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ABSTRACT 

 Student engagement has been an issue plaguing modern classroom across the 

country. Students who struggle academically tend to lack motivation to be an active 

participant in the classroom causing them to fall further behind, thus creating a positive 

feedback loop in which students that struggle become less and less involved in the 

classroom. Competition, despite its occasional negative press, can be a positive motivator 

for people and in particular students. This study investigated whether competition in 

various labs throughout a conceptual physics course positively impacted student 

engagement in the classroom. This study also investigated the effects of competition on 

student comprehension as well as its effects on the student’s general attitude towards 

education. The results indicated that controlled, or adaptive competition increased 

student’s engagement in the conceptual physics classroom and also positively impacted 

their attitudes towards school and their understanding of physical science on the 

conceptual level. 
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INTRODUCTION AND BACKGROUND 

 I teach at Lewiston-Altura High School, a public high school in southeastern 

Minnesota. It is a small, rural school district with a 9-12 enrollment of 235 students. The 

high school is located in the town of Lewiston, which has a population of 1,620 people. 

The majority of the economy of the district comes from agriculture. The district is 90% 

white with the rest being predominantly Hispanic. In 2016, 48% of the students in the 

district scored proficient on their science standardized test. I have been the biology 

teacher for the high school for the last six years and have also taught physics classes for 

the last three school years. 

 The competitions-based techniques employed in this study were tested on a 

section of Conceptual Physics students. The class consisted of 20 juniors and seniors. Of 

the class, 60% of the students are on free and reduced lunch, compared to the school rate 

of 35% (Vickie Speltz, personal communication, October 9th, 2017), indicating that 60% 

of the students are near or below the poverty line. Five students are on either an IEP, and 

individual education plan, or a 504 plan, a tool used to help students with mild learning 

disabilities, both of these are indicative of students needing special education services. 

The average GPA for the class is 2.28 out of a four-point scale. In the conceptual physics 

class, 18 of the students are Caucasian, one is Hispanic, and one is African American.  

 Conceptual physics is a class that I have created in order to accommodate to our 

students who need to fulfill the state requirements for science, yet do not have much 

desire to go into a science related field or a traditional four-year college. In 2015, the 

state of Minnesota began requiring students to take either physics or chemistry in order to  
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graduate. The first year of this mandate my school offered chemistry in the community as 

a way to fulfil this requirement. That particular class, taught by my colleague Emily  

Zinck was not conducive to our students and their learning styles. There was little appeal 

to our more kinesthetic learners. As a result, I created conceptual physics as an alternative  

option to better serve our student population. Many students in the class have struggled in 

their freshman and sophomore science classes. The students in general tend to be more 

mechanically inclined as several come from agricultural families or work jobs that are 

centered around manual labor. In the class we tend to focus on the general concepts of 

Newtonian physics and apply some algebra-based math to physics problems.  

 While looking for ways to engage more students in class and teach physics 

through model making, I was given a series of labs from my colleague Emily Zinck who 

teaches traditional the physics class at Lewiston-Altura. The labs, called Junk Box Wars, 

involved using an assigned variety of everyday objects, in order to build a machine 

capable of the given challenge. Examples include, building rubber band and moue-trap 

powered cars, catapults and parachutes. This is the kind of project that resonates with the 

population of students that typically take conceptual physics. 

 In addition to model making in labs, I was looking for more ways to engage 

students in science education. Science offers all students, regardless of their ability level, 

valuable tools to use in life. The students in my conceptual physics class may not 

necessarily benefit from the content of physics, but may benefit from learning of the 

scientific process, team work skills and setting goals to work towards that are tangible. I 

found the answer engaging students in my track and field program. I am currently the  
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head track and field coach for the boys and girls at my high school. I have coached the 

boys for the past five seasons. In track, I keep records of and post several  

statistics of our team. Over the years I have noticed that athletes gravitate towards the 

record boards and like to compare themselves to other athletes on the team or to the top 

ten performers that I have coached. This is a constant source of motivation for my 

athletes, the feeling of adaptive competition in practice and meets. During my six years of 

teaching I have also seen many similar outcomes in student engagement when games or 

competition are involved. For the last few years I have handed out small awards for 

winning review games, doing well on tests, and having all missing work turned in. This, 

in turn, creates much more enthusiasm and engagement in the classroom. 

On top of my experience coaching track and field, I also gained some motivation 

from reading and listening to Po Bronson’s work, Top Dog. In the book, Bronson 

investigates the effects of competition in a variety of settings. Bronson argues that we, as 

a society have attached a negative connotation to the idea of competition and that we 

have ignored the positive effects of adaptive competition. Adaptive competition, as it is 

defined by Bronson, is fair competition, or competition where both parties have a chance 

to succeed. Similarly, students that are equally matched tend to do quite well when placed 

in a competitive group of their peers (Carrell, 2009). However, it is important to point out 

that large gaps in ability can create maladaptive competition or competition that actually 

lowers performance (Brown, 2011).  Adaptive competition is what I directly encourage 

on my track and field team. I felt the need to apply this approach to my conceptual 

physics class, as a way to motivate students. 
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 Using this experience, I saw a way I could incorporate this into my classroom. 

This lead to the formation of my focus statement of, “how can competitive labs influence  

student engagement in the classroom?” In addition, the following follow-up question was 

also addressed, “how do competitive labs affect formative assessment scores?” To 

research these questions, I have developed a mixed methods action research plan. 

CONCEPTUAL FRAMEWORK 

 Apathy and student engagement have been struggles for a multitude of modern 

classrooms. There are several ways that researchers and teachers are trying to combat 

this. From gamification to project- based learning, professionals are looking at more ways 

for the students to take ownership over their own education. Yildirim Ibrahim recently 

looked at the effects of gamifying lessons with university students in his Elementary 

Mathematics Education classes. His goal was to study “student achievement and attitude 

towards the lessons” This is essentially turning the classroom into a game board, having 

students compete against each other and the system. Ibrahim used the follow principles of 

gamification to design his lessons. Table 1. 

1. Knows that the lesson is actually a game and succeeds in finishing the game by 

completing the tasks. 

2. Is aware of the advancement structure and fulfills the requirements. 

3. Cooperates with friends inside and outside of the class. 

4. Is more successful in a favorable competitive environment. 

5. Knows what is required to earn points and earns points by putting his/her knowledge into 

practice. 

6. Knows what is required to earn experience points (xp) and earns experience points by 

putting his/her knowledge into practice. 

7. Knows what is required to level up and levels up by putting his/her knowledge into 

practice. 

8. Knows what is required to earn badges and earns badges by putting his/her knowledge 

into practice. 

9. Knows what is a leaderboard and makes efforts to advance in the league. 
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This kind of gamification of the classroom has become a popular trend in 

education. The lessons consisted of achievements, badges, leaderboards and voluntary 

work outside of class. The top five principles were principles that could be applied 

towards making competitive labs in the conceptual physics class. What Ibrahim found 

was that student achievement rose slightly, 5-6%, as did the attitudes towards his class. 

While gamification has been proven as a positive motivator in education it is often a big 

undertaking, requiring educators to change large portions of their curriculum in order to 

structure a gamified classroom. The driving factor of gamification competition. 

Competition can easily be incorporated into the classroom without the need to build an 

entire curriculum around it.  

There were several studies showing the effects of competition on achievement. 

One of the key things to consider in the studies was not only the effects but what kinds of 

competition lead to success and what kinds were more harmful than no competition at all. 

Corbett (2012) examined how various forms of competition led to varying results in 

cycling. During the study participants completed a 2,000m time trial. From there the 

participants completed a second time trial with a computer-generated biker on the screen 

to “race against” in reality the other biker was a computer-generated version of their 

previous time trial, but contestants who believed that in fact it was a head to head 

competition. The study concluded that head-to-head competition improved the 

participants’ performance. 

 However, there is a common theme when researching competition and that is 

adaptive competition versus maladaptive competition. Adaptive competition has been  
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found to increase performance as a whole whereas maladaptive competition can 

drastically reduce performance. There are several conditions where adaptive competition 

can turn into competition, Po Bronson points this out in his book, Top Dog: The Science 

of Competition. Maladaptive competition can happen when the competitors are not 

evenly matched. Humans have an innate sense of fairness and once an unfair situation in 

detected most people shut down and no longer strive to compete. Another factor that can  

lead to maladaptive competition is when there are too many competitors. Corbett saw the 

best results when they practiced head to head competition, Garcia and Tor (2009) studied 

the opposite of this effect in “The N-factor: More competitors, less competition”. This 

article looked at a variety of samples including social comparisons and SAT test scores. 

They found that increasing the number of students taking the SAT at a testing site 

decreased the group’s average. In general, they discussed how standardized tests such as 

the ACT and SAT are poor competitive tests because of many factors, one being numbers 

of competitors, two being the timeliness of the feedback and three being not being able to 

see or know who the competition is against. The study also looked at testing speed in a 

controlled setting and found that students given the goal of trying to finish in the top 20% 

of their class completed the quizzes much faster if told that their class size was 10 

students versus 100 students (Garcia, 2009). Ultimately this shows competition not only 

has to be fair, but it also has to be localized. People are more likely to benefit from 

competition when that competition occurs in a comprehendible group size. 

Looking at student engagement can be a tricky process. Every teacher can tell 

when students are engaged or not in their classroom, but it is tricky to measure this on a  
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long term scale. Sinatra, et. al. looked at this dilemma in their paper, “The Challenges of 

Defining and Measuring Student Engagement in Science” (2015). The group breaks 

engagement down into four different types of engagement; behavioral engagement, 

emotional engagement, cognitive engagement, agentic engagement. The first three types 

all describe a scenario in which students are reactive to their environments. The authors 

discuss agentic engagement as students taking the initiative or lighting their own fire so 

to speak. The group also suggested a blend of two measures for engagement. Firstly, it 

has to be determined what engagement looks like and which of the four realms of  

engagement is being observed. Secondly, a researcher must use both the power of 

observation as well as use student surveys in retrospect. From there they suggest a 

continuum of observation, so it is not merely if a student is engaged or not but ranking 

that student on a scale.  

 It is clear to see that there is a correlation between adding some level of 

competition and increased individual and group performances. Many institutions have 

started to incorporate some of these themes into campus life. Ivy league schools and 

military academies alike have begun to pay attention to how they group their incoming 

students. What they have found is that groups that are grouped together of similar ability 

levels tend to push each other and compete for success, ultimately enhancing not only 

their own performance, but also the group’s achievement level (Carrel, 2009). 

Conversely, groups that contained a large achievement gap tended to struggle (Brown, 

2011). The students in the lower half of the class were discouraged by their superior 

classmates and the students in the top half of the class became lazy and were not  
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challenged by their discouraged peers (Angrist, 2009). This is a parallel set up to the 

conceptual physics classroom. At Lewiston-Altura High School these students would 

have been assigned courses and classmates at random for science class beginning as 

elementary school students all the way until their 10th grade year. Conceptual physics for 

many is the first time they have been grouped with very comparable classmates at both an 

achievement and motivational level. This sets a level playing field for adaptive 

competition for labs and assignments in the classroom. 

 Competition alone can be a risky motivator for students and people alike. A class 

of 20 individuals competing against one another would produce 1 winner and 19 losers.  

This can lead to feelings of helplessness and isolation, both of which can lead to a total 

loss of engagement or motivation. While a handful of individuals would continue to 

thrive a large portion of the class would become frustrated and elect to put even less 

effort in (Medvec, 1995). This is why it is crucial to create teams for competitions. We 

see this in sports numerous times. The top third of motivated individuals on the team 

would compete and be successful regardless of the team aspect. It is the bottom two-

thirds of the motivated individuals that only really invest time and effort when they feel a 

part of a team (Erev, 1993). The same can be applied to the conceptual physics 

classroom. Many would excel on an individual level but to engage the largest number of 

individuals it is crucial to include the team aspect. Not only does it promote competition 

and engagement it also helps develop crucial interpersonal skills and can give students a 

sense of belonging (Walton, 2012). 
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Adaptive competition can have positive impacts and enhance participation and 

achievement in a variety of activities. In order to tap into those benefits in education 

certain guidelines must be met. The students competing with one another must be 

similarly skilled. A minimal achievement gap keeps students from being discouraged by 

far more successful peers. Competition sizes should be small. The human brain responds 

better to smaller fields of competitors versus hundreds of competitors. Also perceived 

fairness is important to establish a healthy competitive atmosphere. Students have to 

believe that the playing field is at least close to level. It is also critical that the students 

are not solely evaluated on where they rank in the class. It is important to keep their rank 

among their peers as a small portion of their score leaving the bulk of the points in other 

categories evaluating their proficiency and effort. For example, points for completing the 

project requirements and working together as team should outweigh their rank in the 

class. These things together are essential for successful competition.  

METHODOLOGY 

The purpose of this study was to determine the effect of competition-based labs 

on student engagement in the conceptual physics classroom and secondarily the effects of 

those labs on science comprehension. Students competed against each other periodically 

throughout the class and given assessments as well as surveys to determine the 

effectiveness of that competition. The data triangulation matrix is shown below (Table 2). 

Table 2  

Data Triangulation Matrix 

Focus Question Data Source 1 Data Source 2 Data Source 3 

Primary Question: Likert Survey 

responses 

Post treatment 

student interviews 

Anecdotal 

Observations and 
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Will student 

engagement be 

directly impacted by 

use of competitive 

labs in the 

classroom? 

Student 

Interviews 

Secondary Question: 

Will student 

achievement be 

directly impacted by 

use of competitive 

labs in the 

classroom? 

Pre and post 

treatment 

assessments 

Likert Survey 

Responses 

Post treatment 

student interviews 

 

Study Demographics 

In the study, 20 Lewiston-Altura high school conceptual physics students 

participated in this study. Of the 20 students 12 or 60% are on free and reduced lunch, 

indicating that 60 % are near or below the poverty line. Five students are on either an 

IEP, Individualized education plan, or a 504 plan, a plan used to help students with a 

learning disability. The average GPA for the class is 2.28 out of a four-point scale. 18 of 

the students are Caucasian, one is Hispanic and one is African American.  

Students living in the Lewiston – Altura School District are generally exposed to 

a blue-collar lifestyle. It is an old town, established in the late 1800’s and currently has a 

population of 1,620 people. The town relies primarily on agriculture for its economy. 

Dairy, Corn, Soy Beans and beef are primarily grown and harvested. Many students in 

my classroom have connections to the agricultural community, either working on a farm 

or living in a family that owns some farm land.  
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Treatment Description 

The treatment period began in mid-fall with our Newtonian motion unit. The 

study ran through the end of the quarter, covering a total of two units. Students were 

given a pretest and a prelab survey (Appendices B and C) before starting the competitive 

lab. Students were then given the parameters of the lab, their rubric and their tray of 

supplies. The different labs varied in length of time, supplies used, task to be completed, 

and group size. After the competition of the lab, students were then asked to take a 

posttest as well as another survey.  

The competition would start by giving students the parameters of the lab. Student 

would be told, (1) what the goal or objective of the lab would be (2) what and how many 

supplies they would be given to use (3) how the competition would be structured and 

finally (4) a rubric describing the grading process and how they would earn points on the 

projects. Students were then allowed to divide themselves as they wished into groups of 

no less than two and no more than five. Each group was given a tray of materials to use 

for their model or project and groups were shown the competition area or requirements, 

sometimes this was a ramp their car had to drive up, or the target for an egg drop 

parachute, etc. The groups were then given varying amounts of time to work on their 

projects. Some projects, such as the mouse trap cars, were given multiple periods for  

students to build and test before having the competition. Other competitions might exist 

entirely in a single 80 – minute class period.  

As the students brainstormed, built and tested their projects, I would be available 

in the lab to answer questions or to clarify rules of the competition. I purposely never  
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offered much help to groups. Occasionally, if I felt a group was very far behind or 

becoming frustrated in the process I would give them a few small pointers to help them 

get moving in the right direction. Students were also encouraged to do whatever research 

they wanted to for their projects. During the building process students put their projects 

through several tests resulting in the students making dozens of small alterations and 

fixes in order to try to build the best model that they could. At the end of each work day I 

collected each groups model to ensure that no additional parts were added. 

For competitions, students were given a certain amount of time and a certain 

number of trials that they could compete in. I would give the students a deadline as to 

when they needed to be ready to compete. At that point all supplies were put away and 

everyone in the class would move to the area of competition. Oftentimes, this would be 

the hallway or the front of my room, but it could also include the gym or an area outside. 

During competition one group would go at a time while the other groups watched. I 

would announce the time, distance or score that each project achieved to the whole class. 

After their initial trial students were given a short amount of time to fix or make small 

modifications to their project, maybe a piece of tape here and there and fixing the angle 

of the wheels etc. After their final test I would give the students a score based on what  

was laid out in their rubric. At this point in time students would complete some follow up 

questions and deconstruct their projects. 

Data Collection and Analysis Techniques 

To collect data on student engagement students were asked to complete the same 

survey throughout the study (Appendix D) The survey was distributed before  
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participating in the competitive lab and once the competition was completed. The survey 

consists of a variety of statements on which students scored themselves on a Likert scale, 

1 Strongly Disagree, 2 Disagree, 3 Neutral, 4 Agree, and 5 Strongly Agree. The 

statements were chosen to reflect a variety of factors to show how engaged students are 

in the science classroom and the effectiveness of the labs. The results from all of the 

surveys were then compiled to reflect a class average of scores as well as the standard 

deviation. The data collection instruments are illustrated in the table below. 

Prior to completing the survey, students were given a pretest of the concepts being 

tested (Appendix 2). These pretests did not count towards students grades and were often 

designed to be conceptual. The tests consisted of mainly multiple choice or true-false 

questions and very little math. The test were taken prior to the Junk Box War labs. The 

same test was taken the day after the Junk Box War lab and evaluated as a posttest.  

For the study I used our Junk Box War labs and added a competitive component 

to the grading rubric. Students were given rubrics for each project which included several 

categories including; teamwork, being on task, design, uniqueness and the final category 

was related to how well their model compared to the rest of the class’s (Appendix E). A 

portion of the student's grade was determined based up their rank among their classmates. 

Other parts of their grade promote skills that should lead them to a successful test. 

DATA AND ANALYSIS 

 Students were evaluated for two different parameters, One, does competition 

affect student engagement in the science classroom and, two, does competition affect  
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student achievement in the classroom. The results from the assessments and surveys are 

shown below.  

The conceptual assessments tested the students on a variety of skills. Mainly, (1) 

how objects interact related to each other, (2) how altering the inputs of a given scenario 

can affect other variables, and (3) general knowledge of the physical science concepts at 

hand. The results indicate an increase of students’ conceptual understanding of the 

interaction of physical objects by an average of 49.6% and 23.8% for the two units 

covered. While the median increase from 42% to 70 % in Unit 1 and from 44% to 56% in 

Unit 2. Both gains were determined to be significant when running a paired t-test. Unit 4 

with a p-value of .0015 and Unit 5 with a p-value of .0037 are both considered to be 

significant growth. Now, while these appear like large increases, it should also be noted 

that some of the material was covered during the course of the labs as student questions 

0

2

4

6

8

10

12

14

16

18

20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

N
u

m
b

er
  o

f 
C

o
rr

ec
t 

R
es

p
o

n
se

s

Student Number

Figure 1. Pre (blue bars) and post (red bars) test assessment scores Unit 4 assessment scores. 

Students 4,6, and 10 were absent for testing. Scores were out of 20 possible points. 
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came up on  various topics. Figure 1 and 2 show the results of the pretest and posttest for 

the students who participated in both.  

Survey Responses 

Much can be gleaned from the survey responses given throughout the unit. 

While the students showed a very slight increase from their original attitude of “I feel 

engaged in science class” normalized gain of 5.5%. Using a paired t-test we see get a p 

value of .19, indicating that it is insignificant growth. The largest gains made were in the 

reflective questions of, “I like school.” “I do well in science class” and “Labs help me 

understand the content.” with normalized gains of 18.8%, 22.3% and 15.1% respectively. 

Survey responses to the question, “I do well in science class” show significant gain.  

Figure 2. Pre (red bars) and post (green bars) treatment assessment scores. Students 7 

and 13 were absent and their scores have been excluded. Assessments were out of 16 

possible points. 
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When using a paired t-test a p-value of .006 was achieved, indicating that in fact the 

growth was significant. Answers to the question, “I feel like the labs we do in science 

class help me understand the content” Also showed significant gains. When using a 

paired t-test the results indicate a p-value of .019, indicating significant gain. The rest of 

the results do not have significant growth. Two categories showed regression throughout 

the course of the treatment. “I like working in groups.” regressed 2.4% and “I am bored a 

lot in school.” increased 5.6%. figure 3 below shows the mean of the class responses to 

each questions, neither were determined to be significant. 

 

 

Figure 3. Average of student survey responses gathered before the treatments and after 

the treatments. A 5 represents Strongly Agree. A 1 represents Strongly Disagree. 
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More telling than the average gains found in student responses is the increase in 

the number of students that either agreed or strongly agreed about topics related to 

involvement and success in school. The question, “I feel like I try my best in science 

class” went from nine responses of neutral or below down to six. “I like school” went 

from 16 responses of neutral or below down to 11. “I feel engaged in science class” went 

from 11 neutrals or below down to seven. “I do well in science class” had six “Disagree” 

responses pretreatment and zero responses for either ‘disagree’ or ‘strongly disagree’.  

Figures 4 and 5 illustrate the quantity of response in the pre and post treatment surveys.  

 

0 2 4 6 8 10 12 14 16 18 20

I like School

I get good grades in school

I like science classes

I do well in science classes

I like the labs we do in science class

I feel like I try my best during science class

I feel that the labs we do in science class help me…

I am bored a lot in science class

I feel engaged in science class

I am a competitive person

It's fun to design and build things

I like working in a group

PreTreatment Survey

Strongly Disagree Disagree Neutral Agree Strongly Agree

Figure 4. Quantitative list of student survey responses taken pretreatment. Strongly 

Disagree, indicated by a red bar and furthest to the left on the graph. Strongly Agree, 

indicated by a blue bar furthest to the right on the graph. 
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INTERPRETATION AND CONCLUSION 

 The goal of the research project was to determine the effect of competitive labs on 

student engagement and comprehension in the conceptual physics classroom. From the 

interviews, pre and post treatment Likert data and conceptual assessments it is clear that 

students enjoyed school and science class more so when competitive labs were used. 

Surveys and interviews showed that students enjoyed coming to school, specifically 

science class more once the competitive lab portion of the class began. Students also felt 

more confident in their physics skills illustrated by the 22.3% gain in responses from the 

question, “I do well in science class.” 

Figure 5. Quantitative list of student survey responses taken post-treatment. Strongly 

Disagree, indicated by a red bar and furthest to the left on the graph. Strongly Agree, 

indicated by a blue bar furthest to the right on the graph. 
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From the pre and post treatment Likert data it is clear that the students did not 

become more competitive or in the least did not feel that they identified as a competitive 

person any more so than they did before the treatment started, with only a 2.6 % increase. 

This disconnect illustrates the effect of competition itself. The competitive labs made 

students more excited to come to class however they themselves did not feel that it turned 

them into a competitive person, rather just help them enjoy science class and school. 

Beyond the quantitative data there were other noticeable improvements in the 

classroom dynamics of the group. As the treatment progressed there were large gains in 

comradery with the groups. Not only were students more comfortable with the groups 

that they were working in, but they also felt a connection with the groups they were 

competing against. Certain groups would gain reputations for being the first group done, 

or being the most creative group, or being a group that came up with successful models. 

Students enjoyed this sense of identity and began to take pride in their work as a result. 

This is a benefit that would typically be missing, or much less obvious, with traditional 

labs in the science classroom. 

In addition to taking pride in their work students also achieved a greater 

understanding of the content. Substantial gains from pretest to posttest indicate that 

students comprehended lessons they learned while building their models and participating 

in class. Many students also wrote in their surveys, “The hands-on nature of the labs 

helped me understand the material better.” As a result of spending so much time building 

working models and competing with classmates, there was better student comprehension 

of mechanics. 
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The boys in the class seemed to respond tremendously to the treatment. 

Throughout the country, boys tend to struggle more with the current form of education. 

The study group exemplified this. Many of the boys sampled have struggled historically 

in science class and other classes throughout the day. During the course of the treatment, 

it became more and more apparent that the boys were becoming more interested in 

science class. For instance, the class had a day at the end of the year in which we had 

some extra time. I gave the students the option to watch a movie or participate in another 

Junk Box War, the class overwhelming chose the Junk Box War. Many students on that 

particular project spent time outside of the school day to come into the classroom to work 

on this project that was optional. I highly doubt this would have been the case had this 

been a traditional lab.  

Adding competition to class rooms labs is a noisy process, both literally and 

figuratively. On the positive side students bring a lot of energy to class creating exciting 

competition days and events that students are passionate about in the physics classroom. 

The negative is also true. Group dynamics in the high school setting can change week to 

week even day to day. Throughout the project, students had some authentic conversations 

within their groups, not only about specific physics concepts but also about effort and 

ability. A project that does not function that way it is supposed to is a major source of 

frustration. High school students do not always know how to handle that frustration. This 

simulates real life situations for the students and forces them to learn how to cope and 

communicate with their peers while working towards a common goal. 
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Ultimately, through these competitions students became more confident in their 

own abilities and were more engaged in the school year. Conceptual physics took place 

from April to January. Typically, students are less excited about education as that first 

semester carries on, in this study I saw the opposite. Frequently, in response to survey 

questions students would write in, “The labs are a lot of fun”. Or students would respond, 

“The labs are awesome and I like competing in class.” This shows that some of those 

same students that have historically not enjoyed or experienced success in school were 

enjoyed some aspect of education. Some students even took and optional competition lab 

home over winter break so they could work on it. These are students that typically hate 

school taking extra work home because they enjoy it.  This is the most important part of 

this study, the ability to motivate hard to reach students and give them the opportunity to 

experience success in the science classroom. For many, this was the first time that they 

enjoyed the educational process. 

VALUE 

Conceptual physics classes tend to be students who are not strong in science or 

students that struggle in general academically. Many students in conceptual physics are 

often bored in science classes and in their other core classes. Competitive labs are a way 

to open up the science classroom to a broader range of students. Students are learning 

principles of physics, clearly from their increase in exam scores, without directly 

focusing on those points. Students are able to engage other parts of the brains while 

working together as a group to solve a common problem, doing so against other 

classmates gives the extra incentive they need to generate excitement over the project.  
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This is evident in the last day before the end of winter break. Students were told there 

would be a video for the day and the students instead begged to have another Junk Box 

War instead. Beyond the improvement in test scores this is the kind of activity that gets 

the students that struggle to come to school every day interested in a class. 

In addition to attitudes about class in general students were more excited to come 

to school. Several students scheduled appointments and absences around conceptual 

physics class. From the survey results it was clear that the students had a more positive 

view and outlook in regards to their education. Competitive labs gave students who were 

traditionally poor science students and gave them a reason to look forward to science 

class. In general, students who struggle in the traditional school setting benefit from 

including adaptive competition in the classroom. Students become more interested and 

more motivated when presented with a challenge or a chance to compete rather than 

simple completing a task.  

After this study there will be definitely be a place for competition in all of my 

classes in the future. Doing this, I have seen the effects of competition on student 

engagement. For many students this gives incentive to participate in class, develop an 

understanding of the topics and be able to apply those principles. Beyond the impacts at 

an academic level I have seen great value in group competitions on a personal level for 

students. Many students seemed to come to class with a purpose on days they knew they 

were competing. On more than one occasion students would be knocking on my door 

during lunch to start working on their science projects. These are students that are in the 

class because they have historically struggled in science and yet they are searching out  
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extra time to commit to the class. Some themes of this motivation can be used in a variety 

of courses and aspects in life.  

 In addition to the growth that can be seen in individual skills a great benefit to 

group work, specifically group competitions are developing teamwork skills. As a coach I 

have always believed that sports have a much deeper benefit and purpose than just wins 

and losses. Team sports can develop a multitude of skills that can benefit a person 

throughout life. Developed this sense of teams or groups in the classroom has shown 

similar benefits. Students that would never participate in a group event now have a 

chance to develop inter personal skills that will only benefit them as they continue to go 

through life. To me, that is the biggest benefit of competing as teams in class. Students 

develop skills that are vital to working together, not only in the classroom but in society 

and in life.  

Investigating competition in the classroom has been an eye-opening experience. It 

was incredible to see the students’ reactions to adding something as simple as a little bit 

of competition against their peers. Not only did it get some students a little bit out of their 

comfort zones, but it also gave students an avenue to open up in front of the class and 

gave them some success in a subject they had never experienced success in before. As a 

teacher I will continue to look for more ways to incorporate elements of adaptive 

competition into my curriculum in a variety of classes and will continue to promote it to 

other areas of education. Adaptive competition appears to be an effective tool to make 

science class and education relevant to some students that are typically hard to reach.  
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As new educator I always saw myself teaching advanced classes. Out of college, I 

had thought I would be teaching those upper level classes to those honors-type students. 

To be honest, I had always thought teaching a conceptual level class was beneath me. 

After, completing this study and having a couple of years under my belt as an educator I 

find the opposite being true. I thoroughly enjoy working with conceptual physics type 

students every day. This study truly opened my mind and showed me that these students 

are not necessarily dumb and lazy but that the education system has left them behind and 

or the students are more focused on something else in their lives. Adding competition to 

the classroom showcased the best features of these students and gave them a way to be 

successful and take pride in their education.  
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INSTITUTIONAL REVIEW BOARD EXEMPTION 
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APPENDIX B 

UNIT 4 – CONCEPTUAL PRE AND POST TEST 
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Student ID Number ____________  

 

Participation in this research is voluntary and participation or non-participation will not affect a 

student’s grades or class standing in any way. 

UNIT IV:  Assessment 
 

For questions 1-4, draw the force diagram to represent the situation. 

 

1. The box is raised at constant 

speed. 

 

 

2. The box moves to the left at 

constant speed. 

 
 

 

3. The weight pulls block A across a 

frictionless table. 

 

 

4. The box is motionless. 

 
 

 

 

  

 For questions 5 -10, it is possible to have MORE THAN ONE correct 

answer. 

5. A block of dry ice resting on a table is given a brief push.  A moment later, which 

of the following forces act on the block? 

 a. the force of the push 
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 b. a normal force 

33 

 c. kinetic friction 

 d. the force of gravity 

 

6. Which of the following describes the motion of the block?  The block 

 a. moves at constant speed 

 b. slows down gradually to a stop. 

 c. continues at constant speed for a while, then slows down 

 d. accelerates constantly. 

For questions 7 - 10 refer to the diagram below.  A student attaches a string to the block 

of dry ice on the table, and pulls steadily on the block.  

  

7. Which of the following forces act on the block? 

 a. the towing force 

 b. a normal force 

 c. kinetic friction 

 d. the force of gravity 

 

8. Which of the following describes the motion of the block while it is on the table?  

The block 

 a. moves at constant speed. 

 b. slows down gradually to a stop. 

 c. speeds up for a bit, then moves at constant speed. 

 d. accelerates constantly. 

  

9. When the block reaches point B, the string breaks.  Which of the following 

describes the motion of the block?  The block 

 a. moves at constant speed. 

 b. begins to slow immediately. 

 c. continues at constant speed for a while, then slows down. 

 d. continues to accelerate. 

 
10.  Eventually, the block reaches the edge of the table.   After the block leaves the 

table, which of the following forces act on the block? 

 a. the force of motion 

 b. a normal force 

 c. kinetic friction 

 d. the force of gravity 
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11. As a ball falls, consider one force to be the pull of the earth on the ball.  What is the 

pair to this force? 

a.  air resistance acting against the ball. 

b.  the pull of the ball on the earth. 

c.  non-existent in this case. 

d.  none of these.  
 

12. A horse exerts a 500 N force on a heavy wagon, causing it to accelerate.  What force 

does the wagon exert on the horse? 

a.  less than 500 N. 

b.  500 N. 

c.  more than 500 N. 

d.  it’s not possible to tell. 

   
13. You’re in the back of a friend’s pickup truck when it stalls on a hill.  You jump 
out, get behind the truck and push with all your might (300 N).  Still, the truck 
slowly rolls back down the hill.  The force the 
truck exerts on you is: 
 a. greater than 300 N.. 

 b. 300 N. 

 c. less than 300 N.  

 d. it’s not possible to tell. 
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APPENDIX C 

UNIT FIVE CONCEPTUAL PRE AND POST TEST 
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Momentum Quiz:  Conceptual 

 

For each of the situations outlined below in questions 1-4 compare (a>b, a<b, or a=b) 

the momentum of sphere A and sphere B.  Then offer a brief explanation supporting 

your response. 

 

 

6. ______ A rifle recoils while firing a bullet.  The speed of the rifle's recoil is 

small because the  

a. force against the rifle is small compared to the force on the bullet. 

b. force  is mainly concentrated in the bullet. 

c. rifle has lots of mass. 

d. momentum of the rifle is unchanged. 

 

7. ______  In order to catch a ball, a baseball player moves his or her hand 

backward in the direction of the ball's motion.  Doing this reduces the force of impact on 

the player's hand principally because it  

a. increases the impact time. 

b. decreases the impulse on the glove. 
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c. decreases the change in momentum of the ball. 

d. all of the above 

8. ______  A 1.0 kg chunk of putty moving at 1.0 m/s collides and sticks to a 5 kg 

bowling ball that is initially at rest.  The magnitude of the momentum of the ball and 

putty after collision    

a. 0.0 kgm/s.      b.  1.0 kgm/s. 
c. less than 1 kgm/s.     d. 5.0 kgm/s. 

. 
 

9. ______  A golf ball moving forward with a momentum of 1.0 kgm/s strikes and 

bounces backward off a heavy bowling ball that is initially at rest and free to move.  The 

momentum of the bowling ball after collision is 

a. less than 1.0 kgm/s.  b. more than 1.0 kgm/s. 
c. 1.0 kgm/s.    d. not enough information provided 

 
10. ______ Padded dashboards in cars are safer in an accident than non-padded 

ones because they    

a.  increase the impact time.   b. decrease the impulse on the occupant. 

c. increase the force on the occupant. d. all of the above 
 

11. ______ A bug collides with the windshield of a car traveling down the highway.  

Which experiences the greater change in momentum? 

a. it depends on the initial velocity of the bug b. the car 
c. the bug      d. both experience the same change 

 

12.  ______ The momentum of an object can be calculated by multiplying the mass of 

the object by its 

   a. acceleration      b. velocity 

   c. impulse      d. time 

 

13. ______ The greatest change in momentum will be produced by a 

a. large force acting over a long time  b. small force acting over a short time 

c. large force acting over a short time d. small force acting over a long time 

 

14. ______ Impulse can be represented by 

   a. Δv/Δt      b. FΔt 

   c. mv       d. m/v 

  

15. ______ When a golf club hits a golf ball, the change in momentum of the ball is 

_____ the change in momentum of the club 

  a. equal to      b. greater than 

  c. less than      d. the square root of 
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16. ______ Lexi is standing on roller blades and is holding a heavy medicine ball.  If 

she throws the medicine ball horizontally to the right, what will be her resulting motion?  

   a. to the right      b. to the left  

   c. no motion      d. upwards 
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APPENDIX D 

LIKERT PRE AND POST SURVEY 
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APPENDIX E 

SAMPLE JUNK BOX WAR RUBRIC 
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Junk Box Wars Rubric:  Go Speed Racer! 

 Excellent Good Satisfactory Needs 
Improvement 

 

Planning Students 
demonstrated 

an 
understanding 

of 
event rules and 

developed 
strategies 

for a successful 
project. 

Students 
demonstrated a 

basic 
understanding of 
event rules and 

the 
developed some 
strategies for a 

successful 
project. 

Students 
required 

assistance to 
understand event 
rules and develop 

strategies for a 
successful 

project. 

Students did not 
demonstrate an 

understanding of 
event rules and 

failed 
to develop 
strategies 

for a successful 
project. 

 

Use of 
Class 
Time 

Students were 
on task during 

the entire 
project 

Students were on 
task but needed 

teacher 
redirection 

Students were on 
task, but needed 
multiple teacher 

redirection 

Students were 
not on task or 

needed constant 
teacher 

redirection 

 

Team 
Work 

 

Team focused 
on 

the task and 
everyone was 

allowed to 
contribute 

to final product 

Team focused on 
the task and 

allowed everyone 
to contribute 

most of the time. 

Team had to be 
reminded to stay 

focused on the 
task 

and involve all 
group members. 

Team did not 
stay focused on 

the task and 
limited 

the involvement 
of 

some group 
members. 

 

Materials Students 
selected 

appropriate 
materials 
and used 
creativity 

to modify them 
to 

work better. 

Students selected 
appropriate 

materials 
and an attempt 

was 
made to modify 

them to work 
better. 

Students selected 
inappropriate 

materials for the 
project or failed 

to 
make 

modifications. 

Students selected 
inappropriate 
materials and 
failed to make 
modifications 

 

Analysis  Students were 
able 

to identify 
strengths 

and 
weaknesses of 
the device and 

recommend 
modifications. 

Students were 
able 

to identify some 
strengths and 
weaknesses of 

the 
device and 

recommend some 
modifications 

Students were 
able to identify a 

limited 
amount of 
strengths 

and weaknesses 
of the device, but 

recommended 
modifications 

were 
limited or flawed. 

Students failed to 
identify strengths 
and weaknesses 

of 
the device and 

recommend 
modifications. 

 



46 

 

Function 
 

Device 
functioned 

extremely well 
based on the 

testing 
conditions 

Device 
functioned 

well based on the 
testing conditions 

Device met 
design 

requirements, 
but 

did not perform 
well under 

testing 
conditions 

Device had 
fatal flaws that 

caused it to 
function 

poorly or did not 
allow testing. 

 

Creativity Was extremely 
creative and 

presented with 
originality; 

used a unique 
approach that 

truly enhanced 
the project 

Was creative at 
times; 

thoughtfully and 
uniquely 

presented 

Added a few 
originals touches 

to enhance the 
project but did 

not incorporate it 
throughout 

Little creative 
energy used 
during this 

project; was 
bland, 

predictable and 
lacked “zip” 

 

Distance 
Traveled 

Self-propelled; 
traveled 

greater than 4 
meters 

Self-propelled; 
traveled 3-4 

meters 

Self-propelled; 
traveled 2-3 

Self-propelled; 
traveled 0-2 

meters 
 

 

Final 
Design 

Design meets 
or exceeds 

desired 
objectives 

Design meets 
desired 

objectives 

Barely capable of 
achieving desired 

objectives 

Not capable of 
achieving desired 

objectives 

 

Speed Top  speed 
Go Speed Racer 

Go! 

Middle 2 speeds 
Go! 

Low 1 speed 
Go turtle Go! 

Was your car in 
slow motion? 

 

Total      

 

 


