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ABSTRACT 

In this action research study, a flipped classroom model was implemented in an AP 

Physics C: Electricity and Magnetism course to examine its effect on student achievement and 

perceptions of learning. The study compared two sequential units during Spring 2026: a 

nontreatment Gauss’ Law unit taught through traditional direct instruction and a flipped Electric 

Potential unit in which students viewed AP Classroom videos before class and used class time 

for guided problem solving and discussion. Student learning was measured using pre and post 

assessment free-response questions, with performance analyzed through score comparisons and 

normalized gains. Survey and interview data were also collected to examine student perceptions, 

and thematic analysis was used to identify recurring patterns in student responses. Results 

showed strong pretest-to-posttest growth and high normalized gains in both units, with the 

flipped treatment group showing greater variability in outcomes. Students reported benefits in 

preparation, use of class time, retention, and independence, while evidence related specifically to 

deeper understanding and transfer to unfamiliar College Board-style problems remained mixed. 

Overall, the findings suggest that the flipped classroom may be most effective as a structure for 

supporting active in-class learning rather than as a direct guarantee of improved transfer to novel 

problems.
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CHAPTER ONE 

INTRODUCTION AND BACKGROUND 

Context of the Study 

James B. Conant High School is a large school in the northwest suburbs of Chicago. The 

school has a population of about 2,503 students according to the principal (J. Novak, personal 

communication, 2025). The school boasts an extensive listing of extracurriculars, elective 

classes, and advanced placement (AP) courses. About 50% of students at Conant will take at 

least one AP course before moving on to life outside of high school (U.S. News & World Report, 

2024). The driving reason for students to take these courses, besides a GPA boost, is to get a 

chance at earning college credit while still in high school. This is achieved by getting a 

satisfactory score on the AP exam in May, usually a score of 3-5, which translates to a C or 

above on a regular grading scale. 

Without a satisfactory score, students will still receive credit for the course but lose the 

chance to get the college credit. This failure results in students retaking the same course again in 

college if it is one they need for their program. AP Physics C is a very important course for many 

students planning on majoring in a science, technology, engineering, or mathematics (STEM) 

program in college. It covers all the basics from mechanics to electricity and magnetism which 

are often required courses for these students. As a result, this course is one that most students 

will have to take in college if not completed in high school. As such, it becomes important for the 

students to perform well, get the most out of the course, and pass the exam while in high school. 
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According to the College Board, the group that creates and scores the AP exams, 

nationwide about 30% of students will score a 5 on the exam and receive college credit. At James 

B. Conant High School, on average 15% of students taking the exam have scored a 5 in the past 

2 years. One major reason for this is that the course curriculum has not been fully updated to 

match the changes that the college board has made to the course. Conant runs two sections of AP 

Physics C, one run by me and one by my colleague. For the past twenty years or so, these two 

sections have been run solely by my colleague. As such, he has had a difficult time keeping up 

with the changes alone and the course material is out of date. Students at Conant have been 

exposed to older versions of questions and have not been as prepared for the varied types of 

questions that come with the newer versions of the exam. 

Beyond this, most of class time is spent completing direct instruction of the content 

through notes. Students receive old example problems, but do not have enough time in class to 

uncover all the possible sticking points. They learn how to complete one type of question in 

class, and struggle when they must apply the concept to a new scenario. This lack of time 

compounded with out-of-date practice questions has been a disservice to students who are trying 

to get college credit. To remedy this, students need updated course material as well as quality 

time in class to try, fail, discuss, and correct these difficult questions together.  

One method that makes it possible to have this practice time is a flipped classroom. The 

idea is that students will watch brief content videos at home and then come to class and apply 

their knowledge to practice problems there. Rather than struggling through complex questions at 

home by themselves, students get to productively struggle in school with peers and their teacher. 

These videos replace students’ homework as all the critical learning occurs through classroom 
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practice. Ideally, students prime themselves with a video before class. In class, students get to see 

various applications with the guidance of their instructor. This is an improvement upon the 

previous surface level understanding gained from in class notes and direct instruction. Students 

have historically fallen short when applying their knowledge to new scenarios. The solution lies 

in creating more opportunities to apply their knowledge to new contexts, with the goal of 

increasing student success on the AP test. 

A flipped classroom method lends itself well to AP Physics C in particular. All students in 

this course are required to have taken a physics course. This requirement means that most of the 

content is review, just with more complex math applied to it. Additionally, the students are all 

seniors who have had four years to improve their time management skills. Time management is 

crucial for success in a model that has students watch content at home. Additionally, the College 

Board creates daily content videos to treat every topic on the exam. These videos come with AP 

style questions directly related to the test. Students will be able to watch these high-quality 

videos before class and answer the complex application questions in class the next day. This 

method of instruction gives students the updated, interactive learning experience that they have 

been missing. Students will be continuously exposed to different ways of thinking about difficult 

physics questions, preparing them well for the style of questions on the exam itself.  

Focus Question 

My focus question was, Will a flipped classroom lead to a deeper understanding of how 

to apply physics concepts and methods to novel problems presented by the College Board? 
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CHAPTER TWO 

CONCEPTUAL FRAMEWORK 

Basics of a Flipped Classroom 

Flipping classrooms has become more and more popular in recent years. A flipped 

classroom inverts the traditional lecture and homework framework such that homework time is 

done in-person and direct instruction or lecture is done at home. Oftentimes a flipped classroom 

will deliver instruction through pre-recorded video notes or lectures and assign these in place of 

homework. The goal is to remove the teacher from the role of all-knowing content master to 

someone who guides students along in the process of learning new information. This model takes 

class time and uses it for students to actively engage in content previously covered in the videos 

in a collaborative problem-solving environment (Song & Kapur, 2017). 

 The intention of a flipped classroom is to give students a more active role in learning. A 

flipped classroom allows students to construct their own understanding of concepts through 

solving problems, rather than passive participation. An example of this would be when the 

students are told how their teacher would solve a problem rather than encouraged to create a path 

to the solution themselves. This design aligns well with classes that require students to develop 

higher order and critical thinking skills. Active learning can be particularly powerful in science 

and mathematics classes when learning abstract topics that are more easily understood with 

hands-on application and discussion amongst peers (Song & Kapur, 2017). 
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The Importance of Allowing Space for Failure 

 Flipped classrooms are popular because they allow more time for productive failure. 

Productive failure is a classroom design where students attempt new problems before learning 

much about them, which tends to result in initial failure. It has been shown that this struggle and 

failure often results in deeper understanding and allows students to retain information for longer 

periods of time. In failing, students frequently realize their own misconceptions as they rely on 

prior knowledge that is not accurate in this context. Surfacing these misconceptions primes 

students to absorb the correct information later. While confronting their misconceptions may 

hinder short-term performance and confidence at the start, it results in enhanced long-term 

learning (Kapur, 2016). 

 Beyond the benefit of enhancing long-term learning, productive failure has been shown 

to increase conceptual understanding in students. Though productive failure does not emphasize 

specific procedures to solve problems, as is traditional in a direct instruction style classroom, 

studies indicate that students leave class with an understanding of key concepts. Students are 

then able to apply these concepts to new situations and contexts (Kapur, 2016). Productive 

failure is most useful in STEM classrooms where students are required to apply underlying 

concepts to new situations. Further, it is beneficial in these classes since they often require 

students to collaborate in lab environments whose purpose is discovery without prior knowledge. 

When constantly exposed to mini-failures, and when those mini-failures are promoted as 

opportunities for growth in the classroom, students are less afraid of making mistakes and more 

willing to share ideas as they learn the normalcy of being incorrect (Song & Kapur, 2017). 
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 It is important to note that productive failure must be carefully carried out in a classroom. 

It requires creating an environment where failures are celebrated rather than looked down upon. 

This happens by cheering students on when they get an answer wrong and thanking them for 

helping the class learn something new. An encouraging classroom also comes from designing 

questions that are low stakes so that students are not scared to attempt an answer. A question that 

is too difficult will result in students giving up before attempting to solve it. The key to 

productive failure is in the follow-up time. Students’ attempts and thoughts must be leveraged to 

arrive at the right answer. When every answer and prediction is shared students see that their 

peers think similarly to them. Through the discussion of each wrong and right thought, the class 

creates an agreed upon conclusion. This judgement free discussion shows students that their 

failures can lead to the correct answer and helps highlight misconceptions that are integral to 

long-term conceptual understanding (Song & Kapur, 2017). 

The Problem with Traditional Homework and Lectures 

Traditional homework and lectures do not allow space for productive failure. Traditional 

lectures have been a popular model in education for the past century. This method is scrutinized 

for the way it fails to promote deep, conceptual understanding of content. Traditional direct-

instruction style lectures often place students in the role of passive listeners. As a result, rote 

memorization is emphasized over deeper thinking; students are encouraged to memorize a set of 

steps rather than learn to use problem solving tools. There is little room for critical thinking and 

application in these environments (Ge et al., 2020). 

The traditional model fails to make time for dialogue, inquiry, or addressing 

misconceptions. These tools are crucial in building a robust understanding of abstract ideas in a 
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science context. The restrictive nature of traditional lectures is best seen when compared to 

newer models like flipped classrooms. Students in flipped classrooms, where class time is 

devoted to active learning, consistently outperform their peers that are in direct instruction style 

classrooms. These findings demonstrate how traditional classrooms lack the dynamic and 

collaborative learning environment that prepares learners for success (Ge et al., 2020).  

Part of this dated model is traditional homework: practice problems that take place at 

home without instructor guidance. Previously it was thought that more homework would result in 

better performance and understanding of content. However, cross-cultural analyses have found 

that increased homework time does not reliably predict higher academic achievement. A study on 

student backgrounds and homework load showed that when accounting for specific student 

backgrounds and context, increased homework can negatively impact student performance 

(Dettmers et al., 2009). In addition, a separate study has found that students who spend more 

time on homework are not necessarily learning more. (Trautwein et al., 2003).  

Furthermore, most homework assignments emphasize repetition of procedures learned in 

class. Repetition fails to foster problem-solving skills and does not require students to apply their 

knowledge to new contexts. Without space for productive struggle, homework can become a 

passive exercise rather than a chance for growth. These findings call into question the efficacy of 

traditional homework in improving student achievement. There remains room for improvement 

in the realm of at-home content practice for students (Trautwein et al., 2003). 
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Flipped Classrooms’ Impact on Student Achievement and Confidence 

Flipped classrooms have been proven to successfully prepare students for success. Recent 

research highlights the positive impacts of flipped classrooms on student achievement and 

motivation. In a synthesis of 95 studies with over 15,000 participants completed by Zheng et al., 

(2020) it was found that flipped classrooms had a moderate positive impact on learning 

achievement. The results were seen across all disciplines but were most evident in natural 

sciences and engineering. When students interacted with high quality videos outside of class 

throughout the semester, there was a noticeable increase in learning achievement (Zheng et al., 

2020). Additionally, 75% of students reported positive feelings towards the flipped classroom 

model. The students perceived their learning to be more effective and felt better supported in 

their learning endeavors (Nouri, 2016).  

Flipped classrooms have also been shown to increase students’ confidence and motivation 

(Zheng et al., 2020). One study found a strong correlation between the flipped classroom model 

and increased motivation, perceived effectiveness of learning, and active engagement in the 

classroom (Nouri, 2016). Students appreciated the ability to pause and rewatch lectures in 

conjunction with the support provided by the teacher in class. This allowed classes to dig deeper 

into concepts that may have been difficult to understand in the video alone. Notably, lower 

achieving students reported greater increases in motivation, confidence, and academic gains than 

their higher achieving peers. Results like this suggest that the flipped model may help mitigate 

learning achievement gaps (Nouri, 2016). Overall, these findings underscore the ability of the 

flipped model to enhance learner achievement, confidence, and motivation. 
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CHAPTER THREE 

METHODOLOGY 

Demographics 

James B. Conant High School is a large school in the northwest suburbs of Chicago. The 

school has a population of about 2,503 students according to the principal (J. Novak, personal 

communication, 2025). Of these students, 43.6% are White, 3.8% Black, 19.4% Hispanic, and 

29.3% Asian (Illinois Report Card, 2024). Approximately 29.4% of students are considered low 

income which means they qualify for free or reduced lunch. The culture at this school is overall 

positive. Most students are involved in extracurriculars, and most teachers sponsor 

extracurriculars. There is a high standard for all our students to achieve academic success. 

The school boasts an extensive listing of extracurriculars, elective classes, and advanced 

placement (AP) courses. About 50% of students at Conant will take at least one AP course before 

moving on to life outside of high school (U.S. News & World Report, 2024). My AP Physics C 

course consisted of 26 students, 14 of whom were Asian/South Asian (54%), and 12 of whom 

were White (46%). Seven of the 26 were girls (27%), and 19 were boys (73%). All students in 

the course were seniors.  

Treatment 

The treatment I used was implementing a flipped classroom model for my AP Physics C 

class. Before the treatment, our class time was split between lecturing on notes and completing 

practice problems on worksheets. Oftentimes these practice problems ended up being homework 

that had to be completed on their own. Lecture time was also used to field questions from 
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students until everyone had an apparent understanding of the day’s material. When implementing 

the flipped classroom, the class time shifted. Lecture materials and notes were assigned as 

homework to watch out of class. As a result, class time was used exclusively to answer questions 

and try practice problems based on content learned in the videos. 

The videos used were assigned on, and viewed on, the AP classroom website. This is a 

website where all students have accounts and access to videos, practice questions, and other 

materials distributed by the College Board. Each night one to three videos of about 6 to 7 

minutes each in length was assigned. The class set of notes was distributed alongside these 

videos so that students could fill in or add to the notes based on the information they watched in 

the videos for their own reference later. The expectation was that students watched the videos 

assigned that day after class on the AP classroom website. The following day this content would 

be applied to questions and labs all completed in class. 

The research and data collection began during second semester when we began learning 

content about electricity and magnetism. For the first unit (Electric Fields and Guass’ Law) of 

this new content, class was conducted as normal. This was about three weeks. The flipped 

classroom treatment was implemented during the next unit (Electric Potential) of content, again 

for about three weeks. Another pre and posttest on that content was given at the end of that unit 

to measure their achievement with the treatment. The data collection concluded after this one 

cycle for analysis. 

The research methodology for this project received an exemption by Montana State 

University's Institutional Review Board and compliance for work with human subjects was 

maintained (Appendix A). 
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Data Collection and Analysis Strategies 

To measure the impact of the treatment, I implemented a mixed methods approach. 

Students took a pretest and posttest for each unit, one prior the treatment and one after the 

treatment. The Gauss’ Law Pretest and was used to measure the students’ content understanding 

prior to instruction without the treatment (Appendix B). The Gauss’ Law Posttest was used to 

measure the students’ content understanding after instruction without the treatment (Appendix 

C). These tests consisted of one free response question with multiple parts worth a total of 15 

points.  

Students were scored according to the two College Board scoring guides (Appendices C 

and D) and given a score out of 15 each time. I used normalized gains to compare pre and 

posttest scores and measure students’ growth in content knowledge after instruction. The 

normalized gain was calculated to determine differences in student knowledge. Normalized gains 

of less than .3 were considered low, gains .3 to .7 were considered a medium gain and 

normalized gains greater than .7 were considered high (Hake, 1998). Then I calculated the 

median score. This was used to create a box and whisker chart for the final scores of the 

nontreatment unit to see how tightly packed student scores were, or if there was a wide spread of 

grades. 

The same methods of analysis were used for the treatment unit. The Electric Potential 

Pretest (Appendix F) was given as the start of the unit and graded with the Electric Potential 

Pretest Scoring Guide (Appendix G) as dictated by the College Board. This was compared with 

the Electric Potential Posttest (Appendix H) which was graded using the Electric Potential 

Posttest Scoring Guide (Appendix I). These grades were used to analyze normalized gains for the 



12 

 

treatment unit. The posttest grades were used to calculate a median and a box and whisker chart 

was created to visualize the spread of final student scores upon completion of the treatment unit.  

 After the treatment unit and posttest, students completed a Likert scale survey called, 

Flipped Classroom Feedback as a Google form to assess my students’ confidence in applying 

physics concepts to novel problems, their perception of learning in the flipped classroom model, 

their engagement with the format, homework completion, and self-perceived achievement 

(Appendix J). Their answers ranged from strongly disagree (1), disagree (2), neutral (3), agree 

(4), and strongly agree (5). Averages were taken, as well as frequency analysis of students who 

chose each option. These were organized into bar charts to visualize the spread of responses for 

questions of interest. 

Finally, all students were interviewed within their lab groups, which consisted of three to 

four students. Students were asked the Student Interview Questions (Appendix K) to gauge their 

feelings, experiences, and perceptions of the flipped classroom model. The interviews were 

recorded for later analysis. Thematic analysis was used on these recordings by noting trends and 

patterns in the responses of students. Certain student quotes that are representative of these 

trends and patterns were pulled to be used in further analysis later in this study. Pre and posttest 

data was used as quantitative data. Survey responses were compiled to make quantitative data. 

Finally interview data was used to create qualitative data. All these instruments are used to 

answer the focus question of the study as follows in Table 1. 
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Table 1: Data Triangulation Matrix 

Research Question Data Source 1 Data Source 2 Data Source 3 

Will a flipped 

classroom lead to a 

deeper understanding 

of how to apply 

physics concepts and 

methods to 

previously unseen 

problems presented 

by the College 

Board? 

Gauss’ Law Pretest 

and Posttest and their 

Scoring Guides 

 

Electric Potential 

Pretest and Posttest 

and their Scoring 

Guides 

Likert Scale Survey 
Student Interview 

Questions 
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CHAPTER FOUR 

DATA ANALYSIS: CLAIMS AND EVIDENCE 

Results 

This research was focused on whether a flipped classroom supported a deeper 

understanding of the application of physics concepts to novel College Board-style problems. The 

study collected data to compare a nontreatment Gauss’ Law unit to a flipped Electric Potential 

unit. Results were presented through pre and post free response question (FRQ) performance, 

normalized gains from these FRQs, student survey responses, and interview data. The findings 

indicate that the flipped classroom model did not clearly improve or impair students’ abilities to 

apply novel concepts to College Board style questions. Taken together, the data showed strong 

pretest-to-posttest growth across both groups. Both the treatment and nontreatment units had 

high gains according to the quantitative data. Student perceptions were positive when it came to 

in-class learning experience and independence. Student perceptions were more mixed when it 

came to the impact on deeper understanding and application to unfamiliar FRQs. These findings 

are organized and presented by major trends in the data. 

 

Pretest to Posttest Growth 

The first major trend in the data was that student performance increased substantially 

from pretest to posttest in both the nontreatment and treatment units. Both units began with very 

low pretest averages and ended with much higher posttest averages. Pretest and posttest averages 

were comparable between the treatment and nontreatment units (Figure 1). During the 
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nontreatment unit, the pretest score was an average of 9.73% and the posttest score was an 

average of 79.03%. Student average scores jumped 69.3% during the nontreatment unit. During 

the treatment unit the pretest average score was a 9.08% and the posttest score average was 

76.35%. Student average scores jumped 67.3% during the treatment unit.  

 
Figure 1. Average pretest and posttest scores for the nontreatment and treatment units, (N=26).  

Treatment vs. Nontreatment Normalized Gains 

A second major trend in the data was that both groups showed generally high normalized 

gains, while the treatment group displayed a wider spread of outcomes. Both groups showed high 

normalized gains as they were greater than .7 (Hake, 1998). The nontreatment group showed an 

average gain of .79 and the treatment group showed a gain of .72. There is a wider spread of 

student gains for the treatment unit while gains were more uniform during the nontreatment unit 

(Figure 2). During the nontreatment unit students were more uniform in their low pretest scores 

and on average had high gains. Several treatment students posted very high gains from .8 to .97. 
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The nontreatment group appears to have fewer very low-gain cases. Both groups had many 

students clustered in the high-gain range identified as being greater than .7. The nontreatment 

group data appears more tightly clustered with many gains concentrated around the .82 to .97 

range. The treatment group data indicated many high gains as well, but the spread was wider, 

extending from .43 to .97. The mean marker for the nontreatment group is roughly .80 and the 

mean marker for the treatment group is around .72. Both groups appeared to achieve many high-

gain outcomes. The treatment group’s results were less uniform, as the flipped unit included both 

strong gains and limited gains. The nontreatment group appears to be more consistent in its gain 

pattern.  

 

 
Figure 2. Normalized gain by group: treatment versus nontreatment (N=26).  
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Student Perceptions on the Flipped Classroom Model 

Student perception data showed support for the flipped classroom as a structure for 

engagement, retention, and in-class learning support. Results related to deeper understanding and 

transfer to unfamiliar FRQs were overall positive but more mixed (Figure 3). One of the biggest 

positive points as reported by students was the increase in in-class problem solving time as well 

as retention. About 62% of total respondents to the question answered positively when asked if 

in-class time was more helpful after watching a video lesson beforehand. One student stated, “in 

class we could actually ask questions and work through problems,” and another reported, “the 

videos helped me come in with a baseline understanding”. There were 15 positive responses 

(56%) to the question about information retention after solving problems in class rather than only 

practicing at home. When it came to questions about engagement and homework support 76% of 

students said they were more engaged in traditional lectures. There was also a strong preference 

among students for the traditional lecture-based instruction over the flipped classroom. One 

student stated, “I found it difficult to follow along with some of the videos because some of the 

speakers moved too slowly and were boring to watch.” Out of the entire class, 65% of students 

responded negatively when were asked if they preferred the flipped classroom over the 

traditional lecture-based instruction. However, one of the most positively reported answers from 

students was that they felt the flipped classroom helped them become more independent learners. 

The survey showed that there was a strong positive response to the usage of class time, retention, 

and independence during the flipped classroom model. The responses were mixed when it came 

to engagement, homework clarity, and preference of instructional method. 
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Figure 3. Likert survey responses from strongly disagree to strongly agree reported with number 

of students who selected that response per question, (N=27). Some students chose not to respond 

to certain questions, so n varies from 23-27. 

 Student perceptions of their understanding of physics concepts and their applications 

were mixed. Of the nonneutral answers, 69% of students responded positively when asked about 

perceived confidence in applying physics concepts to unfamiliar FRQs. In the post interview, one 

student stated, “more of it [the flipped classroom videos] helped with reinforcing concepts,” and 

another said that “the videos did not provide any challenging information that really required 

thinking”. Likewise, when asked how the flipped classroom helped their understanding and 

performance responses were notably mixed with no clear positive or negative skew. One student 

reported that, “I think it [the videos] lulled me into a false sense of security,” and another said 
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that “when it was time to apply it to a more specific or unfamiliar FRQ, it was challenging at 

times”. This perception aligns with the quantitative data in that the treatment unit produced the 

strongest posttest performance but did not clearly exceed the nontreatment average and showed 

greater variability. Some of the responses point towards increased confidence while certain 

quotes show hesitation or neutrality. There was not a uniform positive self-reported response 

from students when it came to transferring knowledge to unfamiliar FRQs.  
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CHAPTER FIVE 

VALUE: REASONING AND REFLECTION 

Claims from the Study 

Through the previous synthesis of data, the question of whether a flipped classroom led 

to a deeper understanding of how to apply physics concepts and methods to novel College 

Board-style problems can be answered. In this chapter I will make claims about this question that 

are supported by evidence from pretest and posttest scores, normalized gains, Likert survey 

responses, and a qualitative thematic analysis of interview responses. These conclusions are 

cautious rather than absolute. The findings from this data suggest promise, but not a universal 

effect. Taken together, the data supported three broad claims. 

The first claim supported by this data is that the flipped classroom appeared to support 

the learning process by improving student preparation for class, use of in-class time, and 

independence. While this does not necessarily prove deeper understanding itself, it supports the 

conditions under which deeper understanding may develop. All self-reported survey questions 

related to the helpfulness of in-class time, information retention during the flipped classroom, 

and independence in learning showed more positive responses than neutral or negative. In total 

there were anywhere between 15-16 positive responses out of the total 26 students for these three 

questions (57.7-61.5%). Using a flipped structure shifted first exposure of content to home, 

which reserved class time for more interactive practice. Students consistently identified this shift 

as beneficial with statements such as, “the videos helped me come in with a baseline 

understanding,” and “it made me more independent”. This agrees with the research by Nouri 
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(2016) as students reported feeling more supported in their learning endeavors. While this 

evidence is strong, it points only to process benefits rather than achievement benefits. When 

looking at the achievement data, a more complicated view arises, and a second claim can be 

made. 

The flipped classroom did not produce clear evidence of stronger overall performance 

than the nontreatment unit, but it did show substantial student growth and many high gain 

outcomes. This contradicts what has been seen by Zheng et. al (2020) as there was no noticeable 

growth in student achievement between units. Both treatment and nontreatment units showed 

large gains with an average gain of .79 for the nontreatment and .72 for the treatment, both of 

which are above the 0.7 threshold for high gains. The box and whisker chart shows a tight cluster 

for the nontreatment gains, suggesting a more uniform growth and performance from pretest to 

posttest (figure 2). The treatment group had a wider spread overall, suggesting less uniformity. 

This data shows that the flipped classroom was associated with meaningful improvement from 

pretest to posttest, but not in a way that was drastically different from the nontreatment unit. The 

wide variation may suggest that the flipped model may not have benefitted all students in the 

same way. However, it is also possible that this is due to the treatment unit coming after the 

nontreatment unit. Pretest scores may have been more uniformly close to zero in the 

nontreatment unit because it was the very first unit in electricity and magnetism. By the 

treatment unit, students had already had some background knowledge and were able to perform 

better on their pretest score which affected the gains. This distinction between meaningful 

growth and uneven outcomes becomes even more important when the findings are considered in 

direct relation to the study’s core focus. 
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The final claim is that the evidence suggests that the flipped classroom may have 

supported deeper understanding indirectly, but that the results were mixed when the focus 

narrowed to application on unfamiliar College Board-style FRQs. In the survey, the question 

directly asking students about their confidence when applying concepts to unfamiliar scenarios 

resulted in 45.8% positive, 33.3% neutral, and 20.8% negative responses out of all respondents 

to the question. This mixed response leaves no clear answer. Furthermore, students said, “when it 

was time to apply it to a more specific or unfamiliar FRQ, it was challenging at times”. While it 

resulted in near equivalent achievement and gains, there was no clear benefit in terms of 

confidence in applying physics concepts to new problems. This qualitative pattern suggests that 

videos alone did not produce a deeper understanding. Students seemed to identify that guided 

problem solving in class was where a deeper understanding was more likely to develop. 

Therefore, the best supported conclusion is that the flipped classroom may contribute to a deeper 

understanding when paired with strong in-class application, but the evidence does not show a 

simple direct effect. These three claims point to the practical values of the flipped model and 

inform us of considerations should one wish to use it in the future. 

Value of the Study and Consideration for Future Research 

Although the findings were mixed in some respects, the study still offers important value 

as these findings inform practice. This data goes beyond looking to see if a flipped classroom, 

works, but rather shows in what scenarios and in what ways it works best. One piece of evidence 

that now informs my instruction is how it has the potential to make class time more effective. 

Students reported that in-class learning was more effective when they had a baseline 

understanding of the content. It appears that there is value in restructuring when and where 
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learning happens. Active class time and teacher support were the most positive outcomes. After 

the study, I often had students in class tell me how they would have liked the flipped classroom 

more if it was my recorded lectures rather than the College Board’s. Zheng et. al (2020) 

discussed the importance of high-quality videos to the flipped classroom model in their research. 

If I were to implement this model again, I would spend more time creating videos that better 

align with my content and teaching style instead of the College Board’s videos. Besides this, the 

study revealed several limitations and questions that future research should address.  

One of the clearest limitations was that this comparison was done across two different 

instructional units rather than identical content taught in two ways. One result of this was that 

during the treatment unit, students began with some content under their belts which increased 

their pretest score when compared to the nontreatment unit. Another limitation was that this 

research was only conducted across one class, as it is the only AP Physics C course I teach. 

Additional classes could help create more well-rounded data. Furthermore, deeper understanding 

is difficult to measure. Using student self-reporting and achievement scores alone, it is hard to 

get the full picture. All of this may have been influenced by the quality of the videos, whether 

students watched the videos at home, and the design of in-class activities.  

Future iterations of this research should take those previous factors into consideration. As 

it was my most received comment, it would be worth recording my current lectures and using 

those as the pre-class videos in a future iteration. Most of the negative comments on the flipped 

classroom were that it, “lulled me into a false sense of security,” and that “the videos did not 

provide any challenging information that really required thinking”. This point could be improved 

which would help retain the positive impact of in-class work time. Beyond this, implementing 
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some form of checks to ensure that students watched the videos could avoid potential pitfalls of 

low accountability. This consideration may make the flipped learning itself better, which may 

lead to higher reported confidence and understanding. Beyond classroom implications and 

research considerations, this study has also impacted me as a reflective practitioner. 

Impact of Action Research on the Author 

Conducting this research had a meaningful impact on my development as a teacher and 

reflective practitioner. This study deepened my understanding of how students experience flipped 

instruction. It showed me that giving videos before class alone was not enough. These videos 

needed to be thoughtfully created or selected and paired with more scaffolding to support 

transfer to unfamiliar problems. Rather than focusing on whether students completed pre class 

work, I see it is more important to look at how each part of the flipped model may contribute to 

conceptual understanding and transfer. Pairing relevant scaffolded activities alongside these 

videos could improve this understanding and transfer. Rather than only discussing examples as a 

class, activities should allow for the gradual release of responsibility. This could be an I do, we 

do, you do format where the result is students trying questions on their own in class rather than 

watching me model problem solving. This may support confidence in applying learned concepts 

to new situations. 

Beyond the classroom impact this process also strengthened my ability to use evidence to 

evaluate instructional decisions. Both quantitative and qualitative data guided decisions about 

what changes could be made to improve this method. I became more confident in collecting and 

triangulating multiple forms of data to inform these decisions. I also saw the value of listening to 

student perception data alongside the quantitative data. In the past, I have informed instructional 
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decisions based on scores and my own perceptions alone. After conducting this research, I am 

reminded of the importance of student perceptions as those drive their confidence and ultimately 

their performance in class. Mertler (2025) describes how the action research process should be 

iterative, constantly refining results to improve instruction. I feel an increased confidence in 

implementing new strategies, collecting data, analyzing it, and planning from there. This process 

has led me towards a more inquiry-driven approach to teaching. 

Finally, this project reinforced a more reflective and responsive teaching stance. The 

research encouraged humility about innovation as even strategies with plenty of promise still 

require careful study. Classroom change is iterative, and any one single change will not 

immediately result in a perfect outcome. This study reinforced the importance of remaining open 

to complexity in the classroom, especially when evaluating strategies that are often discussed in 

broad or simplified terms. Overall, this study produced cautious but meaningful conclusions. The 

flipped classroom showed promise as a structure that supports preparation and independence, but 

evidence for deeper transfer to unfamiliar FRQs was more mixed. Ultimately, this study suggests 

that the flipped classroom may offer meaningful benefits to AP Physics C when it is used to 

support active in-class problem solving, but it also underscored the need for continued attention 

to how deeper understanding and transfer are cultivated and measured.  
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APPENDIX A: IRB PROTOCOL EXEMPTION 

 



30 

 

  
Figure A1. Institutional Review Board (IRB) approval for Jeffery Schiller effective from 

11/19/2025 to 11/19/2030.  
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APPENDIX B: GAUSS’ LAW PRETEST 



32 

 

 
Figure A2. Guass’ Law Pretest asking students to derive the magnitude of the electric field from 

a thin rod lying along the x-axis.  
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APPENDIX C: GAUSS’ LAW PRETEST SCORING GUIDE 
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Figure A3. Scoring guide containing the criteria to score the pretest question with seven total 

possible points for part a.  
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Figure A4. Scoring guide containing the criteria for the Guass’ Law pretest with three possible 

points for part b as well as the requirements to receive each point. 
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Figure A5. Scoring guide containing the criteria for the Guass’ Law pretest with three possible 

points for part b as well as the requirements to receive each point. 

 

 



37 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX D: GAUSS’ LAW POSTTEST 
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Figure A6. Part a and b of the Gauss’ Law posttest asking students to derive the electric field at 

different points within two spherical conducting shells. 
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Figure A7. Part c and d of the Gauss’ Law posttest asking students to graph the electric field 

magnitude as a function of r. 
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APPENDIX E: GAUSS’ LAW POSTTEST SCORING GUIDE 
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Figure A8. Gauss’ Law posttest scoring guide for parts a and b listing the criteria to receive 

points with 15 points total possible for the question. 
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Figure A9. Gauss’ Law posttest scoring guide for parts b and c listing the criteria to receive 

points with 15 points total possible for the question. 
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APPENDIX F: ELECTRIC POTENTIAL PRETEST 
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Figure A10. Electric Potential pretest asking students to derive an expression for the electric 

potential of an insulating sphere as a function of r from the center.  



45 

 

 
Figure A11. Electric Potential pretest part b asking students to draw equipotential lines in the 

sphere and derive an expression for the speed of a charged particle released from the center as it 

approaches the edge of the sphere.  
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APPENDIX G: ELECTRIC POTENTIAL PRETEST SCORING 

GUIDE 
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Figure A12. Electric Potential pretest scoring guide for part a showing the requirements to earn 

each point with four points earned on this page. 
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Figure A13. Electric Potential pretest scoring guide for part a and b showing the requirements to 

earn each point with two points earned on this page. 
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Figure A14. Electric Potential pretest scoring guide for part b showing the requirements to earn 

each point with two points earned on this page. 
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APPENDIX H: ELECTRIC POTENTIAL POSTTEST 
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Figure A15. Electric Potential posttest asking students to indicate the directions of the electric 

field and derive an expression for the work done by an external force to move a positive charge 

into a configuration of four other charges. 
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Figure A16. Electric Potential posttest asking students to graph the potential energy as a function 

of the distance x from the center of the charge arrangement and to analyze its relationship to the 

function created in part b. 
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APPENDIX I: ELECTRIC POTENTIAL POSTTEST SCORING 

GUIDE 
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Figure A17. Electric Potential posttest scoring guide showing how the three points are earned for 

the directions of the electric field due to the configuration of charges.  
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Figure A18. Electric Potential posttest scoring guide showing how points are distributed for the 

derivation of work done with four points possible. 
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Figure A19. Electric Potential posttest scoring guide showing how points are distributed for part 

c with three total points possible. 
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Figure A20. Electric Potential posttest scoring guide showing how points are distributed for part 

d with two total points possible. 

 

 



58 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX J: FLIPPED CLASSROOM FEEDBACK 
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This survey contains a number of statements about the flipped classroom. You will be asked 

what you yourself think about these statements. There are no ‘right’ or 'wrong' answers. Your 

opinion is what is wanted. 

 

For each statement select:  

SA if you STRONGLY AGREE with the statement 

A if you AGREE with the statement 

NS if you are NOT SURE 

D if you DISAGREE with the statement 

SD if you STRONGLY DISAGREE with the statement 

• I feel confident applying physics concepts to unfamiliar scenarios in free-response 

questions (FRQs). 

• I am comfortable analyzing a physics problem I have never seen before. 

• I feel prepared to solve complex physics problems using what I learned in class. 

• I am better able to explain my reasoning when solving physics problems now than earlier 

in the year. 

• Watching instructional videos before class helped me understand the material more 

deeply. 

• In-class time was more helpful when I had already watched the lesson video beforehand. 

• I learned physics concepts more effectively in the flipped classroom model than with 

traditional lectures. 

• I had more opportunities to ask questions or clarify misconceptions during flipped 

lessons. 

• I retained information better after solving problems in class rather than only practicing at 

home. 

• I feel that I achieved a better understanding of the concepts during flipped classroom 

units. 

• I feel my performance on assessments improved because of the flipped classroom 

approach. 

• I was more engaged during flipped classroom lessons than during traditional lectures. 

• I felt more in control of my learning during flipped classroom units. 

• I was more likely to complete homework when it was video based. 

• I understood homework assignments better when they followed flipped classroom 

lessons. 

• I found it easier to keep up with the workload during flipped classroom weeks. 

• I spent more time reviewing content independently in the flipped model. 

• I preferred the flipped classroom over traditional lecture-based instruction. 

• I would like more science units taught using a flipped classroom model. 

• The flipped classroom helped me become a more independent learner. 
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APPENDIX K: STUDENT INTERVIEW QUESTIONS 
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Below is a list of some potential interview questions to be conducted among students and their 

lab groups 2-4 students. This will be an open-ended interview that can take whatever shape the 

conversation leads, but is guided by these potential questions. 

• Can you describe what it was like learning in the flipped classroom compared to how 

you’ve learned in the past? 

• Did it feel different coming into class already having watched the video? How did that 

affect your participation or confidence? 

• When you saw FRQs or other unfamiliar problems, did the flipped classroom prepare you 

to tackle them? Why or why not? 

• How did the flipped classroom affect your motivation to keep up with the work? 

• Did the video lessons make learning easier or harder for you? Why? 

• What would you change or keep the same if a future topic was to be taught this way? 

• How did your approach to homework or studying change (if at all) during the flipped 

classroom units? 

• Was it easier or harder to stay on top of your work compared to traditional instruction? 

• Did you feel more responsible for your learning in the flipped model? What helped you 

stay accountable? 

• Did it change how much you interacted with your classmates or teacher? How? 

• If you could redesign the flipped classroom to make it better for you, what would it look 

like? 
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