ test scores. It 

is notable that pre- and post-test scores did show that learning was taking place during the 

lecture with questions used as formative assessments throughout.  The average increase 

in score from pre- to post-test was almost 34% for all treatment groups.  

Most student attitudes about the clickers were positive. Table 3 (in the Section IV) 

provides direct quotes from students on their perceptions about the use of clickers 

obtained during a focus group session. Focus group participants stated that they 

benefitted from the feedback they received in graphical form after they submitted an 

answer using the ARS because it allowed them to compare themselves to their classmates 

and seek clarity either from the teacher or from their classmates if they did not 
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understand. The competition of comparing themselves to their classmates was appealing. 

The anonymity offered them a chance to participate without shame and to, as one focus 

group participant put it, “just go at it” (focus group interview, June 16, 2010). The pre-

tests allowed students a view at the beginning of class of what they were expected to 

know by the end of class, helping to guide their focus during the lecture.  

Focus group participants also enjoyed the fact that the lectures had more 

interaction. The posed questions from the teacher allowed for more teacher-student 

interaction and the discussions between students as they tried to answer questions 

allowed for more student-student interaction. Although students may enjoy the chance to 

talk during a lecture, this talking may also lead to increased learning. It‟s interesting to 

note that there was no statistical difference between the control or treatment periods in 

the percentage of students deemed at task during the lectures. So while focus group 

participants may have felt more engaged there was no evidence to support increased 

engagement in this study. Students discussing questions has had positive impacts on 

students in other research studies, and the use of clickers certainly fosters this type of 

classroom discourse. Reay et al. (2005) found that despite student displeasure with 

technological problems and at having assigned seats, “almost half of the students felt that 

discussing questions within their group was the most positive aspect of using voting 

machines” (Reay et al., p. 557). Using carefully designed questions to probe for student 

understanding during a lecture could elicit student misconceptions and allow students to 

think more deeply about content. It seems feasibly to perform a study in which one group 
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of students is allowed to discuss answers while another must answer only individually in 

order to see if this discussion really does lead to learning. 

Focus group participants did find a dilemma with group discussions – discussions 

were good because students could explain and defend their answer choices to the group 

(and get feedback) but some students may still answer without thinking for themselves 

and just go along with the group. Focus group participants seemed concerned that 

teachers could be misinformed about each individual student‟s understanding because of 

this issue, but Reay et al. (2005) found that only a small percentage of students would 

simply to defer to the group if they were unsure of the answer. Crouch and Mazur (2001) 

would argue that Peer Instruction, as described above, creates an environment where 

discussion rather than lecture is where learning takes place. The voting informs the 

teacher of how the students are progressing in their understanding and allows for teachers 

to jump in when necessary to clear up misconceptions and restate correct answers. 

Overall, the members of the focus group expressed a preference for using the clickers 

during the lectures compared to the traditional lecture and the treatment group where 

answers were placed on slips of paper.  

B. Errors 

It seems reasonable to assume that test subjects would need adequate amounts of 

exposure to a treatment for it to have an effect. The biggest potential source of error in 

this experiment was that students only used the clickers for approximately 1.5 days. The 

small exposure to the treatment may have prevented the treatment from having an effect 

on test scores. Additionally, this could have had a positive effect on student feelings with 
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regard to the use of the clickers because there was insufficient time for the novelty of the 

experience to subside.  

The questions that made up the pre- and post-tests [found in Appendix B] may 

have been too difficult. Almost 39% of the questions were answered completely 

incorrectly on the post-test (receiving zero of two points possible). This could be due to 

poor question design, poor lecture design, too little time to complete the post-test, or 

students forgetting the answer because the lecture took two days rather than the intended 

one. Another possibility might be that lecturing is not the best method for students to 

learn. Other options are readily available for teachers, for example: Peer Instruction 

(Crouch & Mazur, 2001) and Project-Based Learning may allow students more 

interaction with the content, either through discussion with peers or through the many 

stages required to complete a project, and thus provide more opportunities to actually 

learn. Thomas‟ (2000) literature review regarding Project-Based Learning indicates that it 

is quite effective; although an untraditional approach, it shows to have remarkable impact 

on the most traditional of assessments – high stakes tests. 

There was little correlation between the in-class questions and the test questions. 

Other studies have been able to directly compare questions, which could not be done in 

this case since tests tended to be problem-based rather than multiple-choice. Students‟ 

overall test grades were compared instead. But this grade includes an assessment of their 

overall knowledge on the subject rather than just content that was discussed during the 

treatment lectures. Also, focus group students confirmed that students who took the test 

earlier in the day did discuss the exams and quizzes with other class periods. Because all 



31 

three class periods have test scores in the control and both treatment groups, the potential 

for artificially higher scores in the later class periods shouldn‟t cause either the control or 

the treatment groups to be statistically different due to this error.  

The researcher chose not to evaluate the paper or clicker responses. This was done 

for multiple reasons. Focus group participants confirmed the researcher‟s hypothesis that 

students were cheating when using the slips of paper, changing their answer or waiting to 

mark it down until they knew the correct answer. This could also have been taking place 

within the clicker groups. Participants in the focus group discussed their answer choice 

selections with their tablemates – sometimes having all students put in the answer choice 

of the majority. This would skew the data because there would be no way to know 

whether students knew the answer or just put down the group‟s answer selection. 

Lastly, the students that partook in this experiment were all Pre-AP students. 

Students select the Pre-AP level course knowing it will be more challenging. These 

students may be inherently more motivated and competitive. The fact that students were 

found to be at task on average 85% of the lecture indicates a high level of internal 

motivation. The enjoyment of interaction and competition may not be observed in a 

regular level class. More research would need to be done in this area to confirm this 

hypothesis.  

C. Suggested Improvements 

The results of this study led to more questions. If test scores really are not being 

affected but students are feeling more engaged, how does engagement lead to learning? 

Or does engagement lead to learning? The researcher focused on questions and clickers, 
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but questions regarding how discussion functions as a part of learning continue to 

intrigue the researcher. Participants in the focus group even wrestled with the ideas of 

discussion and learning.  Fies and Marshall‟s (2006) literature review noted a lack of 

research in this area and that more research does need to take place in order to understand 

if and how discussion and clickers could work together for learning.  

A repeat of this experiment would necessitate adjustments. Students would need 

to use the clickers at least three times per week, a significant increase from the 

experiment performed. This would eliminate engagement due only to novelty. It is 

hypothesized that students might begin to modify the way they listen when questions and 

discussion were a constant component of lectures, and this could then potentially affect 

the way they perform on exams. This research was looking specifically at implementation 

of audience response systems in a lecture-based class and its effects on student learning. 

It has not escaped the researcher that techniques other than lecture may increase student 

learning more dramatically. It seems that education has become stagnant not because of 

the lack of new ideas but rather the constant barrage of „new‟ strategies that drown 

teachers, even those who are interested in change. The focus of this experiment is helping 

teachers to make a small but manageable change to their teaching practice that would 

allow for the beginnings of more engagement by the students. The researcher 

acknowledges that the next steps after the change into a more discussion-based classroom 

might include incorporation of more inquiry-based labs or the assignment of one project. 

Clicker questions and exams would be written together in advance. This would be 

done so that similar and dissimilar questions would be on the test and could be compared 
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to eliminate the chance that students were just remembering the questions they had 

already seen. Various question strategies have been reported. Beatty (2008) suggests that 

all questions have a content goal, a process goal, and a metacognitive goal. Reay et al. 

(2005) used a three-question approach where students answer (1) an easier confidence 

builder, (2) a more difficult question designed to show that students may not understand 

the more complex nature of the concept, and (3) another difficult question to identify 

those who really have an understanding of the concept. Fortunately, there are an 

increasing number of question banks available for a variety of subjects. 

Daily activities would also be adjusted. The pre- and post-test would be modified. 

The unpredictability of a class lecture makes it difficult to create a paper assessment that 

will accurately assess the learning that took place that day. Instead, the researcher 

suggests that pre-test-like questions be placed on the board at the beginning of the class. 

Students could then answer these questions at the end of class as their exit ticket. The 

time it takes to implement both a pre- and a post-test is greater than the data learned from 

the assessments – it seems plausible that the students would be able to answer three 

questions they viewed at the beginning of class after a successful lecture regardless of 

questions asked or clickers used. The use of well-developed and vetted questions would 

be preferential so that ease or difficulty of questions does not become a factor.  

A significant adjustment would be made to the question only group. The 

researcher has had considerable difficulties is designing a way to successfully obtain data 

for this group. Paper slips allowed for cheating; many other options brainstormed by the 

researcher are also incapable of data in an honest, anonymous, and efficient way. The 



34 

researcher believes that it may be better to eliminate this group and alter the research 

objectives to focus instead on how the discussion generated by probing questions would 

affect learning. One group could use individual clickers and be prohibited from 

discussion while another could have a group discussion and one clicker to put in their 

answer.  

With all these questions in mind, the researcher cautions educators in secondary 

schools to tread slowly when considering implementation of ARSs. Within the first few 

years with the clickers, the researcher has noticed significant hesitation from colleagues 

who are unwilling to put in the time needed to begin using the clickers. Fies and Marshall 

note a similar finding: “At the same time, instructors report that overhead needs 

connected to individual use are cumbersome and may lead to abandonment of the 

technology” (p. 106). It seems that unless there is significant teacher interest, training, 

and support, it may not be worth the investment.  
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VI. Application to Practice 

This research study was incredibly difficult to complete. After the long processes 

of approval and data collection, writing and data analysis have given me the opportunity 

to do something my job affords me too little of – time to reflect. 

Sometimes the comfort provided by my old-fashioned style of teaching holds me 

back from trying new teaching techniques. Though I‟ve tried to add some more inquiry-

based learning, lecture remains a staple in my classroom. Exploring the use of 

technologies to encourage students to discuss and learn from each other has been very 

rewarding. In the process of this experiment, I have felt more comfortable trying other 

new educational trends, as well, such as alternative assessments. I asked groups of two 

students to write three main ideas from an introduction to equilibrium lecture. I collected 

the note cards and was surprised by the answers. Most had what I would have classified 

as minor details from my lecture, such as the fact that the equilibrium constant K has no 

units. Of course, I found a few students who had done a good job, and I had a discussion 

the next day with the students about the key ideas and we brainstormed how students 

should know that a concept is a key idea. Additionally, I changed my desk arrangement 

into groups of four instead of the more traditional rows of desks I had previously. It has 

allowed for discussion and group work to be a much bigger part of my teaching. My 

students were hesitant at first. I would ask a question and direct them to speak with their 

groups about the answer. The pause between my question and the beginning of their 

discussion did begin to decrease as they adapted to this new way of answering questions, 

but it did take time. And since I did not begin using the groups until midway through the 
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spring, they had less time to adapt. Next year, I plan to utilize groups during the entire 

year and hope to foster true group work rather than individuals working near other 

individuals. 

The focus group was intriguing. They liked comparing themselves to each other, 

which shouldn‟t surprise me since they are Pre-AP students who tend to compete for the 

top spots in the graduating class. It seems like most of them are willing to put forth effort 

in order to see how their answer compares to others in the class. Utilizing the graph of 

class responses to encourage discussions seems like a worthy use of the clickers in the 

classroom. In general, I want to build more time in for discussion between students both 

with and without clickers.  Along with this discussion time, probing questions need to be 

prepared in advance. As I enter my fourth year of teacher, the content is becoming easier 

for me, so I should be able to spend time preparing these types of questions.  

Finally, I think I need to communicate better with my students about techniques 

I‟m trying with them. If they understood how the tool was supposed to help them learn, I 

think they would be more encouraged to try.  With this in mind, I do plan on continuing 

with the use of the clickers in my classroom. I find that my students always enjoy the 

class a bit more if technology is involved because technology is, after all, a major part of 

their lifestyle.  
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APPENDIX A: Clicker Questions 

Day One 

1. What is happening during the sloped section? 

I. heat is being transferred to the environment 

II. molecules are moving slower 

III. molecular forces are being formed  

A. I  

B. III 

C. I and II 

D. I and III 

E. I, II, and III 

 

2. What is happening during the flat section? 

I. heat is being transferred to the environment 

II. molecules are moving slower 

III. molecular forces are being formed 

A. I  

B. III 

C. I and II 

D. I and III 

E. I, II, and III 

 

3. On this graph, how many q‟s would be used to calculate the energy required to heat a 

substance from temperature 1 to temperature 2? 

 

Day Two 

1. Ionic compounds will dissociate into ions. Which of the following will break into three 

ions? 

A.) sodium hydroxide 

B.) calcium oxide 

C.) potassium chloride 

D.) lithium phosphate 
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E.) rubidium sulfide 
F.) I don‟t know 

 

2. Which of the following would also cause a decrease in the vapor pressure? 

A. Solute particles also reduce the number of solvent particles at the surface 

B. Solute particles force solvent particles to move faster 

C. I don‟t know 

 

3. If water boils at a lower temperature at higher elevations, why do food packages 

recommend increased cooking times? 

A.) It takes a longer time to reach the boiling point at higher elevations 

B.) The temperature is lower, so more time is needed to cook the food 

C.) It doesn‟t matter, it‟s just a recommendation 

D.) I don‟t know 

 

4. Which of the following would be the best salt for Austin to use on our roads in the 

winter? 

A.) sodium hydroxide 

B.) calcium chloride 

C.) potassium chloride 

D.) lithium phosphate 

E.) rubidium sulfide 

F.) I don‟t know 

 

Day Three 

1. What would happen to a cation that underwent oxidation? 

A. it would become a solid because its charge would be neutral 

B. It would become an anion 

C. It would remain a cation with a higher positive charge 

 

2. Identify the oxidizing agent for the following redox reaction: 3Cu+ + Cr  3Cu + Cr3+ 

A. Copper(I) 

B. Chromium 

C. Copper 

D. Chromium(III) 

 

3. If dichromate acted as an oxidizing agent (which it does), what would happen to the 

oxidation state of chromium? 

A. increase                 

B. decrease         

C. stay the same 
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APPENDIX B: Pre- and Post-tests 

Day One 

Question First Attempt Second Attempt 

Why is energy 

being released 

during a phase 

change? 

 

 

 

 

 

 

 

 

 

 

What is the name 

for  the 

following phase 

changes: 

 

Liquid to gas 

 

 

and 

 

 

Solid to liquid 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Calculate the 

energy required 

to freeze 2 grams 

of ice at 0.06°C. 

The enthalpy of 

fusion is 6.01 

kJ/mol. 
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Day Two 

Question First Attempt Second Attempt 

Colligative 

properties 

depend only on 

the ______ of 

the solute. 

 

 

 

 

 

 

 

 

 

 

As the 

concentration of 

the solute was 

increased, the 

vapor pressure 

would (circle 

one): 

 

 

Increase 

 

Decrease 

 

Stay the same 

 

I don‟t know 

 

 

 

 

Increase 

 

Decrease 

 

Stay the same 

 

I don‟t know 

 

Explain why 

roads are „salted‟ 

during the winter 

season. 
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Day Three 

Question First Attempt Second Attempt 

What is 

reduction? Give 

an example. 

 

 

 

 

 

 

 

 

 

 

What is the 

purpose of 

oxidation 

numbers? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Identify the 

oxidation states 

for Carbon and 

Oxygen in the 

oxalate ion, 

C2O4
2-

. 
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APPENDIX C: At/Off Task Observation Tool 
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