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Abstract 

Introductory phys ics classes attempt to guide students whi le they develop the 

mental structures and schema necessary to consistentl y app ly the Newtonian concept of 

force to various situations. Science education research has supported the effectiveness 

of teaching methods, like Peer Instruction, that require the students to be active 

participants . Thi s study compared the effectiveness of Peer Instruction when two 

different types of di scussions, peer-led and teacher-led, were used to discuss concept 

questions in a high school physics class. The study addressed three research questions: 

(a) does Peer Instruction with peer-led discussions have a positive significant effect on 

learning (b) does Peer Instruction with teacher-led discussions have a positive 

significant effect on learning ( c) is there a significant difference in learning gains 

between peer-led and teacher-led discussions. Normalized gain scores between the 

Force Concept Inventory (FCI) pretest and posttest and the normalized gain scores 

between concept questions and benchmark tests supported the hypotheses that there was 

a significant increase between pretest and posttest scores for both groups, but the 

repeated measures test found no significant difference between the two treatment 

groups. An important limitation to the study was that there was no significant 

correlat ion between the pretest and posttest scores, which limited the abi lity of the study 

to support the hypotheses that the specific discussion fo rmat caused the change between 

pretest and posttest scores. Ways to improve the research des ign to increase the 

correlation between pretest and posttest scores for future research is discussed. 

X 



Chapter I-Introduction 

Research Problem 

Research about science education in the U.S. shows the need for reform s in 

ed ucati on. ln 2006 , the Program for International Student Assessment (PISA) reported 

that American 15 year-olds scored below the previous rank on the 2000 assessment in 

math and science (National Science Board, 20 I 0). The Organization for Economic 

Cooperation and Development (OECD) admini sters the PISA assessment every three 

years, and the U .S. science scores did increase from the 2006 scores. The U.S . scores 

had been lower than the OECD average, but the 2009 scores were not measurably 

different than the average. Twelve countries scored higher, twelve countries did not 

score measurably different, and nine countries scored lower than the U.S. on the 2009 

PISA science literacy section (National Center for Educational Statistics, 2011 ). In 

2009, only 60% of twelfth-graders performed at or above the basic level; only 21 % of 

twelfth-graders performed at or above the proficient level ; and only 1 % of twelfth 

graders performed at the advanced level on the National Assessment of Educational 

Progress (NAEP) test fo r science (National Center for Education Statistics. 20 11 ). The 

Science, Technology, Engineering, and Mathematics (STEM) Education Coalition is 

committed to keeping the U.S. the technology leader in the 2 1st century (STEM 

Education Coaliti on, 20 11 ). However, due to poor preparation in hi gh chool science 

c lasses and further exacerbation by the weed-out mentality of introductory science 

classes at universit ies, over 50% of students intending to pursue careers in the natural 

sc iences change the ir major (De Haan, 2005). 
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Poo r preparation in science at the hi gh schoo l level coul d be attribu ted to 

teaching methods based on class lectures. These methods have come under attack over 

the las t three decades (Iverson, Briggs, Ruiz-Primo, Talbot Ill, & Shepard , 2009). 

Students enter into science classes with non-Newtonian concepts about the world buil t 

from their prior experiences, which could include conceptions formed or strengthened 

during previous science classes (Duit & Treagust, 2003). The problem is that many 

students leave their introductory science classes with those same non-Newtonian 

concepts intact (Dilber, Karaman, & Duzgan, 2009). For this study, a Newtonian 

concept will refer to any idea consistent with the classical view of motion and forces. 

and a non-Newtonian concept will refer to any view that is not consistent with classical 

mechanics. Research (Brumby, 1984; Halloun & Hestenes, 1985; Mazur, 1997; 

McDermott, 1984; West & Pines, 1985) indicates that it is very difficult to replace long

held preconceptions that seem intuitive to the student. 

The discipline of science is a classic example of the variance between students ' 

conceptual understandings. The majority of students leave their introductory physics 

classes frustrated and confused because they have a hodge-podge of two systems - their 

own, which is ripe with non-Newtonian concepts, and the one presented to them 

throughout the course - stitched together to explain the world (Mazur, 1997). During 

physics class, students learn to analyze a small collection of problems with a set of 

equations, and they view everything else through the lens of their prior non- Iev,rtonian 

concepts. While students learn accurate concepts, they seldom transfer those concepts 

into generali zed principles to truly understand phys ics in a way that overcomes their 

initi al non-Newtoni an concepts. 
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To add ress the probl em of non-Newtonian concepts, the process of learning 

must be reeva luated. According to Crouch and Mazur (2001) , phys ics education needs 

to move away from the conventional lecture format that has had littl e affect on student 

understanding of key concepts. In addition , Mazur ( 1997) worries that problems from 

the textbook used in class and for homework assignments emphasize computational 

rather than analytical problem solving skills. 

Need for Research 

Many science educators ask the central question, what is the purpose of science 

education? If a student memorizes a set list of facts about biology, chemistry, and 

physics, then is that student proficient at science? To some scholars (Marek & Caval lo. 

1997), the nature of science is more than just an understanding of a collection of facts; it 

is viewed as the process of attaining and organizing those facts into a consistent system 

(Maier & Marek, 2005). When regarded from this perspective, science education can be 

used as a tool in schools to help students develop higher order rational powers like 

analyzing, synthesizing, and evaluating (Marek & Cavallo, 1997). A student may never 

practically need to know how many protons are in oxygen, but the process of learning 

about the elements can provide opportunities for all students to be challenged to classify 

the e lements, deduce how many subatomic particles are present, and imagine what an 

atom looks like. Constructing specific science knowledge becomes part of the bigger 

process of helping students develop the ability to think, which is the central purpose of 

sc ience education (Ed ucational Policies Commi ssion, 196 1 ). 

Phys ics provides an exce llent opportun ity to guide students to develop thei r 

reasonin g abi liti es and co nstruct schema fo r new concepts a the move from concrete 

3 



to forma l thinkers. However, if physics education is go ing to be used to help students 

deve lop rational powers, teachers need to find effective ways to present the material that 

helps students work through their non-Newtoni an concepts. To thi s end , physics 

ed ucation researchers have found that learning strategies can be put through ri gorous 

experimental test ing to find which strategies are effective at reducing non- ewtonian 

concepts (as cited in McDermott, 1990). 

Peer Instruction (PI) is one effective method that has been found to reduce non

Newtonian concepts (Mazur, 1997). PI uses concept questions, immediate feedback. 

and peer-led discussions in conjunction to reduce non-Newtonian concepts. PI was 

developed to engage students in the learning process, while confronting students ' 

common non-Newtonian concepts. Physics classes where PI was implemented showed 

significant positive results compared to physics classes taught in the traditional fashion 

(Crouch & Mazur, 2001; Cummings & Roberts, 2008; Lasry, Mazur, & Watkins, 2008). 

However, Mazur has not isolated the effectiveness of peer-led discussions over other 

methods because peer-led discussion is just one component of PI. 

Other researchers have also studied the effects of PI. Martyn (2007) focused on 

comparing two different active learning methods: clickers versus class discussion. No 

stati stically significant difference between the two approaches was found in the study. 

Kalman , Miner-Bolotin , and Antimirova (20 l 0) found that collaborative group projects 

were more effective than Pl, but that collaborative group projects were also much more 

time intensive. Nicol and Boyle (2003) found that PI was perceived to be more effective 

than cl ass-wide di scuss ions by students in large university classes, but no quantitative 

data were co ll ected in the stud y. 



More research needs to be done to see whi ch methods utili zing PT are more 

effecti ve in diffe rent se ttings. It is important to co ll ect data to show how peer- led group 

di scuss ions compare to teacher-led class di scuss ions because cl ass time is important. 

Teachers who want to implement PI need to be able to justi fy its effecti veness in the 

classroom to the school di strict, other teachers, parents , and students. Additi onal 

research could provide more data, which could help to explain how teachers can ass ist 

students meaningfully learn the concepts, and to identify the most effective methods in 

facilitating conceptual change. 

Research Question 

PI goes beyond the use of clickers as tools for students to answer questions . Pl 

gauges the progress of the class, and in the appropriate places, requires students to 

reason through the conceptual questions in group settings. Researchers have 

documented the increase in students ' learning gains when using clickers in the 

classroom compared to a conventional lecture (Auras & Bix, 2007; Martyn, 2007; 

Wood, 2004; Yourstone, Kraye, & Albaum, 2008). The immediate feedback and higher 

participation from using clickers could be the main contributing factor leading to the 

higher learning gains of PI rather than the peer-led discussions . Mazur has not iso lated 

the effecti veness of peer-l ed discussions over other methods because peer-l ed 

di scuss ion is just one component of PI. 

The goa l of thi s study was to compare two different acti ve learning methods 

within PI, the traditi onal peer-led di scuss ion model and the untested teacher-led 

discuss ion. The independent va ri abl e fo r thi s resea rch study was the discussion type. 

peer-l ed and teacher-led. The dependent va ri ab le was the learning ga in bet\ ccn pret 'St 

5 



scores and posttcs t sco res on conceptual understandings of phys ics concepts. whil e 

gender, GP A, and the students current math class served as predictor vari abl es fo r the 

study. 

There were three main research questions that the study addressed. The first two 

questions asked if each of the two discussion types would create stati sti cally signi ficant 

learning gains as evidenced by higher scores on posttests than pretests. 

1. Did using peer- led discussions with concept questions create a stati sti cally 

significant learning gain between pretest and posttest scores? 

2. Did using teacher-led discussions with concept questions create a 

statistically significant learning gain between pretest and posttest scores? 

The final question of the study compared the effectiveness of the two discussion types. 

The purpose of the study was to determine if there was a statistically significant 

difference between the two methods in the classroom. 

3. Was there a measurable difference in learning gains on the FCI pretest and 

posttest scores between peer-led group discussions versus teacher-led class 

discussions? 

6 



Chapter I I-Literature Review 

Addressing Non-Newtonian Concepts in Physics 

Since the I 970's, researchers have studi ed preconceptions students hold when 

they enter sc ience classes (Duit, 2002) . These preconceptions about how the world 

works are not supported by science (Duit & Treagust, 2003). Dilber, Karaman, and 

Duzgan (2009) have documented that non-Newtonian concepts are common in every 

area of introductory physics classes. Furthermore, non-Newtonian concepts are a 

problem at the middle schoo l, high school, and university levels. Studies have shown 

that students hold misconceptions in mechanics (Clement, 1982; Eryilmaz, 2002; 

Minstrell , 1982; Towbridge & McDermott, 1980, 1981 ; Vionnet, 1979), electricity 

(Basar & Geban, 2008; Cohen, Eylon, & Ganiel, 1983 ; Dupin & Johsua, 1987; Fredette 

& Lochead, 1980; Heller & Finley, 1992; Idar & Ganiel , 1985; Maloney, O ' Kuma, & 

Hieggelke, 2001 ; Sencar & Eryilmaz, 2004), optics (Feher & Rice, 1992; Goldberg & 

McDermott, 1986, 1987), and thermodynamics (A thee, 1993 ; Bar & Travis, 1991 ; 

Ericson, 1979; Ma-Naim, Bar, & Zinn, 2002; Shayer & Wyllam, 1981 ). 

Even though students are ab le to learn methods for solving quantitative 

problems, physics courses taught through lecture are not effective at reducing non

Newtonian ideas abou t fundamental concepts (Hake, 1998; Halloun & Hestenes. 1985: 

McDermott, I 990) . Educators need to understand how students learn new concepts. In 

the l 960 ' s, Kuhn ( 1970) argued that students in sc ience did not progress by just 

learning more facts, but that students had what came to be known as paradigm shifts 

that changed how they viewed the information they were presented . The classical 

conceptual change ap proach proposed by Posner. Strike. Hewson. and Gert zog ( I 98_) 
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indicates that four condit ions must be present before conceptual change wil l take place 

within students. First, students need to be given experiences that revea l the inadequacy 

of their current ideas so that they feel the need for a new model. Second, the new 

concept must be able to clearly be applied to the new experience to help the students 

feel they have a better understanding of the world. Third, the new concept must be 

viewed to have a real potential to be used to reinterpret all of the other experiences that 

the old concept explained. Fourth, the new concept must also spur new questions for the 

student (as cited in Dilber, Karaman, & Duzgun, 2009). 

Educators are still trying to explain how conceptual change takes place in 

learners. Bybee and Sund (1990) relate Piaget's theory of the process: 

Intellectual development is an adaptation in response to a discrepancy 

between the existing cognitive structure and a cognitive referent in the 

environment. The discrepancy results in a disequilibrium, which 

produces a reconstruction that brings the system back to equilibrium. (p. 

195) 

In the 1980's, Piaget ' s mental functioning model began to be used to understand how 

students learned new concepts. The mental functioning model consists of assimilation. 

disequilibrium, accommodation, and organization. Assimilation is the process of an 

individual beginning to think about the information they are receiving with respect to 

their current mental structures. If the information does not fit within their current mental 

structures for understanding the world , then the individual moves into disequilibrium. 

When in a state of di sequilibration, the individual wil l choose one of severa l options. 

Students wi ll e ither make the inform ation fit the ir current mental structures or create n 
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new menta l structure to accommodate the new information , which is the third step of 

the mental fu nct ion ing model. (A nother option, a lthough undes ired , is when the 

individual becomes fru strated and then refra ins from learning the new information.) The 

final stage of the mental functioning model is the organization of the new mental 

structure with all of the other ex isting menta l structures (Marek, 2009). 

The key to developing new menta l structures is linked to recognizing that 

current mental structures cannot explain information from a new situation. According to 

Piaget 's mental functioning model , it is necessary for every student to experience 

disequilibrium in the learning process before equilibration can take place (Bybee & 

Sund, 1990). Physics researchers should therefore attempt to find developmentally 

appropriate strategies to provide experiences that create disequilibrium to challenge 

students' non-Newtonian concepts. 

Physics education research (Fagen, Crouch, & Mazur, 2002; Smith, Wood, 

Krauter, & Knight, 2011) has explored strategies for effectively reducing the number of 

non-Newtonian concepts for students in the classroom. The problem is that different 

students will be at different developmental levels. This means that within one 

classroom, students will understand the concept at different times, which is why 

constructivist strategies are so vital in the classroom. Constructivist approaches help the 

teacher and the student communicate more effectively (Powell & Cody. 2009). 

Teachers need to ask quest ions to gauge the students ' comprehension process and to 

help avoid the deve lopment of new non-Newtonian concepts ; however. no one but the 

student ca n construct knowledge through assimilation and accommoda ti on. ln the 

cons tructivist model, students are not pass ive lea rners (G ilbert_ Osborne. & Fensharn. 
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1982). Students a rc no longer seen as empty vessels into whi ch teachers pour 

knowledge . tudents co me into the c lass room with their own ideas abo ut how the world 

works; therefore, students need to be active participants in constructing their own 

knowledge (Johnson & Johnson, 1991 ). 

In the l 990 's, limitations in the cognitive constructivi st approach supported by 

Piaget ' s mental functioning model led to the inclusion of the social constructi vist 

approach supported by Vygotsky ' s learning model (Duit & Treagust, 2003 ). Thi s 

acceptance of multi-perspective epistemological frameworks was needed to adequately 

address the complex process of learning (Duit & Treagust, 2003) . Both learning models 

encourage inquiry methods because they are both based on the idea that students build 

concepts on existing knowledge that is relevant and meaningful to them. A major 

difference between the theories is that Piaget believed that thinking led to language, 

while Vygotsky believed that language led to thinking (Powell & Cody, 2009). 

Vygotsky ' s social constructivism model is driven by the idea that interactions 

drive knowledge construction. Teachers can provide scaffolding by anal yzing and 

reviewing the concept with the student. The zone of proximal development is the range 

in which a more capable individual can help guide a person who is learning a new 

concept to understand the ideas more quickly. It represents the gap between what a 

person can do independentl y and what a person is capable of doing with the appropriate 

ass istance from other peopl e. Indi vidual s still construct their own knowledge, but 

cooperati ve learning is very important to the theory because social interacti ons can help 

the indi vidual construct their understanding (Powell & Cody, 2009). 
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Peer Instruction 

Peer Instructi on (Pl ) appli es the research in ph ys ics educati on on conceptual 

change by laying out the practical steps needed to bring the research into the classroom. 

PI fits well with Bybee and Sund 's ( 1990) suggestions for implementing educati onal 

strategies based on Piaget 's mental functioning model. Eric Mazur developed PI in the 

early l 990 ' s after realizing that students in his physics classes at Harvard University 

could learn how to perform the mathematical calculations for the problems on his test 

without understanding the concepts behind the problems. He began to ask conceptual 

questions in class and on exams to encourage students to think about the problems 

rather than merely focusing on plugging numbers into an equation to get an answer 

(Mazur, 1997). 

The three components of Peer Instruction. 

The three major components of PI include (a) challenging concept questions, (b) 

immediate feedback , and (c) peer-led discussion groups. PI is built around conceptual 

questions that cause students with common non-Newtonian concepts to experience 

disequilibrium (Mazur, 1997). The use of clickers or flashcards encourages student 

participation and provides immediate feedback to students (Lasry, 2008). Student 

di scussions encourage students to explore the validity of different options and how they 

fit together. 

Concept questions. 

Many uni versity researchers have been attempting to make larger classes more 

interactive by askin g concept ques ti ons within their lectures (Bli gh. '.WOO : dwards. 

Sm ith , & Webb, 200 I; MacG regor, Cooper, mith , & Robinson, _000) . Mazur tarted 
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developing Pl when he tested hi s own students and fo und that they performed better on 

higher level quantitati ve ques ti ons than on lower level conceptual questions (Mazur. 

1997). He argues that tex tbook questions covered in class and on homework req uire 

more mathematical than analytical skill s. Nicol and Boyle (2003) fo und that the 

majority of students in a Pl study reported preferring to answer questions indi viduall y 

before the discussions. Concept questions require students to reason through probl ems, 

which helps them develop a deeper understanding of the system, which can then be 

generalized to broader applications than just memorizing the formula for one specific 

application. 

One key to asking concept questions in class is to include concept questions on 

the exams (Mazur, 1997). Students need to buy into the impo1iance of understanding 

the concepts and the context of the problem. If only quantitative problems are asked on 

the exams, then only problem solving skills need to be learned. Mazur sets the stage for 

the importance of concept questions in his classes by having a class discussion about the 

importance of understanding the concepts and by handing out past exams to show the 

level of understanding needed to answer the conceptual questions on the exam. 

Immediate feedback. 

Mazur uses clickers in PI to provide instant feedback to the instructor and to 

hold the students accountabl e for the information before the exams (Mazur, 1997). 

Las ry (2008) found that there was no significant difference bet,,veen using fl ashcards or 

c li ckers to engage students in fo rming a response and providing immediate feedback in 

PI. Prov iding a set of nashcards fo r each student a ll ows the instructor to qu ickl y sun -cy 

that students have made a choice by pi ckin g up a specifi c card and assess ,,·here th 
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class is at overa ll on the multipl e choice questi on, but c li ckers do instantl y provide more 

prec ise records of responses. Thi s study will use cli ckers to provide immediate 

feedback which is why clickers will be the focus of the remaind er of thi s section. 

Clickers are al so known as Audi ence Response Systems, Personal Response 

Systems, Electronic Voting Systems, Classroom Communication Systems, and 

Classroom Response Systems. The proliferation of clickers in the classroom is a recent 

phenomenon. Electronic student response systems began in the 1960' s, when Harvard 

University and Rice University hard wired response systems to desks in some lecture 

halls. Classtalk, funded by the National Science Foundation, was introduced in 1985 

and it revolutionized the market by using graphing calculators for communication 

platforms (Adams & Howard, 2009). By the 1990 ' s, other companies such as 

elnstruction and Educue introduced systems that were easier to learn and operate and 

less expensive. These clickers used hand-held remotes with infrared signals, which 

allowed the systems to be moved between classrooms. In the last few years, the new 

trend in universities has been to create web-based systems that only require the addition 

of software to a laptop rather than the purchase of a hand held remote (Adams & 

Howard, 2009). 

Technology can be an important tool in the classroom, and clickers represent 

one such technology that has been successfull y integrated by educators. Beatty (2004) 

gives the follo wing description of clickers: 

A classroom response sys tem is technology that allows students to 

present a questi on or prob lem to the class, a ll ows students to enter their 
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answers into some kind of device, and instan tl y aggregates and 

summar izes students' answers for the instructor. (p . 2) 

Clickers allow the teacher to in stantl y assess student comprehension of the concept, 

which then a llows the teacher to generate appropriately difficult follow-up questions. 

No one is claiming that putting a box of clickers into a room with students will cause 

learning to happen. However, many programs have been developed that effectively use 

clickers to generate immediate feedback and so licit more participation within the 

classroom (Auras & Bix, 2007; Martyn, 2007; Wood, 2004; Yourstone, Kraye, & 

Albaum, 2008). Yourstone, Kraye, and Albaum (2008) found that classes given 

immediate feedback through clickers in class quizzes had greater learning gains than 

classes that were given the same questions but did not receive the answers until the next 

class. 

Many studies on the use of clickers have also documented that students report 

liking to use them (Draper & Brown, 2004; Duncan, 2005; Hatch, Jensen, & Moore, 

2005; Latessa & Mouw, 2005; Wit, 2003 ; Zahorik, 1996). In addition, Keller et al. 

(2007) showed that students have a more positive attitude about using clickers if faculty 

encourage di scussion and are able to get a large part of the class involved in smal l group 

di scussions. It is also important to note when clickers should not be used. According to 

Adams and Howard (2009), c lickers should not be used to merely have students enter 

their attendance for the day or to ask hi gh-stakes conceptual questions. Using clickers 

for attendance makes students fee l they are not benefitting from them, and they re ent 

being forced to buy them. Asking hi gh-stake questions can discourage participation 

because it can cause students to be more concerned with gettin g the ri ght ans,ver than 
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exp loring the different opti ons (W ill oughby & Gustafson, 2009). With high stakes 

clicker ystems low achieving academ ic students just passively agree with the high 

achieving academic students who monopo li ze the discuss ion when their grade invol ves 

getting the correct answer from the discussion (W ill oughby & Gustafson, 2009). 

Peer-led discussions. 

Students must actively engage in the learning process to develop an 

understanding of the many interconnected concepts in the physics classroom. Student 

discussions have been shown to be an excellent tool to engage students (Hake, 1998; 

Halloun & Hestenes, 1985 ; McDermott, 1984). Schwartz and Bransford (1998) found 

that having students choose an answer to a concept question before discussing it helped 

students get more from the discussion that followed the question. These learning gains 

could be attributed to the idea that student discussions give everyone the opportunity to 

justify the reasons for their choice and provide alternative reasons . Singh (2005) found 

that students working in pairs showed greater learning gains together than individually. 

Arya! and Zollman (2007) also found significant improvement in the students' ability to 

complete tasks when they worked in groups rather than individually. The groups help 

students transfer the concepts they previously learned to new contexts within problems. 

N icol and Boyle (2003) reported that student responses to interview questions mirrored 

Vygotsky 's idea of scaffo lding from peers. Students in PI classes indicated that it was 

easier to understand concepts from other students who had just mastered the concept 

than from a teacher. 

Grading incenti ve is also an important part of peer discussions. Fagen. Crouch. 

and Mazur (2002) support g iving a participation grade for concept ques ti ons to 
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encourage full participati on in the di scuss ions. l lowever, hi gh-stakes gradi ng is 

di scouraged . Willoughby and Gustafson (2009) fo und that hi gh-stakes grading 

discouraged group discussions because the stronger academic students became more 

dominant in the discussion, which allowed the lower achieving students to passively 

vote with the group. James (2006) al so found that high-stakes grading in PI classes with 

clickers led to more one sided conversations as higher achieving students took over the 

discussion. 

PI has become a widely used learning strategy. According to Fagen, Crouch, and 

Mazur (2002), PI has been implemented in hundreds of universities, 4-year colleges, 2-

year colleges, community colleges, and high schools. In a survey of 384 teachers trying 

PI, more than 90% of respondents said they planned to continue using PI within their 

classroom (Fagen, Crouch, & Mazur, 2002). 

Review of Peer Instruction. 

Studies have shown statistically significant learning gains from using PI versus a 

traditional lecture in multiple settings. Crouch and Mazur (2001) reported the increase 

in student understanding of class material based on improvements on the Force Concept 

Inventory (FCI) , the Mechanics Baseline Test, examination problems, and concept tests 

over a ten-year period of using PI at Harvard . Lasry, Mazur, and Watkins (2008) 

reported an increase in learning gains on FCI scores in their study at a two-year college 

similar to what Mazur reported at Harvard . The study also reported that the PI sections 

had fewer students drop the course than other sections taught with traditional method . 

Cummings and Roberts (2008) co mpared lea rnin g ga ins of hi gh school phys ic student 
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in Pl c lasses to those ga ins in traditi onal c lasses. Pl lead to a 40% normalized gain in 

conceptual understanding whil e the co nt ro l gro up onl y showed a 24% normalized gai n. 

Nicol and Boyle (2003) found that students preferred PI over class-wi de 

discussions in a large university setting based on student interviews and responses to 

surveys. Smith, Wood, Krauter, and Knight (2011) found that concept questions with 

peer-led discussion and a teacher explanation outperformed either peer-led di scussion or 

teacher explanation alone in large university genetics classes. Kalman, Miner-Bolotin , 

and Antimirova (2010) did find that collaborative group projects were more effective 

than PI, but the study still recommended the use of PI when transferring away from a 

lecture style class. The study also reported that the collaborative group project took 

significantly more class time, which meant that it was only used to teach two topics 

during the semester. The rest of the topics were still covered with PI. PI provides a good 

opportunity to expand newly learned concepts from the lab into more applications with 

less class time. 

Hypotheses 

The hypothesis for the first two research questions was that both peer-led and 

teacher-led discussions during PI would cause a statistically significant learning gain 

because both treatments were being tested against physics students ' prior knowledge. 

which has been shown to contain non-Newtonian concepts (Halloun & Hestenes. 1985). 

So, an effecti ve treatment should have produced a stati stically significant learning gain. 

The a lternati ve hypothes is was that one or both of the treatments did not show a 

stat isti call y s ignifi cant learning ga in , w hi ch would be supported by the idea that it is 
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difficult to overcome preconceptions (Brumby, 1984; Mazur, 1997; McDermott. 1984: 

West & Pines, 1985). 

The hypothes is for the third research question (a comparison of peer-led and 

teacher-led discussions) fo r thi s study was that students who are part of the peer-led 

discussion approach would show greater learning gains than the teacher-led class 

discussion group as evidenced by more improvement on the pretest and posttest scores. 

According to constructivism, concepts are constructed by the learner, which results in a 

deeper level of understanding. Given the right experiences that cause disequilibrium, 

the students should be able to accommodate new mental structures for developmentally 

appropriate material (Bybee & Sund, 1990). 

One alternative hypothesis of the third research question was that students who 

were part of the teacher-led class discussions would show greater learning gains than 

the student-led discussions as evidenced by more improvement on the pretest and 

posttest scores. This result could also be supported by constructivism. Vygotsky's social 

constructivism model is driven by the idea that interactions drive knowledge 

construction (Powell & Cody, 2009). Another alternative hypothesis of the third 

research question was that there will be no statistically significant di fference measured 

between the peer-led and teacher-led discussions. This outcome could show that both 

strategies were equall y effective in improving the learning gains of the students. A wide 

range of strategies can be effective in helping students. Marzano (2009) stated, "The 

entire constell ation of strategies is necessary fo r a complete view of ef~ ctive teaching" 

(p. 31 ). However, the lack of a statistica ll y significant difference could also be caused 
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by limitations in the study itself, li ke the limited research time to influence student 

understanding. 
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Chapter II I-Methods 

This quasi-experimental study examined the learning ga ins of high school 

phys ics students comparing their invo lvement in di ffe ring di scussion approaches within 

Peer Instruction during the Fall 20 11 schoo l semester. For thi s study, these varying 

approaches included peer-led di scuss ions and teacher-led discuss ions. For the full 

research timeline of activities involved in the study refer to Appendix A. 

The sample for this study was students enrolled in high school physics in a 

large, suburban high school in the South Central region of the U.S. The total enrollment 

in grades nine tlu·ough twelve at this school was approximately 2,100 students with an 

average teacher to student ratio of I: 18 . Fifty-one percent of the students in this school 

were male while 49% were female. The student population was 79% White, 7% 

American Indian, 6% Hispanic, 5% Black, and 3% Asian. Twenty-six percent of the 

total school population was eligible for free or reduced lunch. The daily class schedule 

for the school was divided into seven, 55-minute periods with tlu·ee morning classes 

before lunch and three afternoon classes after lunch. 

Recruitment Methods 

All students who were recruited for this research were enrolled in one of fom 

physics classes taught by the principal investigato r during the 20 11-20 12 school year. 

Two classes were taught in the morning before lunch while the other two classes were 

taught in the afternoon after lunch . Students in the two morning classes wer defined as 

Group 1 and participated in peer-led discussions; students in the afternoon classes v•/ere 

defi ned as Group 2 and parti cipated in teacher- led discuss ions (these distinct discussion 

mode ls will be discus cd later). Peer-l ed discussions (Group 1) were purposefully 
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se lected to take pl ace in the morning classes to he lp the principal in vestigato r/c lassroom 

teacher determine how much time wo uld be devo ted to each concept question and to 

identify what problems the students were hav ing with the questions to improve the 

teacher-led discussions in the afternoon classes (Group 2) . Thi s strategy ensured that 

Group 1 and Group 2 had equal amounts of time for the concept questions. On days 

when peer-led and teacher- led discussions did not take place, all cl asses in both groups 

covered the same curriculum in the same manner. All students were given equal time 

and the same presentation of all labs, readings, worksheets with problems, and other 

discussions. 

Ninety-four students grades ten tlu·ough twelve were recruited in the study. 

Fifty-five students were recruited for Group 1 and 39 students were recruited for Group 

2. Parental consent and student assent forms (see Appendix B) were sent home with the 

students on the first day of the Fall 2011 school semester. The study was introduced to 

the students by a neutral party, who handed out and collected the parental consent forms 

and the student assent forms while the principal investigator was not in the room. The 

forms clearly stated that participation was voluntary and students ( or parents) who did 

not agree to participate would experience the exact same curriculum and testing. The 

consent and assent forms only gave the researcher permission to use the data that were 

co llected fo r the study along with information about the parti cipants ' gender. GPA. and 

mathemati cs courses taken in school. 

The principal investi gator, as the classroom teacher, had access to all of the 

student in formation previously li sted. For the purpose of th study. only the students· 

gender, GPA, mathematics courses taken, and da ta co llected from the study ,,vere 
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analyzed. All of the student names were removed from the data once the pretest and 

posttest data were paired together for each student. During the data collection process, 

the data were stored in the district 's electronic grade book, which was password 

protected and on a thumb drive that was kept in a locked file cabinet. To address 

researcher bias, the principal investigator did not have access to the list of students who 

were participating in the study until after all of the data had been collected at the end of 

the study. 

Seventy-one students provided parental consent/student assent and participated 

in the research study. There were 43 participants in Group 1 and 28 participants in 

Group 2. Table 1 below summarizes the participant demographics. Fifty-eight percent 

of the participants in Group 1 were male, and 42% were female. Fifty-seven percent of 

the participants in Group 2 were male, and 43% were female. For GPA students were 

classified into five categories. Category 1 GPA ranged from 4.0-3 .75 , Category 2 

ranged from 3.74-3.5, Category 3 ranged from 3.49-3.25 , Category 4 ranged from 3.24-

3.0, and Category 5 GPA was less than 3.0. The GPA classification was chosen because 

the majority of the physics students had high GP As. Sixty-five percent of Group 1 was 

in the highest GPA category, while only 7% of Group 1 had GP As below 3.0. Forty-six 

percent of Group 2 was in the highest GPA category, while only 18% of Group 2 had 

GPAs below 3.0. The Current Math Class represented the current math class of the 

student rather than the total number of math classes taken. Students placed in Category 

1 were currently in Algebra II , Category 2 students were currently in Math Analysis, 

Category 3 students were currently in Ca lculus, and Category 4 students had air ady 

completed Calcu lus. Forty-two percent of participants in Group I had not taken 
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Calculus, while 58% of the participants in Group 1 were at least currently enro ll ed in 

Calculus. Forty-six percent of participants in Group 2 had not taken Calcu lus, while 

54% of the participants in Group 2 were at least currently enrolled in Calculus. 

Table 1 

Participant Demographics 

Gender GPA Current Math Class 

Group n Male Female 2 3 4 5 2 3 4 

1 43 25 18 28 4 5 3 3 2 16 19 6 

2 28 16 12 13 
,., 

4 
,., 

5 2 11 13 2 .) .) 

Total 71 41 30 41 7 9 6 8 4 27 32 8 

Note. GPA- 1 = 4.0-3.75, 2 = 3.74-3.5 , 3 = 3.49-3.25 , 4 = 3.24-3.0, 5 = < 3.0, 

Current Math Class - 1 = Algebra II, 2 = Math Analysis, 3 = Calculus, 4 = Beyond 

Calculus 

Instruments Used 

This study used the Force Concept Inventory (FCI) (Hestenes, Wells, & 

Swackhamer, 1992) and physics concept questions and benclmiark tests from the Peer 

Instruction (PI) model (Mazur, 1997) to measure students' learning gains tlu·oughout the 

duration of the study. Deeper understanding of the physics concepts was indicated by 

hi gher scores on the FCI, concept questions, and benchmark tests. An informal journal 

was also kept by the principal investigator to take notes on the questions covered. 

duration of each questi on, and any o ther app li cable info rmati on durin g the da s ,;vhen 
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data were co llected in the classroom. Th is information was used to provide general 

observations for the discussion secti on of the thes is. 

Force Concept Inventory (FCI). 

The Force Concept Inventory (FCI) (Hestenes, Wells, & Swackhamer, 1992) is 

available as a .pdf file and may be accessed online by requesting a password (Koch, 

2009). Due to accessibility restrictions, the authors of the FCI prefer that the instrument 

remains secure; therefore, the FCI is not provided in this document. The FCI consists of 

30 multiple choice questions, and each question presents students with an option 

consistent with the Newtonian understanding of the concept and four alternative options 

that are consistent with common misconceptions that are based on commonsense 

explanations of experiences. The FCI was designed to measure conceptual , not 

computational, understandings of Newtonian mechanics. 

Hestenes and Halloun (1995) stated that scoring below 60% on the FCI 

represents three flaws in students ' understanding: (a) the individual does not make a 

clear distinction between variables, like velocity and acceleration; (b) the individual 

does not realize that changes in the motion of an object are only caused by forces ; and 

( c) the individual does not have a consistent system of understanding motion and forces. 

Scoring between 60% and 85% represents the beginnings of a consistent system of 

understanding the concept of force, and scoring above 85% represents a completely 

consistent system agreeing with the Newtonian concept of fo rce. Hestenes. Wells . and 

Swackhamer (1995) summarized the concepts covered by each of the items on the FCI 

(see Table 2). 
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Table 2 

Newtonian Concepts on the Force Concept inventory 

0. Kinematics 
Yelocity discriminated from position 
Acceleration di ~criminatecl from 

,:elocity 
Constant acceleration emails 

parabolic orbit 
changing speed 

Vector addition of velocities 
I. First Law 

·with no force 
,:elocity direction constant 
speed constam 

\Yith cancelling forces 
2. Secoud Law 

Impulsive force 
Constant force implies 

constant acceleration 
3. Third Law 

for impulsive forces 
for continuous forces 

4. Superposition Principle 
Vector sum 
Cancelling forces 

5. Kinds or Force 
5S. Solid contact 

passi,:e 
Impu1si,:e 
Friction opposes motion 

5F. Fluid contact 
Air resistance 
buoyant (air pressure) 

5G. Gravitation 

acceleration independent of ,,-eight 
parabolic trajectory 

lllHlllOl'Y Item 

20E 

21D 

23D. 24E 
2:-B 
(7E) 

4B. (6B) . l OB 
26B 
SA . .27 A 
18B.2SC 

(6B . 7E) 

24E. 25B 

2E. 11E 
BA. 14A 

19B 
(9D) . 18B. 28C 

(9D) . (12 B.D) 
15C 
29C 

22D 
12D 
5D. 9D. (12B.D ). 
1 7C. ISB. 22D 
lC. 3A 
16B. 23 D 

Note. The image of the li st of concepts included on the Force Concept Inventory is 

from http ://modeling.asu.edu/r%26e/fci .pdf. 
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Over half of the questions on the FCI were originall y included in the Mechani cs 

Diagnostic Test (MDT) ( Halloun & Hestenes, 1985). Halloun and Hestenes showed 

that the MDT had a Kuder-Richardson reliability coefficient of 0.86 for pre-test scores 

and 0.89 for post-test scores showing the high reliability of the test. The reliability and 

test validity of the FCI has not yet been determined (Savinainen & Scott, 2002) . 

Even though formal tests of reliability and validity have not been conducted for 

the FCI, Hestenes, Halloun, Heller, and Huffman reported that the FCI is an effective 

test to assess learning strategies and to evaluate a class' understanding (as cited in Saul, 

1998). Hake (1998) reported the consistency between FCI and MDT pre-test and post

test scores for over 6,000 high school and university students from over sixty different 

introductory physics classes. It was determined that similar classes will produce similar 

pre-test and post-test scores on the FCI (Saul , 1998). 

The controversy over the FCI initiated by Huffman and Heller (1995) 

questioned what the FCI actually measured. Analyzing FCI responses from 750 

university and 145 high school students, the researchers found no correlation between 

scores from questions over the same concept. Huffman and Heller further questioned 

whether the concept of "Force" within the FCI could be broken down into the six 

constituent concepts. They proposed that the test measured isolated ideas. which then 

did not evaluate the students overall understanding of the concept. Halloun and 

Hestenes (1995) responded that the six concepts of force on the FCl were meant to be a 

standard to evaluate student understanding of the concept of force. They emphasi zed 

the need to look at the results from the entire test to evaluate student understanding of 

Newtonian concepts. The six concepts of force on the FCl were not meant to represent 
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how students built knowledge about the concept of fo rce, but merely to evaluate the 

students ' understanding of diffe rent aspects of the concept to help identify different 

non-Newtonian concepts held by the class. Hestenes, Well s, and Swackhamer (I 995) 

summarized the connection between common mi sconceptions as revealed by the six 

force-related concepts and questions on the FCI (see Table 3). Presence of the 

misconceptions was suggested by selection of the corresponding FCI item. 
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Table 3 

A Taxonomy ofMisconceptions by the Force Concept in ventory 

0. Kiuem;itics 
Kl. position-nlocity undiscnminated 
K __ Yelociry-acce leration undi5crim.inated 
K 3. nonnc.rorial velocity composition 

1. Impetus 
Il. impems supplied by "hit" 
12. lo'iS/recovery of original i.mpeh1s 
B . impetus cfasipation 
I4 . gradua l/delayed impetus build-up 
IS. c ircular impetus 

2 . ..\ctin Force 
AF!. only active agents ex-en force5 
AF2. motion implies actiYe force 
.A.F3 . no motion implies no force 
AF4 . velocity proponional to applied force 
AF5 . accdei-ation implies increasing force 
AF6. force caur,es acceleration to temiinal velocity 
.A.£7. active force wears out 

3 . ..\ctiou.lReactiou Pairs 
AR.1. greater mass implies greater force 
AR2. most active agent produces greates t force 

4. Concatenation of Influeuc.e.s 
CI I .largest force determines motion 
CI2. force. comproniise determines motion 
CB. last force to act determines motion 

5. Other Influences on l\fotion 
CF. Centrifugal force 
Ob. Obstades exert no force. 
Resistance 

Rl . mass makes things stop 
R2. motion when force overcomes resistance 
R3 . resistance opposes fore impetus 

G 1. air pressure-assisted gravity 
G 2. gravity intrinsic to mass 
G3. heavier object'> fall fa ster 
G4. gra,·ity increases as object» fall 
G5. graYity acts after impetus wear5 down 

208.CD 
20A 21B.C 
7C 

9B.C 2:2.B.C.E : 29D 
-ID : 6C.E : 2-IA; 26A.D.E 
5A.8.C; SC: 16C.D: 23E: 27C.E: 29B 
6D: SB .D: 24D: 29E 
-IA.D JOA 

11B: 12B 13 D 14D: ISAB : !SD: 22A 
29A 
12E 
25A: 2SA 
17B 
17A: 25D 
25CE 

2A.D: 1 lD: 13B: 1-4B 
13C: 11D: 14C 

!SAE: 19A 
4C. lOD; 16A; 19C.D 23C AC 
6A; 7B : 24B : 26C 

4C,D .E: lOCD.E 
2C; 9A.B: 12A: 13E: 14E 

19AS: 23A$: 
28B .D 
28E 

9A: 12C: 17E: 18E 
SE; 9E: 17D 
IA: 3B .D 
SB: 17B 
SB: 16D : 23 E 

Note. The image of the taxonomy of misconceptions probed by the Force Concept 

Inventory is from http: //modeling.asu.edu/r%26e/fci .pdf. 

Concept questions and benchmark tests. 

The concept questions and the benchmark test items for thi s study v,,ere both 

taken from Peer instruction: A User 's Manual (Mazur, l 997). A full li st of the 

questi ons and ex pl anati ons can be found in the book. Each set o f concept quc ' tion 

28 



covered one of the fo llowing physics concepts : one-dimensiona l motion. free fall , 

horizontal projecti le motion, projecti le motion with an angle, Newton 's Laws in One

Dimension (1-D), and Newton 's Laws in Two-Dimensions (2 -D). The concept 

questions served as a measure to gauge student progress and to help improve student 

understanding. No formal tests were done on the reliability and va lidity of the 

questions, but the questions were used in multiple stud ies (Crouch & Mazur, 200 1; 

Cummings & Roberts, 2008; Fagen, Crouch, & Mazur, 2002 ; Lasry, Mazur, & Watkins, 

2008). 

Peer Instruction Intervention Rationale 

Mazur (1997) designed PI to be included in every lecture in a university-l evel 

physics class. He required his students to read the materials before class , answer 

questions online about the reading, and complete homework problems for subsequent 

discussions. PI was modified for this study with regular high school physics classes, 

which had smaller class sizes, more instructional time, more concrete learners , and 

different learning objectives. Students meet in high school classes five times a week for 

an entire year rather than just three lectures and a discussion class per week for a 

semester in a typical university class. The high school schedule allows more of the 

material to be covered multiple times in class with different strategies to help more 

concrete learners. For this study, the pre-class reading and online questions as typified 

by Mazur at the university level were replaced with inquiry-based labs . discussions, and 

conceptual and mathematical problems . 
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Peer Instruction Approaches 

Concept questions. 

For this study, the concept questi ons were grouped together after the concepts 

were experienced in the lab. Each concept questi on discussion session began with a 

reminder of the importance of participating in the di scussions to develop a systematic 

understanding of the physics principles rather than just a disconnected li st of physics 

facts. Both groups were given the same set of concept questions, and if time was a 

limitation, the questions were either posted online or fini shed the fo ll owing class period. 

Immediate feedback. 

Each student was given approximately one minute to read the question and enter 

a response using an individual clicker within a classroom set of clickers. The immediate 

feedback was used to gauge student understanding of the concept questions and to guide 

the teacher as to what decisions should be made subsequently. If more than 75% of the 

students answered a question correctly, the teacher revealed the results and asked the 

students to explain why that choice was consistent with the Newtonian concept. If fewer 

than 35% of the students answered a question correctly, another demonstration or 

lecture was given before asking the original question again (Fagen, Crouch, & Mazur. 

2002) . If between 35% and 75% of the class answered a questi on correctly, then the 

question was used for one of two di scuss ion formats (peer-led or teacher-led). This 

study foc used on whether using peer-led or teacher-led discussions at thi s point ,,vas 

more effective at increasing learning gains. Figure l summarizes the steps of each of the 

discuss ion fo rmats that were used in the study tha t ,,vil l be discussed in the next section . 
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Qu ick 
demonstration 

or lec ture about 
concept 

Fewer Than 
35% Correc t 

Post Question 

Teacher Evalm1tes Response~ 

Bel ween 35% and 75 '7r. Co1Tect 

----------------or--- ------------

Group A 
Peer-Led Discussions 

Students discuss their 
answers in small peer

led groups and enter new 
responses 

Students justify responses 
and the con ect answer is 

confirmed 

Group B 
Teacher-Led Di scussions 

Teacher leads a class
wide discussion and asks 
students for exp lanations 

and reasons for the answer 

Summary of di scussion 
with the correct answer 

Move to 
Next Question 

More Than 
75 '7c Correct 

Quick 
Summary 

Figure I. Sequence of peer- led and teacher-led discussions used in the stud y. 
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Peer-led or teacher-led discussions. 

When 35% to 75% of the students in Group l had indi vidually answered a 

concept question correctly using the clicker system, they fo ll owed the peer-l ed 

discussion sequence described by Crouch, Watkins, Fagen, and Mazur (200 7). Students 

were allowed to choose their own groups to work together in small peer-l ed di scuss ions 

for three to four minutes to answer the question again . Students then explained and 

justified their answers for approximately three minutes within their groups. In a 

previous study (Mazur, 1997), it was realized that students who knew the correct 

answer for the appropriate reasons were more likely to convince their group mates to 

reconsider their answers, and students who knew the correct answer have clearer insight 

into their group mates' non-Newtonian concepts because they all have just learned to 

work through the same problems. These groups allowed the more knowledgeable 

students to walk other students through the same conceptual pitfalls. 

In addition to entering their responses on the clickers, students in Group 2 also 

wrote their answer choice and a short description or diagram to justify their response on 

a slip of paper anonymously. Students entered their initial response with the clickers 

during the first minute, and then the students wrote out their justification on the caTd 

during the time when Group 1 would have broken into small group di scussions . When 

35% to 75% of the students individually answered a concept question correctly. Group 

2 used the following steps for teacher-led di scuss ions. The teacher qui ckl y gathered the 

slips of paper and wrote a few of the di ffe rent responses on the board , placed the slips 

o f paper under the document camera , or read them aloud. Students were g_iven two 

minutes to think about why each of the other choices contained non-Nev-.rtonian 
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concepts. The teacher then asked fo r alternati ve choices or j ustifications from the class . 

For two minutes, a ll justifi cations were organi zed on the whiteboard under the 

corresponding response choice letters. Once all choices and justifi catio ns were on the 

board, a second row was added to the board . The teacher asked the students for non

Newtonian ideas in any of the justifications to be written on the second row. Once a ll of 

the non-Newtonian ideas were organized on the whiteboard, the teacher asked the 

students to vote on an option by a show of hands. Whichever group had the largest 

number of votes responded to challenges of non-Newtonian ideas in their column and 

explained for three to four minutes why each of the other options did not agree with the 

Newtonian concept. If the majority of students did not have the correct ewtonian 

explanation, the teacher explained why that choice was non-Newtonian, and the class 

voted again on the remaining options. 

The procedure for Group 2 was being proposed by the principal investigator to 

test an alternative to peer-led discussions within PI. Group 2 still followed many of the 

same effective steps from the typical PI method. Group 2 answered the same concept 

questions with the clickers, and the teacher still used the results to determine whether 

the class would receive another lecture or demonstration, to quickly summari ze the 

answer and move on to the next question, or to have a discussion about the questi on. 

Having the students write down a justification for their response and think about why 

the other choices were non-Newtonian helped the students refl ect on the concepts. 

Encouraging the students to reflect and ask questions helped the students develop a 

better understanding of the concepts (Watts & de Jesus, 2005) . According to Watts and 

de Jesus (2005) , "questioning prompted by a questi oner's own refl ec ti ons leads to 
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deeper, more fundamental questions than that prompted by ex ternal fac tors such as 

peers, textbooks, or teachers" (p. 439). Studies have also shown that se lf-refl ecti ve 

questions are able to have a lasting effect on student conceptions (King. 1992; 

Rosenshine, Meister, & Chapman, 1996). So, havi ng students reflect on the choices 

may be another effective type of discussion other than peer-led discussions. 

Procedures 

This study analyzed the effectiveness of two different discussion techniques for 

incorporating Peer Instruction in a high school physics course. Effectiveness was 

measured by learning gains on pretest and posttest FCI scores as well as between sets of 

concept questions and corresponding benchmark tests . See Appendix A for an itemized 

research timeline. 

The pretest and posttest of the FCI was given to both groups in the same way. A 

hard copy of the FCI test was given to each student, and the students entered their 

responses with the clickers at their own pace. The pretest was administered at the 

beginning of the semester and the posttest was administered eleven weeks later to 

determine students' learning gains of conceptual understanding of Newtonian 

mechanics. The FCI required one fifty minute class period each time it was 

administered. 

The concept questions were administered six times throughout the duration of 

the research study. The time between administrations varied between one and t,",o 

weeks. The concept questions served as a measure to gauge student progress and to help 

improve student understanding through either peer-led (Group 1) or teacher-l ed (G roup 

2) di scuss ion s. Answering and revi ewing each set of concept questi ons took 
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approximately thirty minutes of class time with both groups. Both gro ups had a low

stakes grading system for the sets of concept questions. Willoughby's (2009) study of 

grading incentive with clickers showed that high-stakes grading di scouraged group 

discussions as the stronger academic students became more dominant, whi ch all owed 

the lower achieving students to passively block vote with the group. For thi s study, 

students in Group 1 and Group 2 were given a participation grade for indi viduall y 

answering the questions with the clickers before the peer-led or teacher-led discussions. 

After students completed two sets of concept questions, they were administered 

a benchmark test that measured their conceptual understandings of the inherent phys ics 

concepts within the preceding set of concept questions. Tlu·oughout the study, students 

completed three benchmark tests. The time between administrations varied between two 

and three weeks. The benchmark scores were compared to the concept questions scores 

to determine learning gains over the inherent physics concepts. Each benchmark test 

took approximately twenty minutes of class time and was administered to Group 1 and 

Group 2 in the same way. Students were given a hard copy of benchmark questions to 

work through at their own pace, and the students entered their responses on the clickers. 

One participation grade was given for each two sets of concept questions for both 

groups. 
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Chapter IV-Results 

Summary of Assessment Scores 

Table 4 li sts the number of participants who compl eted each assessment along 

with the number of questions on each assessment and the mean percentage for each 

assessment for each group. The reason why the number of participants varies is because 

some students may have been absent or pulled out of class fo r an activity on different 

days when the discussions took place. A participant' s data were not included unless 

they were present for the pretest and posttest assessments. The same numbers of 

questions were asked to each group, but the number of questions covered in each 

section was based on the concept covered and the amount of class time available, which 

means that each assessment had a different number of questions. Each set of Concept 

Questions (CQ) had between two and four questions and served as a pretest. Each 

Benchmark (B) covered two sets of concept questions, and so is referred to as either A 

or B for the first or second set of concepts. The benchmarks ranged between three and 

five questions for each of the topics. The FCI had 30 questions, and it was administered 

as a pretest and posttest. The mean scores in Table 4 are reported as percentages for 

each of the assessments, and the standard deviation is reported along with each mean 

percentage. The mean percentages for Group 1 on the pretest scores ranged from 12% 

to 41 %, and the mean percentages for Group 2 on the pretest scores ranged from 26% to 

44%. The mean percentages for Group 1 on the posttest scores ranged from 45% to 

78%, and the mean percentages fo r Group 2 on the postt st scores ranged from 52% to 

82%. 
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Tab le 4 

Summwy a/A ssessment Scores 

Pretest Questions Posttest Questi ons 

Group Assessment n #Q M SD #Q M SD 

CQl-BlA 42 4 32.1 23.6 5 56.7 26.8 

CQ2-B1B 43 3 35 .6 22.9 5 74 .9 16.4 

CQ3-B2A 34 2 41.1 19.3 3 73 .5 25.6 

CQ4-B2B 43 3 11.6 19.0 
,., 

78 .3 26 .1 .) 

CQ5-B3A 43 3 40.3 22.4 4 61.6 26.9 

CQ6-B3B 43 3 37.2 23 .2 4 51.7 18.4 

FCI 43 30 23.6 8.8 30 45 .0 16.0 

2 CQl-BlA 27 4 38.9 26 .3 5 68 .9 23. 8 

CQ2-B1B 24 3 44.4 23.4 5 76.7 19.3 

CQ3-B2A 20 2 40.4 20 .5 3 81.7 27 .5 

CQ4-B2B 28 3 27.4 25.7 3 82.1 23 .1 

CQ5-B3A 28 3 45.2 20.7 4 58.9 19.5 

CQ6-B3B 27 3 35.8 22.5 4 57.4 20 .6 

FCI 28 30 25 .9 11.9 30 51.8 14.8 

Note. CQ = Concept Questions; B = Benchmark test; FCI = Force Concept 

In ventory; #Q = Number of questions on each assessment; mean = Mean percentage 

of each assessment. 
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Grouping of FCI Scores 

Tab le 5 summarizes the number of students that scored low, modera te, and hi gh 

on the FCI pretest and posttest based on Hestenes and Halloun 's (1995) analysis of FCI 

scores. Students who answered fewer than 18 out of the 30 questions correctl y had a 

Low understanding of the distinction between variables, the concept that forces cause 

motion, and how to apply the principles consistently. Students who answered between 

18 and 24 of the questions correctly had a moderate understanding, which meant that 

they had the beginnings of a consistent system of understanding the concepts of forces 

and motion . Students who answered more than 24 questions correctly were in the high 

category, which meant that they had a completely consistent system of the Newtonian 

concept of force. In this study, all pai1icipants scored low on the pretest FCI. Ten 

students scored moderate in both Group 1 and Group 2 on the posttest FCI, but no one 

scored high in either group on either assessment. 

Table 5 

Grouping of FCJ Scores 

Number of Students in Each Range of Scores 

Low Moderate High 
Group FCI Score n S < 18 18 < S < 24 S > 24 

Pretest 43 43 0 0 

Posttest 43 33 10 0 

2 Pretest 28 28 0 0 

Posttest 28 18 10 0 

Note. S = Score on FCl ou t of 30. 
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Paired Samples T-test 

To answer research questions one and two, a paired samples t-test was used to 

compare learning ga ins in peer-led di scussions (Group 1) and teacher-led di scuss ions 

(Group 2). This procedure was done with the pretest and posttest for the FCI for the 

entire study and for the pretest concept questions and posttest benchmark questions for 

each of the concept sections. The paired samples t-test for Group 1 showed if there was 

a statistically significant increase between the pretest and posttest percentage scores 

when using concept questions (CQ) with peer-led discussions. The paired samples t-test 

for Group 2 showed if there was a statistically significant increase between the pretest 

and posttest scores when using concept questions with teacher-led discussions. 

The paired samples t-test was conducted for Group 1 to compare the students ' 

conceptual understanding of forces at the time of the pretest and the time of the posttest. 

All seven pairs of assessments for Group 1 showed a statistically significant increase 

between the pretest and posttest scores. There was a significant difference in the scores 

for Concept Question 1 (M = 32.1 , SD = 23.6) and Benchmark IA (M= 56.7, SD = 

26.8); t(41) = 5.263 , p = .000. There was a significant difference in the scores for 

Concept Question 2 (M= 35 .6, SD= 22.9) and Benclunark 1B (M = 74.9. SD = 16.4): 

t( 42) = 9.881, p = .000. There was a significant difference in the scores for Concept 

Question 3 (M = 41. l , SD = 19.3) and Benclunark 2A (A1 = 73.5 , SD = 25.6) ; t(33) = 

6.640, p = .000. There was a significant difference in the scores for Concept Question 4 

(M = 11 .6, SD = 19.0) and Benclm1ark 2B (M = 78.3 , SD = 26.1) ; t(42) = 17.349,p = 

.000. There was a sign ifi ca nt difference in the sco res for Concept Question 5 (Ai = 40.3, 

SD = 22 .4) and Benchmark 3/\ (M = 6 1.6, SD = 26.9) ; t( 42) = 4.107, p = .000 . There 
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was a signi fica nt difference in the scores for Concept Question 6 (M = 37.2 , SD = 23.2) 

and Benchmark 3 B (M = 51.7, SD = 18.4); 1(42) = 3.34 1, p = .002. There was a 

signi fica nt di ffe rence in the scores fo r the FC I Pretest (M = 23.6, SD = 8.8) and the FCI 

Posttest (M = 45.0, SD = 16.0); t(42) = 9.989, p = .000. The information is summarized 

in Tabl e 4 and Table 6. The change between the pretest and posttest score is referred to 

as the di ffe rence score in Table 6. 

The paired samples t-test was conducted for Group 2 to compare the students' 

conceptual understanding of forces at the time of the pretest and the time of the posttest. 

All seven pairs of assessments for Group 2 show a statistically significant increase 

between the pretest and posttest scores. There was a significant difference in the scores 

for Concept Question 1 (M = 38.9, SD = 26.3) and Benchmark IA (M= 68.9, SD= 

23.8) ; t(26) = 5.002, p = .000. There was a significant difference in the scores fo r 

Concept Question 2 (M = 44.4, SD = 23.4) and Benchmark lB (M= 76.7, SD= 19.3); 

t(23) = 6.111 , p = .000. There was a significant difference in the scores fo r Concept 

Question 3 (M = 40.4, SD = 20.5) and Benchmark 2A (M = 81 .7, SD = 27 .5); t( l 9) = 

5.349, p = .000 . There was a significant difference in the scores fo r Concept Question 4 

(M= 27.4, SD = 25.7) and Benchmark 2B (M = 82. 1, SD = 23. 1); t(27) = 10.522.p = 

.000 . There was a signifi cant difference in the scores fo r Concept Question 5 (Jvf = 45.2 . 

SD = 20.7) and Benchmark 3A (M= 58.9, SD= 19. 5); t(27) = 2.82 1. p = .009. Th re 

was a signi ficant diffe rence in the scores fo r Concept Questi on 6 (Al[ = 35.8. SD = 22.5) 

and Benchmark 3B (M = 57.4, SD = 20.6); t(26) = 4.030,p = .000. There was a 

sign ificant difference in the scores fo r the FCI Pretest (M = 25.9, SD = 11.9) and the 

FC I Posttest (M = 5 1.8 , SD = 14.8) ; 1(27) = 9.556. p = .000. The information is 
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summarized in Table 4 and Table 6. The change between the pretest and posttest sco re 

is referred to as the difference score in Tabl e 6. 

Table 6 

Sign[ficance of the Difference Scores for Each Pair of Assessments Using the Paired 

Samples T-test 

Group Assessment M SD 1 df p 

1 CQl-BlA 24.5 30.2 5.263 41 .000 

CQ2-B1B 39.2 26.0 9.881 42 .000 

CQ3-B2A 33.3 28.4 6.640 33 .000 

CQ4-B2B 66.7 25 .2 17.349 42 .000 

CQ5-B3A 21.3 34.0 4.107 42 .000 

CQ6-B3B 14.5 28.5 3.341 42 .002 

FClpost-FCipre 2 1.3 14.0 9.989 42 .000 

2 CQl-BlA 30.0 31.1 5.002 26 .000 

CQ2-B1B 32.2 25.8 6.111 23 .000 

CQ3 -B2A 41.7 34.8 5.3 49 19 .000 

CQ4-B2B 54.8 27.5 10.522 27 .000 

CQ5-B3A 13 .7 25.7 2. 82 1 27 .009 

CQ6-B3B 2 1.6 27 .9 4 .030 26 .000 

FC lposi-FCiprc 25.8 14.3 9.556 27 .000 

Note. Mean = /\ verage change between the pretest and posttest percentage scores. 
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Table 7 shows the correlation between the pretest scores and the posttest score 

from the paired sam ples t-test . Most of the correlations were small. The on ly moderate 

correlations between the students taking the pretest and the students taking the posttest 

were the FCI pretest and posttest and Concept Question 4 to B2B. This correlation was 

moderate for both Group 1 and Group 2 for these pairs of assessments. Most of the 

correlations were not significant. There were only three statistically significant 

correlations. Concept Question 4 to Benchmark 2B for Group 1 had a p -value of .006. 

The FCI pretest and posttest for Group 1 had a p-value of .001. The FCI pretest and 

posttest for Group 2 had a p -value of .018. In addition, Concept Question 4 to 

Benchmark 2B for Group 2 was approaching significance with a p-value of .054. 
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Table 7 

Correlat ion of Each Pair ofAssessmenls Us ing the Paired Samples T-tesl 

Group Assessment n Correlation Size p 

CQl-B I A 42 .289 Small .064 

CQ2-BlB 43 .120 Small .442 

CQ3-B2A 34 .227 Small .196 

CQ4-B2B 43 .412 Moderate .006 

CQ5-B3A 43 .059 Small .705 

CQ6-B3B 43 .077 Small .626 

FCipost-f Clpre 43 .491 Moderate .00 1 

2 CQl-BlA 27 .226 Small .257 

CQ2-BlB 24 .279 Small .187 

CQ3-B2A 20 -.031 Small .897 

CQ4-B2B 28 .368 Moderate .054 

CQ5-B3A 28 .186 Small .345 

CQ6-B3B 27 .167 Small .406 

FCipost-FCIµ rc 28 .444 Moderate .0 18 

Note. CQ = Concept Question; B = Benchmark; Size = Strength of the Correlation. 

Relationship of Gender, GPA and Math Level to FCI Pretest 

/\ one-way between-subjects ANOV A was conducted to compare the effect of 

gend er on rel pretest scores. The within-subj ect effect refe rred to the change in F l 

pretest scores within each separate gender, and the between-subjecL effect referred to 



the di ffe rence between the average male and average fema le f CI pretest sco re. Gender 

had no significant effec t on FC I pretest scores fo r Group l as measured between males 

(M = 7.48 , SD = 3.03) and females (M = 6.56, SD = 1.98); F( l , 4 1) = 1.28 , p = .265. 

Gender had a significant effect on FCI pretest scores for Group 2 as measured between 

males (M = 9.40, SD =.9 12) and females (M = 4.81 , SD = 1.24); F(l , 26) = 7.86, p = 

.009 . Males scored significantly higher on the FCI pretest than females in Group 2. The 

descriptive statistics of gender on FCI pretest scores for Group l and Group 2 are in 

Table 8, and the ANOV A results for the effects of gender on FCI pretest scores for 

Group land Group 2 are in Table 9. 

Table 8 

Descriptive Statistics of Gender on FCI Pretest for Group 1 and Group 2 

Group Gender n M SD 

Male 25 7.48 3.03 

Female 18 6.56 1.98 

Total 43 7.09 2.65 

2 Male 16 9.40 .9 12 

Female 12 4.81 1.24 

Total 28 7.78 3.57 
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Table 9 

One-Way ANO VA o/Gender Effect on FCJ Pretest Scoresfor Group ]and Group 2 

Group Effects ss df MS F p 

Between Group 8.94 8.94 1.28 .265 

Within Group 286.6 41 6.99 

Total 295.6 42 

2 Between Group 80.0 1 80.0 7.87 .009 

Within Group 264.6 26 10.18 

Total 344.7 
27 

The one-way between-subjects effect ANOV A test shows that there is no 

significant effect of gender on the FCI pretest scores for Group 1. There is a significant 

effect of gender on the FCI pretest scores for Group 2, and the males in Group 2 score 

significantly higher than the females in Group 2. 
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Figure 2. Plot of FCI pretest percentage scores vs. gender for Group 1 and Group 2. 

A one-way between-subjects ANOV A was conducted to compare the effect of 

GPA on FCI pretest scores . GPA was classified into fi ve categories. Category 1 GPA 

ranged from 4.0-3.75, Category 2 ranged from 3.74-3 .5, Category 3 ranged fro m 3.49-

3.25, Catego ry 4 ranged from 3.24-3.0, and Category 5 GPA was le s than 3.0. The 

within-subj ects effect referred to the change in FCI pretest scores ,,.,,ithin each separate 

G PA, and the between-subjects effect re ferred to the differ nces between the categoric 

of GPA on the F I pretest score. GPA had no signifi cant effect on F I pretest scores 

for Group 1 as measured between ca tegories, 4 .0-3 .75 (M = 6.82, SI - __ 79). 3.74-3.5 
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(Jvi = 7.00, SD = .8 16), 3.49-3.25 (M = 6.00, SD 1.87), 3.24-3.0 (M = 7.33. SD -

1.1 5), and less than 3.0 (M = I 1.33 , SD - 1.52) ; F( 4, 38) = 2.53 , p = .056. GPA had no 

significant effect on FCI pretes t scores fo r Group 2 as measured between categories, 

4.0-3.75 (M = 6.31 , SD = 1.18), 3.74-3.5 (M = 8.67, SD = 1.90), 3.49-3.25 (M = 9.33 . 

SD = 1.90), 3.24-3.0 (M = 8.33, SD = 1.90), and less than 3.0 (M = 7.67, SD = 1.50); 

F(4 , 23) = .905 , p = .477. The descripti ve stati stics of GPA on FCI pretest scores for 

Group 1 and Group 2 are in Table 10, and the ANOV A results for the effects of GPA on 

FCI pretest scores for Group 1 and Group 2 are in Table 11 . 

Table 10 

Descriptive Stahstics of GPA on FCI Pretest for Group land Group 2 

Group GPA n M SD 

1 4.0-3 .75 28 6.82 2.79 

3.74-3.5 4 7.00 .816 

3.49-3.25 5 6.00 1.87 

3.24-3.0 
,., 

7.33 1.15 ., 

< 3.0 3 11 .33 1.52 

Total 43 7.09 2.65 

2 4.0-3.75 13 6.3 1 1.1 8 

3.74-3.5 3 8.67 1.90 

3.49-3 .25 4 9.33 1.90 

3.24-3.0 
,., 

8.33 1.90 ., 

< 3.0 5 7.67 1.50 

Tota l 28 7.78 3.57 
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Tabl e 11 

One-Way ANO VA o/GPA t1Ject on FCJ Pretest Scores .for Group l and Group 2 

Group Effects ss df MS F p 

Between Group 62.2 4 15 .5 2.53 .05 

Within Group 233.4 38 6.14 6 

Total 295.6 42 

2 Between Group 46.9 4 11.7 .905 .47 

Within Group 297.8 23 12.9 7 

Total 344.7 27 

The one-way between-subjects effect ANOV A test shows that there is no 

significant effect of GP A on the FCI pretest scores for Group 1 or Group 2. 
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Figure 3. Plot of FCI pretest percentage scores vs . GP A for Group 1 and Group 2. 

A one-way between-subjects ANOV A was conducted to compare the effect of 

math level on FCI pretest scores. A student' s math level was classifi ed into fo ur 

categories based on their current math class. Students placed in Category I were 

currently in Algebra U, Category 2 students were currently in Math Analysis. Category 

3 students were currently in Calculus, and Category 4 students had air ady completed 

Calcu lus. The within-subj ects effect referred to the change in FC l prete t scores within 

each separa te math leve l, and the between subjects effect referred to the difference 

between the categories of math level on the FC I pretest core. Ma th level had no 
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significant effect on FCI pretes t scores for Group I as measured between categories. 

Algebra II (M = 7.00, SD = 4.24) , Math Analysis (M = 6.94, SD = 2.43), Calcu lus (M = 

7. 11 , SD = 3.02), and Beyond Calculus (M = 7.50, SD = 2.17); F(3 , 39) = .065 , p = 

.980. Math level had no signifi cant effect on FCI pretest scores for Group 2 as measured 

between categories, Algebra II (M = 9.00, SD = 4.42), Math Analysis (M = 9.00, SD = 

4.12), Calculus (Jvf = 7.15, SD = 2.9 1 ), and Beyond Calculus (M = 4.00, SD = 1.41 ); 

F(3 , 24) = 1.454, p = .252. The descripti ve stati stics of math level with FCI pretest 

scores for Group 1 and Group 2 are in Table 12, and the ANOV A results for the effects 

of GP A on FCI pretest scores for Group 1 and Group 2 are in Table 13. 

Table 12 

Descriptive Statistics of Math Level with FCJ Pretest for Group 1 and Group 2 

Group Math Level n M SD 

1 Algebra II 2 7.00 4.24 

Math Analysis 16 6.94 2.43 

Calculus 19 7.11 3.02 

Beyond Calculus 6 7.50 2.17 

Total 43 7.09 2.65 

2 Algebra II 2 9.00 4.42 

Math Analys is 1 1 9.00 4.12 

Calculus 13 7.15 2.9 1 

Beyond Ca lcu lus 2 4.00 1.4 1 

Tota l 28 7.78 3.57 
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Tab le 13 

One-Way ANO VA o_f Math Level t;fect on FCJ Pretest Scores.for Group land 

Group 2 

Group Effects ss df MS F p 

1 Between Group 1.40 3 .467 .065 .980 

Within Group 294.2 39 7.54 

Total 295.6 42 

2 Between Group 53.0 3 17.7 1.45 .252 

Within Group 291.7 24 12.2 

Total 344.7 27 

The one-way between-subjects effect ANOVA test shows that there is no 

significant effect of math level on the FCI pretest scores for Group 1 or Group 2. 
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Figure 4. Plot of FCI pretest percentage scores vs. math class for Group 1 and Group 2. 
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Normalized Gain Sco res 

To answer the third research question, the FC I scores, pre-test scores from the 

sets of concept questions, and the post-tes t scores from the six parts of the tlu·ee 

benchmark tests were turned into percentage scores for data analysis. The percentage 

scores from the tests were then turned into normali zed learning ga in scores. ormalized 

gain scores remove the correlation to the pre-test score, which provides an objective 

measure of average class learning gains to compare the effectiveness of instructional 

strategies (Hake, 1998). Hake used the following equation for normalized gain scores 

(G): 

G = postscore% - prescore¾ 

l 00 - p res core% 

G scores below .3 are considered low; G scores at or between .3 and . 7 are considered 

medium; and G scores at or above . 7 are considered high for class learning gains. All of 

the assessment pairs in the study showed a positive normalized gain between the pretest 

and posttest assessment, and the range of improvement was consistent for Group 1 and 

Group 2 between all of the Concept Questions and Benclunarks as shown in Table 10. 

Both groups had medium normalized learning gains for the first tlu·ee pairs of 

assessments . Both groups had high normali zed learning gains for the fo urth pair of 

assessments, and both gro ups had low norma li zed learning gains fo r the fifth and six th 

pair of assessments. The FCl pretest and posttest was the onl y pair of assessments that 

was in a different range for Group I and Group 2. Group I had a low normalized 

learning ga in with a sco re of .282, and Gro up 2 had a medium norn,ali zed learning gain 

wi th a score of .345. 
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Tab le 14 

Range o/Norma/ized Gain Scores/or Assessments 

Group Assessment Average Normali zed Gain Range 

1 CQ l-BIA .3 14 Medium 

CQ2-BIB .560 Medium 

CQ3 -B2A .539 Medium 

CQ4-B2B .775 High 

CQ5-B3A .273 Low 

CQ6-B3B .107 Low 

FCipost-FCipre .282 Low 

2 CQl -B l A .457 Medium 

CQ2-BlB .538 Medium 

CQ3-B2A .684 Medium 

CQ4-B2B .780 High 

CQ5-B3A .161 Low 

CQ6-B3B .245 Low 

FCipost-FCipre .345 Medium 

Note. CQ = Concept Questions; B = Benchmark; FCI = Force Concept Inventory; 

Range refers to Hake's (1998) categorization of the size of normalized gai n scores. 
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Relationship of Gender, GPA and Math Level to FCI 1ormalized Gain Sco res 

A one-way between-subj ects ANOV A was conducted to compare the effect of 

gender on FCI normali zed ga in scores. The within-subjects effect referred to the change 

in FCI normalized gain scores within each separate gender, and the between - subjects 

effect referred to the difference between the average male and average female FCI 

normalized gain score. Gender had a significant effect on FCI normalized gain scores 

for Group 1 as measured between males (M = .329, SD= .157) and females (M= .216, 

SD = .212); F(l , 41) = 4.10, p = .049. Gender had no significant effect on FCI 

normalized gain scores for Group 2 as measured between males (M= .340, SD =.194) 

and females (M = .350, SD = .183); F(1 , 26) = .019, p = .891. Males scored significantly 

higher on the FCI normalized gain scores than females in Group 1. The descriptive 

statistics of gender on FCI normalized gain scores for Group 1 and Group 2 are in Table 

15 , and the ANOVA results for the effects of gender on FCI normalized gain scores for 

Group 1 and Group 2 are in Table 16. 
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Table 15 

Descripth1e Statistics of Gender on FCI Normalized Gain Scores for Group 1 and 

Group 2 

Group Gender 11 M SD 

Male 25 .329 .156 

Female 18 .2 16 .212 

Total 43 .281 .189 

2 Male 16 .340 .194 

Female 12 .350 .183 

Total 28 .344 .186 

Table 16 

One-Way ANO VA of Gender Effect on FCI Normalized Gain Scores for Group 1 

and Group 2 

Group Effects ss df MS F p 

Between Group .135 1 .135 4.10 .049 

Within Group 1.35 41 .033 

Total 1.49 42 

2 Between Group .00 1 .001 .0 19 .891 

Within Group .934 26 .036 

Total .935 27 
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The one-way between-subjects effect A OVA test shows that there is no 

significant effect of gender on the FCJ normalized ga in for Group 2. There is a 

significant effect of gender on the FCI normalized gain for Group l , and the males in 

Group 2 score significantly higher than the females in Group 1. 
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Figure 5. Plot of FC[ normali zed gain scores vs. gender for Group 1 and Group 2. 
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A one-way between-subjects A OVA was conducted to compare the effect of 

GPA on FCI normali zed ga in scores. GPA was class ified into five categories. Category 

1 GPA ranged from 4.0-3.75 , Catego ry 2 ranged from 3.74-3.5, Category 3 ranged from 

3.49-3 .25, Category 4 ranged from 3.24-3.0, and Category 5 GPA was less than 3.0. 

The within-subj ects effect referred to the change in FCI normalized gain scores within 

each separate GPA, and the between subj ects effect referred to the differences between 

the categories of GPA on the FCI normali zed gain score. GPA had no significant effect 

on FCI normalized gain scores for Group 1 as measured between categories, 4.0-3.75 

(M= .298, SD = .154), 3.74-3.5 (M= .33 0, SD= .257), 3.49-3.25 (M = .102, SD = 

.161), 3.24-3.0 (M= .190, SD = .231), and less than 3.0 (M= .453, SD = .273); F(4 , 38) 

= 2.32, p = .074. GPA had no significant effect on FCI normalized gain scores for 

Group 2 as measured between categories, 4.0-3 .75 (M= .371, SD = .171), 3.74-3 .5 (M 

= .403 , SD = .025), 3.49-3.25 (M = .265, SD = .3 14), 3.24-3.0 (M= .306, SD= .163), 

and less than 3.0 (M= .324, SD= .211); F(4 , 23) = .336,p = .851. The descriptive 

statistics of GP A on FCI normalized gain scores for Group 1 and Group 2 are in Table 

17, and the ANOV A results for the effects of GPA on FCI normalized gain scores for 

Group 1 and Group 2 are in Table 18 . 

58 



Table 17 

Descriptive Statistics of GPA on FC! Normalized Gain Scoresfor Group I and 

Group 2 

Group GPA 11 M SD 

4.0-3.75 28 .298 .154 

3.74-3.5 4 .33 0 .257 

3.49-3.25 5 .102 .161 

3.24-3.0 3 .190 .231 

< 3.0 3 .453 .273 

Total 43 .282 .188 

2 4.0-3.75 13 .37 1 .171 

3.74-3.5 3 .403 .025 

3.49-3.25 4 .265 .314 

3.24-3 .0 3 .306 .163 

< 3.0 5 .324 .211 

Total 28 .344 .186 
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Table 18 

One-Way ANO/IA of GPA Ef fect on FCJ Normalized Gain Scores for Group land 

Group 2 

Group Effects ss df MS F p 

1 Between Group .292 4 .073 2.32 .074 

Within Group 1.19 38 .031 

Total 1.48 42 

2 Between Group .05 2 4 .013 .336 .851 

Within Group .883 23 .038 

Total .935 27 

The one-way between-subjects effect ANOVA test shows that there is no 

significant effect of GP A on the FCI normalized gain for Group 1 or Group 2. 
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Figure 6. Plot of FCI normalized gain scores vs . GP A for Group 1 and Group 2. 

A one-way between-subjects ANOV A was conducted to compare the effect of 

math level on FCI normalized scores. A student's math level was classified into four 

categories based on their current math class. Students placed in Category 1 were 

currently in Algebra II , Category 2 students were currently in Math Analysis. Category 

3 students were currently in Calculus, and Category 4 students had already completed 

Calculus. The within-subj ects effect referred to the change in FC ] pretest score, v,ithin 

each separate math level, and the between-subj ects effect referred to the differences 

between the catego ri es of math level on the FC l normali zed ga in cor . Math I ,. l had 
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no significant effect on FCI normali zed ga in scores for Group l as measured between 

categori es, Algebra Tl (M = 7.00, SD = 4.24), Math Analysis (M = 6.94, SD = 2.43), 

Calculus (Iv/ = 7.11 , SD = 3.02), and Beyond Calculus (M = 7.50, SD = 2.17); F(3 , 39) 

= .065, p = .980. Math level had no signifi cant effect on FCI normalized gain scores for 

Group 2 as measured between categories, Algebra II (M = 9.00, SD = 4.42), Math 

Analysis (M = 9.00, SD= 4.12), Calculus (M = 7.15 , SD = 2.91 ), and Beyond Calculus 

(M= 4.00, SD = 1.41); F(3 , 24) = 1.454, p = .252. The descriptive statistics of math 

level with FCI normalized gain scores for Group 1 and Group 2 are in Table 19, and the 

ANOV A results for the effects of GPA on FCI normalized gain scores for Group 1 and 

Group 2 are in Table 20. 
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Table 19 

Descriptive Statistics ofMath level with FCJ Normalized Gain Scores.for Group 

land Group 2 

Group Math Level 11 M SD 

1 Algebra II 2 .2 10 .085 

Math Analysis 16 .328 .213 

Calculus 19 .235 .173 

Beyond Calculus 6 .332 .177 

Total 43 .282 .188 

2 Algebra II 2 .145 .205 

Math Analysis 11 .3 16 .217 

Calculus 13 .381 .156 

Beyond Calculus 2 .460 .028 

Total 28 .344 .186 
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Table 20 

One-Way ANO/IA ofMath Level Effect on FC! Nornwli::-ed Gain Scoresfor Group 

land Group 2 

Group Effects ss df MS F p 

1 Between Group .101 
,, 

.034 .944 .429 .) 

Within Group 1.39 39 .036 

Total 1.49 42 

2 Between Group .132 
,, 

.044 1.32 .292 .) 

Within Group .803 24 .033 

Total .935 27 

The one-way between-subjects effect ANOVA test shows that there is no 

significant effect of math level on the FCI normalized gain for Group 1 or Group 2. 
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Figure 7. Plot of FCI normalized gain scores vs. math class for Group 1 and Group 2. 

Repeated Measures 

A repeated measures GLM test was used to determine if there was any 

significant difference between Group 1 and Group 2 normalized gain score for the FCI 

(see Table 21). The mean difference for the within-subject effects represents the chan ge 

between the pretest and posttest score, and the mean difference for the between-subject 

effect represents the cl1ange between Group 1 and Group 2. ln thi s case the mean 

difference score within -s ubj ect e ffect equaled 23 .576 . and it wc1s significant: F( 1) -

189. 2, p = .000 . The mea n difference score fo r be tween- ub.icct cffc L cquc1 lcd 4 .5() 7. 



and it was not significant in thi s case ; F( l) = 189.2, p = .094 . The results indi cate that 

there was a significant difference between the pretest and posttest scores. but that there 

was no signifi cant difference between Group 1 and Group 2 FC I normali zed gain e en 

though Table IO ranked Group 1 as a low gain and Group 2 as a moderate ga in. 

Table 21 

Repeated Measures GLM Test to Measure the Sign[ficance of the Change Between 

FCI Scores 

Effects ss df MS F p p eta 

Between Group 707.3 1 707.3 2.88 .094 .39 .036 

Within Group 18850.5 1 1885.5 189.2 .000 1.00 

Total 19557.8 2 195578 

Figure 8 shows the significant change between the pretest and posttest scores for 

each group and the non-significant change between Group 1 and Group 2 according to 

the repeated measures test. 
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Chapter V-Disc uss ion 

Interpretation of Data 

FCI scores. 

Overall , the scores fo r the FCI pretest and posttest were relati vely low fo ll owing 

Hestenes and Halloun 's (1995) interpretation of FCI scores as shown in Tabl e 5. All 

students in Group 1 and Group 2 had a Low understand ing of the Newtonian concept of 

force based on the FCI pretest scores. For Group 1, only 10 out of 43 students moved 

from a low to a moderate understanding of the Newtonian concept of force, and no 

students moved to a high understanding of the Newtonian concept of force based on the 

FCI posttest scores. For Group 2, only 10 out of 28 students moved from a low to a 

moderate understanding of the Newtonian concept of force, and no students moved to a 

high understanding of the Newtonian concept of force based on the FCI posttest scores. 

According to Hake (1998), this means that no one began or fi ni shed the eleven week 

study with a completely consistent view of the Newtonian concept of force based on the 

FCI pretest and posttest scores of the participants. 

There are other factors besides FCI percentage scores to look at when evaluating 

students ' progress towards a complete conceptual understandi ng of the ev.rto nian 

concept of fo rce. Hestenes and Halloun (1995) emphasized that the FCI should not be 

given as a test based on percentages because the entire test was designed to confro nt 

students with common misconceptions to show the subtle differences of how to 

interpret and appl y Newton 's laws correctl y in different situations. The FCl is designed 

to tes t multiple concepts about fo rce, whi ch means that the learn ing process can be seen 

as a process over tim e ra ther than a onetim e event where students ei ther have no 
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knowledge or a comp lete understanding of the concept. The FCI shou ld be used to 

gauge the understanding of a student about force and to gauge if a student is progressing 

in their understanding of force over time. 

The goal of the high school physics class used in thi s stud y was not to replace a 

university level physics class. The goal was to prepare students to succeed in a co ll ege 

physics class. Lasry, Mazur, and Watkins (2008) found that students with low 

background information indicated by low FCI pretest scores had statistica ll y significant 

lower normalized learning gains on the FCI than students with more background 

knowledge indicated by high FCI pretest scores. Taking physics in high school gives 

students additional time to develop a framework of how the major physics concepts 

work together to explain how the world works. When they see the information again in 

college, all of the new information can be weighed against this past understanding. 

Their old system is probably not completely consistent with the Newtonian concept of 

force, but it gives them a good starting place to reevaluate how the world works. 

The compressed timeframe of the study also required that the FCI posttest be 

given before the class had discussed friction, inclines, pulleys, or centripetal force. It is 

likely that the FCI scores would have been higher if students would have been given the 

opportunity to app ly Newton 's laws in these new situations. A benefit of administering 

the FCJ whi le students were sti ll experiencing the unit was that the FCI was used after 

the study as a learning tool to help students confront their mi sconceptions. According to 

Marek (2009), part of educating students invo lves presenting the students with 

s ituations or thougJ1t experiments that will cause them to disequilibrate to create the 
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opportunity fo r the students to create a new mental structure to accommodate the nev. 

information. 

The abstract nature of physics concepts and the difficulty of ynthesizing the 

concepts in a real situation could be contributing factors to the low scores on the FCI. 

Many of the students are transitioning from being concrete thinkers to being formal 

thinkers. To this end, most all of the students are capable of reciting ewton 's laws. but 

few students may have developed the level of critical thought that is necessary to 

develop a consistent understanding of how Newton 's laws are app lied . Since all of the 

Newtonian concepts are interconnected, students must synthesize these concepts to 

understand fully what is happening in a given situation. Figure 9 is an example of the 

different ideas that students are applying when they look at one example of a concept 

question on forces. 
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Question 

Are the fo rces acting on a person standing on the ground ewton ' s 3rd law forces? 

Diagrams 

FORCE OF 
GROUND 

ACTING ON 
THE PERSON 

FORCE OF 
GRAVITY ON 
THE PERSON 

FORCE OF 
GROUND 

ACTING ON 
THE PERSON 

PERSON 

PERSON 

FORCE OF 11 FORCE OF 
GRAVITY ON PUSH ON THE 
THE PERSON PERSON 

GROUND 

FORCE OF 
TH E PERSON 

ON THE 
GROUND 

FORCE OF 
GROUND 

ACTING ON 
THE PERSO 

PERSON 

Statement 1 : 

The forces on the person are equal and opposite 

because there is no acceleration. 

Statement 2: 

This is a consequence of Newton 's 2nd law that states 

that the acceleration of an object is the result of the 

sum of all of the forces acting on the object. 

Statement 3: 

The forces could be unequal , if a push was applied 

down on the person. 

Statement 4: 

Newton's 3rd law forces are always equal and 

opposite by definition. 

Statement 5: 

An example of a 3rd law force in the situation is the 

force of the person acting on the ground (action), and 

the force of the ground acting on the person 

(reaction). 

Conclusion: 

The forces acting on the person arc not 3rd law forces. 

Figure 9. Example of concepts in volved with correctly applying cwton ·s law . 
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Paired sa mples t-test. 

The fi rst two hypotheses were that both peer-l ed and teacher-led di scussions 

wo uld cause stati stically significant learning gains because both treatments were tested 

against physics students' prior knowledge, which has been shown to contain non

Newtonian concepts (Halloun & Hestenes, 1985). In this study, both the first and 

second hypothesis were supported for the overall classes since there was a positive, 

statistically significant difference between the pretest scores and the posttest scores for 

both Group 1 and Group 2 for all of the assessments based on the significance of the 

paired samples t-test results in Table 6. 

The correlation of the paired samples t-test results in Table 7 showed that there 

was no statistically significant correlation between the pretest and posttest scores for 

individual students. So, there was improvement, but all students were not affected by 

the treatment in the same way. 

One explanation for why there was no correlation between the pretest and 

posttest scores could be that there were not enough questions to clearly gauge the 

individual student's conceptual understanding. The FCI pre- and posttest, which 

contains over 30 questions, were the only pairs of statistically significant con-elations 

between pretest and posttest scores for both Group 1 and Group 2. The correlation for 

the FCI pretest and posttest was also the hi ghest out of all of the assessment pairs. 

Gro up 1 FCI pretest and posttest had a moderate corre lation of .491 and a p-value of 

.001. Group 2 FC I pretest and posttest had a moderate correlat ion of .444 and a p-value 

of .0 18. Refer to Table 7 for all corre lation values. The concept questions and 

benchmarks had fewer questions to gauge students understandin g than the FCL and so 
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the inclusion of more questions in the concept questi ons and benchmarks co uld increase 

the probabi lity of finding stati sticall y significant correlati ons between the pretest and 

pos ttest scores fo r the co ncept questi ons and benchmarks. 

Another explanation of the lack of a stati sticall y significant correlation between 

the pretest and posttest scores was the inclusion of other activities and time between 

adm inistering the pretests and posttests. The data suggest that there was an increase in 

scores between pretest and posttest scores, but this increase could have been due to 

many other factors other than the treatment. Only 10%-20% of the class time was 

dedicated to the conceptual tests. The classes also participated in labs, discussions, 

pro blems, and homework that could have caused the learning gain for an individual 

student. Minimizing these other factors would increase the correlation between the 

pretest and posttest scores. 

Relationship of gender, GP A, and math level to FCI pretest. 

Gender was the only significant independent variable to affect the FCI pretest 

scores for Group 1, and none of the variables significantly affected the FCI pretest 

scores fo r Group 2. GP A and math level were not significant predictors of FCI pretest 

scores. As previously di scussed, the FCI is a challenging test that confronts common 

assumptions, which could be why students with high GP As and more math classes did 

not produce hi gher FCI pretest scores. Gender does have a signi ficant effect on FCI 

pretest scores for Group 1. Lorenzo, Crouch, and Mazur (2006) confirmed that males 

typicall y score higher on the FCI, but there is a debate over whether thi s di ffe rence is 

fro m gender bi as in the FCJ or if it is showing that males typicall y understand the 

concept of force better than females. As a class room teacher, the principal inve ti gator 
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has not observed that males possess a greater understanding of the concept of fo rce than 

fema les. 

Normalized gain scores. 

Overall , the normalized gain scores were low to ,nedium for students in both 

groups. However, there was a positive learning gain between the pretest and posttest 

scores for all of the assessments, which shows that students were in the process of 

gaining a better understanding of the Newtonian concept of force. The objective is to 

have high normalized learning gains, but the same arguments discussed earlier in 

chapter 5 under the FCI scores section about the difficulty of the questions , the process 

of learning, and the goals of the high school physics class could also be applied to the 

normalized gain scores. 

All of the normalized gain scores are listed in Table 14. Both groups had 

medium normalized gain scores on the first, second, and third sets of concept questions . 

Both groups had high normalized gain scores on the fifth set of concept questions. Both 

groups had low normalized gains on the fifth and sixth sets of concept questions. The 

consistent range of normalized gain scores between the concept questions and 

benchmarks indicated that both treatments had similar effects. However, this finding is 

limited by the lack of correlation between the pretest and posttest scores. The study 

cannot support that the treatment is what caused the change, and so it cannot be said 

that the two, distinct discussion formats had the same effect on conceptual 

understanding. 

There was a different range for the FCI normali zed ga in score for Group 1 and 

Group 2. The FCI normali zed ga in score fo r Group 1 was .2818. which i a low gain 
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score, and the FCI normalized ga in score for Group 2 was .3452, which is a medium 

ga in sco re. The repeated measures test wi II be discussed later to show if there was a 

sign ificant difference between the FCI normalized gain scores for Group 1 and Group 2. 

Relationship of gender, GP A and math level to FCI normalized gain score. 

Gender was the only significant independent variable to affect the FCI pretest 

scores for Group 2, and none of the variables significantly affected the FCI pretest 

scores for Group 1. GP A and math level were again not significant predictors of FCI 

normalized gain scores. As discussed above, the FCI is a challenging test that confronts 

common assumptions, which could be why students with high GP As and more math 

classes did not produce higher FCI pretest scores. Gender does have a significant effect 

on FCI normalized gain scores for Group 2; males scored higher than females. These 

findings agree with Lorenzo, Crouch, and Mazur (2006) in that males typically scored 

higher than females on the FCI. Treatment 1, using peer-led discussions, did have a 

more positive effect on females than males so that the gender gap was no longer 

statistically significant on the normalized learning gain. Treatment 2, using teacher-led 

discussions, did have a more positive effect on males than females so that the gender 

gap became significant on the normalized learning gain. Most females may have more 

significant learning gains than males from using peer discussions, while most males 

may have more significant learning gains than females from individually answering 

concept questions. 

Repeated measures. 

The repeated measures test showed that there was a significant change within

groups between the FC I pretest and posttest scores for Group 1 and Group 2; F( 1) = 
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189.2 , p = .000. The repeated measures test also showed that there was no significant 

change between Group 1 and Group 2 FCI pretest and posttest scores; F( l ) = 2.880. p 

.094. This meant that the final hypothesis concerning the comparison between the peer

led and teacher-led discussions was not supported by the data . Students who 

participated in the peer-led discussion approach did not show significantly greater 

learning gains than students in the teacher-led class discussion group as evidenced by 

the lack of significance in the between measures test for the FCI pretest and posttest. 

Even if there had been significant change between the groups, the result wou ld still 

have been limited by the lack of correlation between the assessment pairs, which would 

have limited the ability to conclude that any change would have been caused by the 

treatment method. 

Observations from the Principal Investigator as the Classroom Teacher 

The third hypothesis that there will be a significant difference between the two 

treatment methods was not supported by the data. But, the lack of correlation between 

the FCI pretest and posttest signifies that the scores from the assessments may not 

accurately measure the effect of the treatment. From observations in both treatment 

classes, the principal investigator would argue that Group 1 treatment was more 

effective than Group 2 treatment. It appeared that everyone participated in the Group 1 

discussions after answering the questions individually, and students seemed engaged in 

defending their point of view or asking for clarification. However, Group 2 treatment 

did not spark the same participation as Group I treatment. Everyone answered the first 

round of clicker question s indi viduall y in Group 2, but there was more negative 

feedback in the justifications. 
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One problem with Group 2 treatment was that the questi ons were specificall y 

chosen to cha llenge the students and spark di scuss ions. But, students in Group 2 were 

a ked to answer and justi fy the question indi viduall y. Rather than sparking di scuss ions. 

the questions caused some of the students to become frustrated because they felt that 

they could not conceptualize the correct answer. Student frustration led some students 

to answer that they did not know, that they were stupid, or to put a one word answer 

with no explanation rather than writing out a justification for their answer. The principal 

investigator attempted to model writing out true statements about the problem to show 

how to analyze the problem and justify an answer, but this did not seem to help students 

reason through the new concepts. 

Another limitation of Group 2 treatment was that it took more time to administer 

each question. Group 1 peer-led discussion elicited students' ideas. Therefore, only a 

quick summary was needed to complete the question-centered discussion . Even if the 

majority did not have the Newtonian answer, the teacher quickly addressed problems 

with the majority ' s choice, and other students in the room justified why their answer 

was consistent with the Newtonian concept. With Group 2 treatment, the instructor 

co ll ected and summarized all of the responses before again asking the students to 

choose a response and di scuss the choices with the whole class. The instructor tried 

writing se lected responses on the whiteboard, reading selected responses, and putting 

responses under the document camera. However, this method was always more hurried 

fo r tim e than Group 1. 
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Limitations to Study 

The compressed timefra me for the study during a twelve-week peri od was a 

limitation, and it may not have been adequate time to develop a stati sticall y signifi cant 

diffe rence between Group 1 and Group 2. During the admini strati on of the six sets of 

concept questions was the only time when the classes experienced the specific treatment 

method. The requirements of fini shing the thes is also mandated that the FCI posttest 

was given before the classes had covered friction , incline planes, pulleys, and 

centripetal force . So, the students had covered the basics of Newton' s three laws, but 

did not have time to expand the laws into other applications to help develop a broader 

understanding of the concepts that also could have helped the students perform better on 

the FCI. 

Another limitation to the study was that the principal investigator was also the 

classroom teacher. The assent and consent forms were collected by a third paiiy so that 

the principal investigator was not aware of who was participating in the study until after 

all of the data were collected. This was to minimize any potential coercion to students. 

but the principal investigator still taught the students, which meant that there was the 

potential to influence the research. The investigator believed that he tried to error on the 

side of being the classroom teacher rather than a researcher. For example. the whole 

research schedule was arranged around the di ffe rent acti vities of the class. and time was 

taken away fro m the concept questions if it appeared that doing a different activity 

wo ul d be more producti ve at that time. In addition, restri cting students' access to the 

concept questi ons after they had answered them in class could have caused the 

benchmarks to more closely relate to what the students learned from the di scus 10 11 
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l lowevcr, th , principal investi ga tor was more concerned with the students lea rning the 

materi al, which meant that he encouraged the students to review the concept questions 

on line before compl eting the benchmarks. 

The study itse lf was also limited by the fac t that it was only conducted by one 

teacher at one hi gh school. Thi s limits the ability of the study to be generali zed to other 

teachers at other schools, but the results can be used to help structure a larger scale 

study involving multiple schools and multiple teachers based on what was learned from 

conducting the study. 

Recommendations for Future Research 

The study was primarily a learning experience in which the principal 

investigator learned about the factors involved in collecting data within the classroom. 

There was a significant increase between the pretest and posttest scores for each pair of 

assessments, which is worth studying in the future. The Group 1 peer-led discussions 

seemed to be very effective to the principal investigator, but changes would need to be 

made to Group 2. One modification to Group 2 would be to ask more direct questions 

for the pretest so that students would be able to practice applying the concepts in their 

justifications without the same level of frustration . Another modification that would 

need to be made to Group 2 would be to find a more efficient way of disseminating the 

student responses to the class to more effic iently use the time in the teacher-l ed 

di scuss ion. 

The most significant design flaw in the study was the amount of time between 

adm ini stering the pretest and posttest assessments. The data suggest that there wa an 

increase in scores between pretest and posttcst scores. but there wa not a large 
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correlation between the pretest and posttest scores. To address thi s problem, concept 

questions could be given at the end of the unit as a review, and the benchmark wou ld be 

given the very next day to increase the correlati on by removing the other factors 

between testing. Another poss ibility would be to give the concept questi ons within the 

unit but to pair each individual question with a benchmark question . The students would 

go thro ugh the treatment with one concept question, and then immediate ly answer the 

paired benclunark question to gauge the effect of the treatment. In addi tion to removing 

the other factors influencing the scores, this would also increase the correlation because 

each pair of questions would focus on an individual concept rather than being a 

combination of questions over multiple concepts from an entire section. Students 

would also be motivated to discuss the question if the initial question was graded on 

participation while the follow-up question over the same concept would be graded on 

correctness. 

It is recommended that the FCI still be given as a pretest and posttest fo r any 

fu ture research so that the research can be compared to other studies. The FCI also 

serves as a good cumulative evaluation of the Newtonian concept of force . The time 

between the pretest and posttest is not as much of a concern as it is with the smaller 

pairs of assessments because it is intended to be a cumulative assessment of how an 

indiv idual' s systematic understanding of fo rce has changed over th length of the study. 

Conclusion 

The study showed a significa nt difference between the pretest and posttest 

sco res fo r all of the assessments, but the lack of a strong correlati on between 

assessments revea led problems with the design of the study that prevent ed an accurat 
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gauge of' the trea tment effec t on each grou p. These prob lems included the tim e between 

the pretests and posttes ts for both gro ups and the lack of a time effic ient method of 

representing the student responses for discuss ions fo r Group 2. The data did not support 

the hypothesi s that there was a statistically significant di ffe rence between the FCI 

pretest and posttest scores for Group 1 and Group 2. The principal investigator believes 

that the peer-led di scussions in Group 1 were more effective than the teacher-l ed 

discuss ions based on the productive discussions observed in Group 1 and the frustration 

observed in Group 2. The peer-led discussions within the Peer Instruction method 

promoted more participation by providing the students with the opportunity to discuss 

the possibilities in small groups. Peer-led discussions exposed the students to many 

more viewpoints than the teacher-led discussions where the students had to answer the 

questions individually. Future research could help clarify what factors affect student 

learning gains, but changes would need to be made to the research design to strengthen 

the correlation between the pretest and posttest scores. The principal investigator 

believes that the implementation of programs, like Peer Instruction, in high school 

physics classes is critical to increasing the conceptual understanding of students. 

Effective classroom research will continue to improve the methods of teaching and 

strengthen the case for the inclusion of student centered learning within the classroom. 
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Appendix A 

Research Timeline 

Syll abus, assent and consent forms , physics binders, and Walking and 
Running Lab 
Walking and Running Lab 
Walking and Running Lab 
Force Concept Inventory Test as a Pretest (Clicker Questions). 
Co llect sy llabus, assent and consent fo rms, and check for physics 
fo lders. 
Average Velocity Over Multiple Intervals 
Average Velocity Over Multiple Intervals 
Converting Between Graphs 
Graph Matching Lab, and Miniquiz over dimensional analysis 
Holiday 
Graph Matching Lab, front side of More Practice with Slope and Area 
Graphs for homework due Thursday, discuss diluting gravity with 
Galileo Lab. 
Collect Data for Diluting Gravity with Galileo Lab and make graphs 
Discuss Diluting Gravity with Galileo Lab and review for Quiz 1 over 
dimensional analysis, position vs. time graphs, and velocity vs. time 
graphs. Work back side of More Practice with Slope and Area Graphs. 
Quiz 1 
Finding the Relationship Between Graphs 
Graphing 1-D Motion (Clicker Questions) , Finding the Relationship 
Between Graphs 
Finding Relationship Between Graphs, Birth of the Kinematic (Motion) 
Equations 
Review Derivations from Birth of the Kinematic Equations, One
Dimensional Motion 
One-Dimensional Motion 2 (Finish fo r HW) 
One-Dimensional Motion 3, Hand out Packet 1 cover sheet 
One-Dimensional Motion 3, Free Fall Lab Inside 
Free Fall Lab Outside and Di scussion 
Review fo r Test 1 over dimensional analysis, graphing, and one
dimensional motion equations, and how to put packet together 
Test l and Packet l (all worksheets due) 
Free Fall Problems 1-D (Clicker Questions), Photogate demonstrati on 
for Free Fa ll , Objects in Free Fall 
Objects in Free Fall 
Graphing free Fa ll Problems 
Graphin g f-ree rai l Problems, Reading Bodie in Motion 
More Free Fa! I Probl ems 
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M I 0-3 
T I 0-4 
w I 0-5 

R I 0-6 
F I 0-7 
M 10-10 

T 10-11 
w l 0-12 
R l 0-13 
F 10-14 

M 10-17 

T 10-18 

w 10-19 
R 10-20 
F 10-21 
M 10-24 
T 10-25 
w 10-26 
R 10-27 
F 10-28 
M 10-31 
T 11-1 
w 11-2 
R 11-3 
F 11-4 
M 11-7 
T 11-8 
w 11-9 
R 11-10 
F 11-11 

More Free Fall Problems 
Benchmark I (C licker Questions) and Quiz 2 
Horizonta l Proj ectil e Moti on Demonstration, llori zontal Projectile 
Motion 
Fa ll Break 
Fall Break 
Horizontal Projectile Motion (Clicker Questions) , Horizontal 
Projectil e Motion Lab 
Vector Exploration 
Vector Exploration 

Ten Steps to a "Proper Resultant" 
Ten Steps to a "Proper Resultant," Projectile Motion with an Angle, 
Demonstration, Projectile Motion with an Angle 
Projectile Motion with an angle (Clicker Questions), Projectile Motion 
with an Angle 
Graphing Horizontal Projectile Motion and Projectile Motion with an 
Angle 
Projectile Motion with an Angle Lab 
Projectile Motion with an Angle Lab, Projecti le Motion Problems 
Projectile Motion Problems, Projectile Motion Reading and questions 
Benchmark 2 (Clicker Questions), Inertial Balance Lab 
Test 2 
Force and Acceleration Lab 
Newton's Tlu·ee Laws, Third Law Computer Demonstration 
Newton's Laws 1-D (Clicker Questions), IF = ma finish for HW 
Professional Day 
IF= ma & angles, False Statements Regarding Newton's Laws 
IF = ma & angles, False Statements Regarding Newton ' s Laws 
Newton's Laws 2-D (Clicker Questions), Free Body Diagrams 
Quiz 3 
IF= ma & angles 2 
IF= ma & angles 2 
Benchmark 3 (Clicker Questions), IF= ma & angles 2 
Force Concept Inventory Post Test 
Parent-Teacher Conferences 
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Appendix B 

Parent Consent and Student Assent Forms 

University of Oklahoma 
Institutional Review Board 

Inform ed Consent to Participate in a Research Study 

Project Title: 

Principal Investigator: 
Department: 

Concept Questions with Peer-led vs. Teacher-l ed 
Discussions in a High School Phys ics Classroom 
Kevin Warren 
Instructional Leadership and Academic Curriculum 

Your child is be in g asked to vo lunteer for this research study. Thi s study is being conducted at 
High Schoo l. Your child was se lected as a possible participant because he or she 

is in Mr. Warren 's physics c lass this semester. 

Please read this fo rm and ask any questions that you may have before agreeing to allow your 
child to take part in this study . 

Purpose of the Research Study 

T he purpose of this study is to compare a class with peer-led di scuss ions versus a class with 
teacher-led di sc uss ions. T he study will compare the learning gains fo r students in each group 
on the Force Concept In ventory and the benchmark tests. Both classes wi ll have the same labs. 
worksheets, and tests, but the method of di scussing the concept questions w ill be different for 
the two different gro ups. 

Number of Participants 

About 100 people will take part in thi s study. 

Procedures 

lf you agree to a llow your child to be in thi s study, then you or your child w ill not have any 
add itiona l requirements. By agreei ng to a ll ow your child to pa1ticipate you are agreeing to 
a llow your child 's scores on the Force Concept In ventory and the benchmark tests to be 
reported in th e study once the scores have been assigned to a random number to protect the 
identity of yo ur child , the participant. 

Length of Participation 

The study wi ll be conducted durin g e leven weeks of the Fall 20 11 -201 2 school yea r. The 
ass ignment to the grou ps is based on whi ch hour your chil d has the class. 

This study has the following risks : 

Since both groups are coverin g the same material there hould be no additional ri k for your 
child . 
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Benefits of being in the stud y are 

that students in both groups vvill pend time di cu ing the major concepts from the class during 
the norma l class peri od parked by [ ri c Mazu r's conceptual question from hi Harvard phy ic 
c las . 

Confidentiali ty 

In published reports, there wi ll be no information inc luded that will make it poss ible to identify 
your child without your penn is ion and yo ur child' s permiss ion . Resea rch records will be stored 
secure ly and onl y approved re earchers will have access to the record s. 

There are organizations that may inspect and/or copy your research records for quality 
assurance and data analys is. These organ izations include the Instructional Leadership and 
Academic Curriculum Department and the OU Institutional Review Board. 

Compensation 

Your child will not be reimbursed for hi s or her time and pa1t icipation in th is study. 

Voluntary Nature of the Study 

Parti cipation in thi s study is vo luntary. If you withdraw or dec line your child' s participation, 
yo ur child will not be penalized or lose benefits or services unrelated to the study. If you decide 
to allow your child to pa1t icipate, your child may decline to answer any question and may 
choose to withdraw at any time. 

Request for record information 

If you approve, your child 's confidenti al records will be used as data for this study. The records 
that will be used include GPA, gender, age, and math classes taken. These records wi ll be used 
fo r the foll owing purpose(s): All records will be used to correlate or see how much ce1tain 
variables account fo r the resul ts by grouping students with similar GPA, math classes, or other 
variables. 

l agree fo r my child 's schoo l records to be accessed and used fo r the purposes 
described above. 

J do not agree fo r my child' s school records to be accessed for use as research 
data. 

Contacts and Questions 

If you have concerns or complain ts about the resea rch, then Mr. Warren can be contacted 
through email at or by hone at . Timothy Laubach 
the facu lty adv isor from OU can also be contacted at or by phone at -
111. 
Contact the researcher(s) if you have questions or if your child has experienced a 
research-related injury. 

If yo u have any question s about your chi ld 's ri ghts as a resea rch parti cipant, concern . or 
comp laints about the resea rch and wi sh to talk to someone other than indi viduals on the 
resea rch team or if you ca nnot reach the resea rch team, you may contact the ni\ crsity of 
Ok lahoma - Norman Ca mpus Institutional Review Boa rd (0 - IRB) at 405- 2_ -8110 or 
irb 

7
ou .edu . 
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You will he given a copy <~/this information to keep for your records. If you are not given a 
copy of this co11se11I j(Jrm, please request one. 

Statement of Consent 

I have read the above information. I have asked questions and have received sati factory 
answers. I consent to a ll ow my child to participate in the study. 

Student Name 

Parent Signature Date 
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Unive rsity of Oklahoma 
In stitutional Rev iew Boa rd 

Student Assent to Participate in a Resea rch Study 

Project Title: 

Principal Investigator: 

Concept Questions wi th Peer- led vs. Teacher-led 
Discussions in a I ligh School Phys ics Classroom 
Kevin Warren 

Department: Instructional Leadership and Academic Curriculum 

You are be in ° asked to vo lun teer fo r thi s resea rch study. This study is being conducted at 
High Schoo l. Yo u were se lected as a possib le partic ipant because yo u are in Mr. 

Warren' s phys ics class this semester. Please read thi s fo rm and ask any questi ons that you may 
have before agree ing to take part in thi s study. 

Purpose of the Research Study 

The purpose of this study is to compare a c lass with peer-l ed di scussions versus a class with 
teacher-led di scussions. T he study wi II compare the learning ga ins fo r students in each group 
on the Force Concept Inventory and the benchmark tests. Both c lasses will have the same labs, 
worksheets, and tests, but the method of d isc uss ing the concept questions will be different for 
the two different groups. 

Number of Participants 

About I 00 peop le will take part in thi s study. 

Procedures 

If you agree to be in thi s study, then you will not have any additional requ irements. By 
agreeing to participate you are agree ing to a ll ow your scores on the Force Concept Inventory 
and the benchmark tests to be repo11ed in the study once the scores have been assigned to a 
random number to protect your identity . 

Length of Participation 

T he study will be conducted during e leven weeks of the Fa ll 2011-201 2 schoo l year. The 
ass ignm ent to the groups is based on the hour of your c lass . 

This study has the following risks: 

Since both gro ups are covering the same materi a l there should be no additional risk. 

Benefits of being in the study are 

that stud ents in both groups w ill spend ti me di scuss ing the major concepts fro m the class durin g 
the norma l c lass period sparked by Eri c Mazu r ' s co nceptua l questions from his Harvard phys ic 
c lass. 

Confidentiali ty 

In publi shed reports, there wi ll be no informati on inc luded that wil l make it possible to identify 
yo u w ithout your permi ss ion. Resea rch record will be tored securel y and onl y approved 
re ea rchers wi 11 ha ve access to th e reco rd s. 

95 



There are orga ni zations that may inspect and/or copy yo ur resea rch record fo r qua li ty 
a surance and data analys is. These orga ni za ti ons inc lude the Instructional Leader hip and 
Academic Curr iculum Department and the OU Institutional Rev iew Board . 

Compensation 

You will not be reimbursed for you r time and participation in thi s study. 

Voluntary Nature of the Study 

Participat ion in thi s study is vo lun tary. If you withdraw or decline pa11icipation, yo u will not be 
penali zed or lose benefi ts or services unrelated to the study. If you decide to participate, you 
may dec line to answer any question and may choose to withdraw at any time. 

Request for record information 

If you approve, your confidential records will be used as data for this study. The records that 
will be used include GPA, gender, age, and math classes taken. These records will be used fo r 
the fo llowing purpose(s): All records will be used to correlate or see how much certain variables 
account fo r the resul ts by grouping students with similar GPA, math classes, or other variables. 

I agree fo r my schoo l records to be accessed and used for the purposes 
described above. 
I do not agree fo r my school records to be accessed for use as research data. 

Contacts and Questions 

If you have concerns or com lain ts about the research Mr. WaITen can be contacted through 
email at or by phone at . Timothy Laubach the 
fac ulty advisor fro m OU can also be contacted at or by phone at -
111. 
Contact the researcher(s) if you have questions or if you have experienced a research-re lated 
111J ury. 

If you have any questions about your ri ghts as a research participant, concerns, or complaints 
about the research and wish to talk to someone other than individuals on the research team or if 
you cannot reach the research team, you may contact the University of Oklahoma - Norman 
Campus Institutional Review Board (OU-NC IRB) at 405-325-8110 or irb@ou.edu . 

You will be given a copy o,f this i,~formation to keep.for y our records. ff you are not given a 
copy of this assent.form, please request one. 

I have explained the study to ___________ (prin l name of child here) in language 
he/she can understand, and the student has agreed to be in the study. 

Signatu re of Student Date 

Signature of Person Conducting Assent Di scuss ion Date 

ame of Person Conducting /\ sscnt Di cuss ion (prinl ) 

96 



This volume is the property of the University of Oklahoma, but the literary rights of the author 
are a separate property and must be respected. Passages must not be copied or closely paraphrased 
without the previous written consent of the author. If the reader obtains any assistance from this vol
ume, he must give proper credit in his own work. 

I grant the University of Oklahoma Libraries permission to make a copy of my thesis upon the 
request of individuals or libraries. This permission is granted with the understanding that a copy will 
be provided for research purposes only, and that requestors will be informed of these restrictions. 
NAME 

DATE 

A library which borrows this thesis for use by its patrons is expected to secure the signature of 
each user. 

This thesis by KEVIN WARREN has been used by the following 
persons, whose signatures attest their acceptance of the above restrictions. 

NAME AND ADDRESS DATE 
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