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Abstract 

In recent years, secondary educational institutions have made a push to implement introductory 

AP Physics curriculums on their campuses to increase their academic reputation. While this 

decision might provide an increased marketing appeal for student enrollment, the 

instructional time needed to successfully raise a class’ conceptual physics understanding to the 

expected level of the College Board can be a challenge for even seasoned instructors. Traditional 

teaching methods might be sufficient for minimizing instructional unit time requirements, but it 

is Modeling Instruction that has proven to be a more effective approach for true student 

comprehension. Yet, Modeling Instruction generally requires more instructional time and seems 

to lean towards an extroverted learning modality. This study investigates the efficacy of 

implementing a flipped classroom approach relying on free web-based services to 

facilitate Modeling Instruction methods within a confined timeline that appeals to both 

introverted and extroverted students. Relying on results from the Force Concept Inventory score 

to assess conceptual understanding of forces content, and an AP College Board Free Response 

Question to assess computational understanding of forces content, the investigators found that 

the experimental group earned statistically higher scores on both assessments. These higher 

scores were achieved despite having a shorter instructional time frame compared to contrast 

groups which used a semi-traditional instructional approach incorporating some Modeling 

Instruction but primarily traditional lecture lesson delivery. It was also determined that there 

appeared to be no marked preference for traditional learning nor the flipped classroom approach 

by introverted and extroverted students.  
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Rationale 

Teaching AP Physics 1 is both a privilege and an extreme challenge. Working with 

learners of diverse capabilities during what is, for most students, their first foray into the 

complex world of physics often brings them experiences of simultaneous enlightenment and 

inexhaustible frustrations. Devising an instructional strategy that maximizes the former while 

minimizing the latter and ensuring that each of the AP Physics 1 objectives set forth by the 

College Board is adequately delivered within the seemingly paltry timeframe of a single school 

year can prove to be quite daunting for the secondary classroom educator.  The investigators seek 

to construct a successful instructional practice of the advanced placement physics curriculum by 

integrating two well-established educational approaches: Modeling Instruction and a flipped-

classroom design. 

        Together, Modeling Instruction embedded within a flipped classroom can potentially 

solve some critical obstructions to student learning encountered within the classroom 

investigators’ previous semi-traditional deployment of AP Physics instruction. This semi-

traditional approach consisted of class lecture and Modeling Instruction designed hands-on 

investigations followed by the assigning of homework problems using a textbook and class notes 

as guides. Based on prior personal experience, each of the investigators have consistently found 

there to be inadequate time for instruction, a deficiency of individual student processing 

opportunity, and insufficient effective resources at home for student use as the student works 

through homework problems.  With both traditional instruction and Modeling Instruction, in 

order for content to be fully understood and applied by students, the block of time that each 

objective requires for demonstrated student success grows too large to accommodate all 

objectives before the administration of the comprehensive College Board exam in May. This 

dilemma has often resulted in providing a “highlights reel” or a truncation of material in order to 

expose students to all objectives.  Ironically, this has likely resulted in sacrificing student 

comprehension of the very content they are being assessed for. 

        In addition to a lack of time, the investigators’ semi-traditional instructional approach has 

seemed to rob students of appropriate processing time and effective at-home resources. Lectures 

followed by group work on investigations results in a classroom that can be viewed as consistent, 

but also one that might not reach all types of learners. After lectures the classroom can be loud as 

all students are interacting with other students in small groups. While in class, there is generally 
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no provision for introverted learners who require a quieter environment to properly process new 

information. These students might find the appropriate environment at home; albeit, the 

instructor cannot be there to answer any questions that form during the solo processing time. For 

all students, it has been the experience of the authors that the textbook and class notes are often 

inadequate materials to allow students to confidently analyze conceptual and computational 

problems at home on their own. Learners are then either prone to give up thereby lagging further 

and further behind, or consume precious class instructional time asking for problems to be 

worked out and explained. The question then becomes, can Modeling Instruction blended with a 

flipped classroom approach ameliorate these common challenges? The authors attempted to 

determine if this amalgamated instructional methodology allowed both introverted and 

extroverted learners to achieve greater successes as compared to students in a semi-traditional 

classroom, without consuming more time. 

  

   

Literature Review  
  

In order to properly design and evaluate this study, research was gathered from three different 

arenas: (1) learning characteristics of introverted and extroverted students, (2) Traditional 

instruction versus Modeling Instruction, and (3) the flipped classroom.  

 

1. Personality Learning Styles 

In 1921, as a part of his personality psychology theory, Carl Jung proposed that all 

individuals fall somewhere on a personality spectrum of introversion to extraversion (Hao, 

Steingraeber, Yu, Clark, & Smith, 2015). Depending on where the individual falls, they will 

process new information and socially interact within their environment in a characteristic manner 

observable by others (Lee, Jin, & Yan, 2006; Luchins & Luchins 1984). This social interaction 

style has been found to correlate with cognitive characteristics pertaining to how an individual 

will learn (Irani, Telg, Sherler, & Harrington, 2003). For instance, extroverts, who prefer active 

and stimulating environments, learn through verbal expression of their thoughts and are attracted 

to large group settings or discussions while introverts, being more reserved, are less immediately 

verbal as they listen carefully to what others have to say (Holm-Adzovie, Essuman, & Nyarko-

Sampson, 2011). In contrast to extroverts who might be easily excitable and grow tired after long 
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periods of being alone, introverts prefer one-on-one conversation or discussion in small groups 

and quieter environments (Strelow & Davidson, 2002). Additionally, introverts need more time 

before speaking and are less likely to take risks compared to their more impulsive extroverted 

counterparts (Semin & Krahe, 1987). 

There are also some individuals, referred to as ambiverts, who fall in the middle of the 

spectrum and are able to comfortably engage in large social settings, while also appreciating 

ample alone time (Holm-Adzovie et al., 2011). Although some research suggests that the 

adaptable ambivert tends to succeed with ease due to their higher IQs (Stough & Brebner, 1996) 

it is the introverts and extroverts that might suffer when instructors fail to account for their 

learning predilections (Lawrence, 2015). With introverts performing better in lower-stimulus 

environments and extroverts performing better in higher stimulus environments, instructors 

might inadvertently cater to one learning style over another (Strewlow & Davidson, 2002).  

 

2a. Traditional Science Instruction 

       In the most prevalent instructional practice in American science education, the transmission 

model of instruction, students are exposed to content through lectures, presentations and 

readings, and are expected to absorb the transmitted knowledge in ready-to-use form (Mestre, 

1991). The biggest assumption in this style of teaching is that the learning presented by the 

teacher is automatically absorbed and understood by the student. In this style, if a student 

struggles with comprehension it is assumed that the teacher just did not present the material well 

enough. However, what this style of teaching fails to take into account is if a student’s cognitive 

development is just not at a level where they can understand the information being presented 

(Mestre, 1991). 

        This method has been prevalent throughout American history mainly by default. 

However, due to the work of Hestenes and Wells at Arizona State University we are seeing that 

it is not the most efficient method of instruction (Hestenes, 1987).  In 2005, a study conducted by 

Wenning determined that students much preferred a Socratic discussion format when contrasted 

with traditional lecture style classes where they felt much less engaged in lecture and were not 

able to retain the information as well (2005). For these reasons, a new style of teaching has 

started to gain prevalence.  
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 2b. Model Based Physics 

While there can be many fingers pointed in the science, technology, engineering, and 

mathematics (STEM) educational crisis that we face today, the poor performance typical of most 

students on physics examinations suggests that conventional methods for teaching problem 

solving are far from optimal (Halloun & Hestenes, 1985).  The beginning of a solution to this 

problem took many years of research by David Hestenes and his colleagues, but eventually they 

began to create the framework for what is known today as Modeling Instruction.  Created by 

David Hestenes and Malcolm Wells, the course content is organized around a small set of 

mathematical models that the students are led to create themselves. Unlike other forms of 

physics instruction, the curriculum is organized into Modeling Instruction cycles, which move 

students through all the phases of typical model development that practicing scientists use today. 

During instruction, students work together in small cooperative learning groups and constantly 

show their conceptual understanding. Modeling Instruction teachers start their classes with a firm 

understanding of where student preconceptions lie, and guide student discourse through Socratic 

dialogue and questions to hopefully make the models understandable (Hake, 1992; Wells et al., 

1995).  

        

2c. Modeling Instruction  

The cognitive process of applying the design principles of a theory to produce a model of 

some physical object or process is called model development or simply Modeling Instruction 

(Hestenes, 1987). The Modeling Instruction cycle mirrors scientific processes and primarily 

consists of three phases: development, deployment, and application (Megowan, 2010). The 

development phase of instruction is initiated with a pre-lab discussion. The teacher guides 

students to observe some physical phenomenon and determine what can be measured from these 

observations. A critical part of this discussion is to create a common vocabulary to be used when 

describing motion and interactions in the lab (Hestenes, 1987). The discussion ends with the 

teacher guiding the class to decide on what variables will be studied, and the students are then 

tasked with creating their own experimental procedure. The lab investigation then takes place, 

and data is recorded. The data are analyzed, and through graphical analysis a mathematical 

model is then created that represents the relationship in study. Students then display their 

findings on small whiteboards, present the results of their lab investigations to the class, and 
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determine what their model means in terms of the variables that are under study.  The teacher is 

equipped with a taxonomy of typical student misconceptions to be addressed as students are 

induced to articulate, analyze, and justify their personal beliefs (Halloun & Hestenes, 1985; 

Hestenes et al., 1992).  After all lab groups have presented, the teacher leads a post-lab 

discussion of the models to develop a general mathematical model that describes the 

phenomenon in question.  

Model deployment is the next phase of the Modeling Instruction cycle. In this phase 

students apply their newly discovered model to new situations to refine and deepen their 

understanding. Students work on challenging worksheet problems in small groups, and then 

present and defend their results to the class (Jackson et al., 2008). This further enhances student 

comprehension since the students are verbalizing their methods rather than just working out 

solutions independently on worksheets. The role of the teacher at this stage is to constantly 

question the students with new situations and encourage them to articulate how and why they 

solved a problem a certain way. This aims to get rid of any preconceptions. When students learn 

to correctly identify a physical system, represent it diagrammatically, and then apply the model 

to the situation they are studying, their misconceptions tend to fall away (Wells et al., 1995).  

The application, or assessment phase is fairly straightforward. Clearly, one role of the 

assessment is to ascertain student mastery of the skills and understanding of the concepts in the 

unit (Jackson et al., 2008). Lab practicums, where students need to use their developed models to 

solve real world problems, partially serve this role. This enables students to see their predictions 

become reality, rather than just something they have read in a textbook. Last in the application 

phase is the actual unit test. This is a final check for understanding. An equally important role in 

this phase is the feedback that test scores provide. This lets the teacher gain a better 

understanding of their own effectiveness, and in future units or school years create some best 

practices to share with others. As the school year goes on, all the generated models build upon 

themselves, and students are required to incorporate models developed in earlier units: this is an 

example of the spiral nature of the Modeling Instruction curriculum (Jackson et al., 2008). 

 

2d. Modeling Instruction Effectiveness 

Modeling Instruction is a more effective way of teaching students the scientific process 

that is used in industry and academia around the world. It teaches students to apply their science 
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understanding, and also enhances retention of fundamental physics concepts. From 1996 through 

1999, David Hestenes tested the learning of 12,000 students using an assessment method called 

the Force Concept Inventory (FCI). The FCI was developed to compare the effectiveness of 

alternative methods of physics instruction (Halloun & Hestenes, 1985; Hestenes et al., 1992). 

These 12,000 students were split up between traditional lecture style and Modeling Instruction 

classrooms (Colletta, Phillips, & Steinert, 2007).  One way to analyze performance that has been 

adopted by most academics is to quantify the pre/post-test gains by calculating the normalized 

gains (Hake, 1998). The results showed there was a higher normalized gain from the pre- to post-

test scores when students had been in a Modeling Instruction classroom. Lecture based classes 

yielded only a 22% mean gain, while Modeling Instruction classes garnered a 52% mean gain in 

test scores (Jackson et al., 2008). From Hestenes’ research, we can conclude that before students 

ever enter a physics classroom they hold naïve beliefs about mechanics which detract from 

physics understanding (Hestenes, 1997). Traditional lecture style instruction induces only a small 

change in these beliefs. This result is largely independent of the instructor’s knowledge, 

experience, or teaching acumen (Mestre, 1991). As the data shows, much greater changes in 

student preconceptions can be induced when using Modeling Instruction in the introductory 

physics classroom.  

Modeling Instruction has also been proven to promote a higher conceptual understanding 

of physics when compared to lecture classrooms. On the FCI there is no math necessary to finish 

the 30 given problems, so what is really being tested is the conceptual understanding of 

Newtonian mechanics (Hestenes, 1992).  We see that Modeling Instruction has significantly 

higher normalized gains when compared to the traditional lecture groups, and we can conclude 

that Modeling Instruction does improve conceptual understanding of basic physics concepts 

(Arsenault, 2014).  

Modeling Instruction is not without its faults. In 2003 a study was performed that 

separated small groups based on gender. In some classes there were mixed gender groups, and in 

other classes the groups were single gender. This study documented a gender gap between the 

performance of male and female students in high school physics classrooms (Zohar & Dori, 

2003), and since Modeling Instruction utilizes small groups for a majority of the classroom 

interaction, this gender bias can affect student performance. In a study conducted by Bradford 
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and Condes, the data revealed that organizing small groups by gender had a beneficial effect for 

women, while not affecting the males at all (2010). 

  

2e. Implications for Classroom Practice 

        Based on the Modeling Instruction literature reviewed, there are three implications for 

classroom practice. First, educators must adopt the Modeling Instruction cycle for high school 

physics classrooms. This means that labs come first, and are used for conceptual discovery rather 

than verification. Utilizing the small whiteboards for classroom presentation and discussion helps 

students verbalize their thoughts, which prepares them for life outside of the classroom in non-

academic environments. 

        Second, student-centered Modeling Instruction increases the conceptual understanding of 

fundamental physics concepts. Student engagement is at a higher level, and there are much better 

FCI gains throughout. Use of the Modeling Instruction cycle will help students change their 

wrong beliefs and solidify the correct knowledge. 

        Third, we see that Modeling Instruction better prepares students for life outside of the 

high school classroom. Not only do whiteboard presentations teach students to verbalize their 

internal thoughts, but students learn a real life scientific process. This is the overall goal of 

Modeling Instruction, to better prepare students for the scientific process after introductory 

physics. 

  

3a. The Flipped Classroom  

  While Modeling Instruction can aid in successful conceptual development of the AP 

Physics 1 content, the issue of integrating in-depth inquiry activities with thorough content 

coverage in such a way that students truly understand and can then apply the advanced physics 

content within allotted time frames is an issue (Tomory & Watson 2015).  Flipping the classroom 

is an approach that might help to alleviate this constraint.  A flipped classroom inverts the 

traditional method of instruction where class time is typically used to present and transfer 

material to students followed by the student then attempting to make sense of the material 

outside of class by solving homework problems (Lasry, Dugdale, & Charles, 2014).  In contrast, 

the flipped classroom then becomes an environment where students engage with the material 

initially at home thereby freeing up class time for use to solve problems with their peers and 
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apply their understanding of the new content in original contexts while the instructor is now 

available to answer questions (Berrett, 2012). In fact, the flipped classroom model may more 

effectively utilize the instructional skills and content expertise of the educator (Lasry et al., 

2014). Rather than simply presenting information to students in the form of a lecture, instructors 

can now use class time to interact with students whereby significant misunderstandings can be 

identified and eliminated as students are engaged to make connections using complex problems 

(Lasry et al., 2014). 

         The flipped classroom is certainly not a new instructional approach. University 

professors have long been expecting students to read about upcoming material prior to attending 

class so that they can successfully answer questions posed in a Socratic-style lecture hall (Berret, 

2012).  Yet, while a flipped classroom can be successfully implemented solely with the use of a 

textbook (Petersen, 2016), today’s high school classrooms can especially benefit from 

multimedia resources and particularly the “regular and systematic” use of interactive learning 

technologies (Strayer, 2012). These resources and technologies can be deployed to effectively 

move initial content exposure outside the classroom while using focused learning activities to 

move practice and application of concepts inside the classroom (Strayer, 2012). Implementing 

the expectation that students engage with these technologies such as podcasts or instructor-

generated interactive videos at home results in additional resources that students can rely on to 

develop their understanding of new material at their own pace. This in turn encourages students 

to take responsibility for their own learning since engaging resources are now available at home 

for students to refer to and look over as needed (Ng, 2014). Ultimately, there are three primary 

incentives for implementing a flipped classroom: 1) Class time can now be freed up for in-depth 

student discourse and engagement in interactive activities which facilitate better development of 

course material, 2) Course content can be delivered in multiple formats, which engages students 

of variable learning modalities, and 3) the flipped classroom can foster the development of 

students as self-learners (Mason et al., 2013). 

  

 3b. Pros and Cons of a Flipped Classroom 

        The benefits of a flipped classroom are abundant but particularly apparent in the realm of 

class time conservation (Ng, 2008).  Students who might have required longer or additional 

explanations in class are no longer constrained by the in-class pace of content delivery which is 
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generally aimed at the “middle ability level” group of students. With the option to re-read text or 

to stop and rewind instructional videos or podcasts as needed, a flipped classroom provides the 

slower learner the time needed to become comfortable with essential learnings (Ng, 2008). While 

using engaging multimedia resources at home, students move at their own pace to gain better 

understanding of the material. This results in more effective analytical peer discussions and 

collaborations in the classroom, since most students are now closer to the same level of content 

knowledge (Petersen, 2016). As students participate in rich conversations, the circulating 

instructor can then identify and correct any apparent misunderstandings immediately (Berret, 

2012).  This increased interaction between the instructor and peers not only facilitates accurate 

and more in-depth comprehension of course material, but also has the added benefit of fostering 

the development of a sense of being part of a team, which is an important factor in increasing 

student motivation (McDaniel & Caverly, 2010). 

        Not only does the flipped classroom allow for multiple formats of student-content 

engagement, which increases student learning by providing for varied learning modalities, it has 

also been shown to successfully cater to the needs of both extroverted and introverted learners 

(Herreid & Schiller, 2013). An extroverted learner tends to think and process information by way 

of engaging in conversation. On the other hand, an introverted learner generally prefers to work 

in solitude where they can process new informational pieces into “meaningful wholes” (Kline, 

2008; Overbaugh & Lin, 2006). Without effective content resources at home ahead of time, a 

discussion-rich class period, while beneficial for the extrovert who is quickly able to think out 

loud, might leave introverted students behind (Herreid & Schiller, 2013). Research has shown 

that these students may require greater processing time, which makes participating in a group 

discussion potentially frustrating for them. As soon as introverts are able to voice what they want 

to say, the extroverts may have carried the conversation on to the next point (Kline, 2008). 

Providing resources and designing instructional time in such a way that allows students to both 

engage with the material in solitude at home and also participate in group conversations while in 

class, may minimize student frustrations and help both introverts and extroverts to remain 

motivated (Lage et al., 2000). 

        One unexpected advantage of the flipped classroom is a potential increase in positive 

parent interest. The at-home multimedia resources now provide a “direct-link” to their child’s 

classroom and allows for parents to be “actively engaged in their child’s education” (Alvarez, 
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2012). Physics has traditionally been seen as difficult by the public (Mulhall & Gunstone, 2008), 

and with a traditional approach where students are asked to solve problems at home, parents may 

feel as if they cannot help their child.  By flipping the classroom and providing resource 

materials that present content in an engaging manner, parents can participate in the learning 

process with their student and offer support along the way (Alvarez, 2012). 

        Despite these advantages, the flipped classroom approach may still cause educators to 

hesitate before adoption.  The creation and archiving of the engaging multimedia resources, in 

addition to the development of a system for student accessibility, can require a significant 

amount of teacher preparation time (Herreid & Schiller, 2013). Further time may also need to be 

devoted to addressing student questions submitted from their home or analyzing student 

responses to interactive media questions (Berret, 2012). Aside from the concern of how much 

extra time a teacher needs to devote to the development of a flipped classroom, the model 

requires that students actually engage with the provided resources.  This presents two potential 

pitfalls: 1) not all students have access to web-based resources at home, and 2) not all students do 

their homework (Ng, 2014). While the latter is a problem inherent in any instructional model, 

instructors will still need to form a plan for how to handle these unprepared students.  Since class 

time will be dominated by group investigations and peer-discussions, educators will need to 

consume additional planning time to design a system that prevents underprepared students from 

socializing rather than engaging in meaningful learning activities (Moran & Young, 2015). When 

teacher preparation time is as precious as instructional time, and the entire philosophy of a 

successful flipped classroom is predicated on students participating both inside and outside of 

class (Stayer, 2012), the transition from the traditional to flipped approach is not without its 

shortcomings. 

  

3c. Successful Implementation of the Flipped Classroom 

        In order for a flipped classroom to most likely yield demonstrable student successes 

while simultaneously minimizing pressures on the instructor, researchers have determined that 

there are several effective guidelines which should be implemented. On the first or second day of 

the school year, students must explicitly be instructed in how to be a student in a flipped 

classroom. This includes demonstrating to students how to access and utilize the resources 

integral to their outside-of-class participation in addition to helping students to “understand the 
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process and expected outcomes” of the approach (Moran & Young, 2015).  When using digital 

media, duration of the video or podcast that the student has been assigned should be less than 20 

minutes in order to be the most effective for student engagement and content retention (Tomory 

& Watson, 2015). Additionally, it is important that at-home resources and in-class investigations 

and discourse are carefully aligned so that all portions of the learning experience “coherently 

support one another” (Strayer, 2012). Also recommended is the expectation that students provide 

some tangible demonstration that they have completed their engagement with the outside-of-

class materials (Moran & Young, 2015).  Whether the instructor creates a set of short-response-

follow-along guided questions for students to fill out as they participate or utilizes an interactive 

technology such as EduCanon (www.educanon.com) or EduPuzzle (https://edpuzzle.com/) that 

collects student responses to instructor-developed videos, the students must provide individual 

evidence that they have processed the material assigned (Moran & Young, 2015). Finally, it is 

recommended that instructors seeking to flip their classroom should partner with a team in order 

to minimize the number of resources any single instructor needs to create (Lage et al., 2000). 

With these recommendations, a successful flipped classroom can result in greater student 

academic gains on course exams, decreased student frustrations, decreased failure rates, 

increased student engagement, and overall increased student and instructor enjoyment of the 

course (Herreid & Schiller, 2012; Ng, 2014; Tomory & Watson, 2015).  

 

Building on the Existing Research 

Modeling Instruction has been documented as providing increased conceptual 

understanding of physics content by directly addressing and therefore minimizing student 

misconceptions. However, within an AP Physics course where the content is strictly regimented, 

the interaction time with content is often less than that which a true Modeling Instruction 

framework demands. Additionally, the discourse heavy approach inherent in Modeling 

Instruction might place introverted students who need extended time to think before responding 

(Lawrence 2015) at a disadvantage.  These undesired aspects can hopefully be eliminated or at 

least minimized by incorporating a flipped classroom which allows students the opportunity to 

interact with the content at home thereby providing independent processing time for students and 

preserve classroom time for monitored application of the material.  This potentially synergistic 

pedagogical pairing should then help to create an adequate amount of time in which all required 
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content can be covered and both introverted and extroverted students are able to demonstrate a 

measure of content comprehension success.   

  

Methods 

To ascertain the effect of a flipped classroom with modeling instruction, students in both the 

experimental and contrast groups were administered a pre/post Force Concept Inventory 

assessment, and an AP College Board Free Response Question pertaining to forces. Students in 

both groups also completed a self-evaluation, which allowed for the determination of whether 

they were introverts, extroverts, or ambiverts. An end-of-unit qualitative survey was then 

administered to those students in the experimental group. This survey provided student feedback 

regarding the experimental resources and instructional method. 

Subjects 

Investigator 1: Investigator 1 works at a medium-sized, public urban high school in central 

Phoenix, AZ. The school has an enrollment of approximately 1800 students in grades 9-12 with 

approximately 78 % of the students on free/reduced lunch. Investigator 1 teaches 16 AP Physics 

1 students, 14 of whom provided data for this investigation. These 14 students are comprised of: 

 10 seniors and 4 juniors 

 10 males and 4 females 

 11 introverts, 3 extroverts, and 0 ambiverts 

  

Investigator 2: Investigator 2 works at a medium-sized, public urban high school in central 

Phoenix, AZ. The school has an enrollment of approximately 2000 students in grades 9-12 with 

approximately 65% on free/reduced lunch. Investigator 2 teaches 70 AP Physics 1 students, 51 of 

whom provided data for this investigation. These 51 students are comprised of: 

 41 seniors and 10 juniors 

 28 males and 23 females 

 22 introverts, 25 extroverts, and 4 ambiverts 

   

Contrast Group 1: 

Contrast group 1 consists of one AP Physics class of 22 students at a medium-sized public urban 

high school in central Phoenix. The school is comprised of approximately 2,000 students with 

78% of those students earning free/reduced lunch benefits. Contrast group 1 instructor is a 
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trained modeler, but integrates Modeling Instruction and traditional lecture methodologies in 

their AP Physics 1 instruction. This instructor provided data for 21 students in their semi-

traditional classroom. These 21 students are comprised of: 

 10 seniors and 11 juniors 

 10 males and 11 females 

 8 introverts, 13 extroverts, and 0 ambiverts 

 

 Contrast Group 2: 

Contrast group 2 consists of one AP Physics class of 26 students at a medium-sized urban high 

school in the Phoenix metropolitan area. The school is comprised of approximately 2,000 

students with 65% of those students earning free/reduced lunch benefits. Contrast group 2 

instructor deploys a traditional lecture methodology in their AP Physics 1 instruction 

supplemented with Modeling Instruction curriculum materials available on the AMTA website 

despite no training in Modeling Instruction. This instructor provided data for 18 students in the 

semi-traditional classroom. These 18 students are comprised of: 

 15 seniors and 3 juniors 

 9 males and 9 females 

 10 introverts, 6 extroverts, and 2 ambiverts 

 

Supplemental Contrast Group 3  

Contrast group 3 is taught by the same instructor as contrast group 1. However, the students in 

this group are non-AP students in a general physics course rooted entirely in Modeling 

Instruction. While these students participated in some aspects of the contrast group data 

collection, others were not relevant. This group provided data for 16 students used solely to 

evaluate the effects of pure Modeling Instruction on FCI normalized gains by learning 

modalities. Overall gains as a whole for this lower-level group were not reviewed due to 

discrepant content populations. 

Procedure for Treatment 

1. Pre-assessment of student abilities and learning modalities 

During the first week of school, both experimental and contrast group instructors asked 

students to complete the Force Concept Inventory (FCI) pre-test in addition to a self-ranking 20-

binary question survey designed to assess whether students consider themselves to be 
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introverted, extroverted, or ambiverted (Cain, 2011). Additional data collected at this time was 

student gender and academic year. Please note that for the sake of distinguishing this particular 

learning style from that of kinesthetic/visual/auditory learning styles as well as differentiating 

from the Myers-Briggs personality associations, the authors will refer to this style of learning 

based on personality as learning modality. 

2. Permission 

 All students in the experimental groups were asked to have parents evaluate, and 

voluntarily sign, a permission form to allow their data to be used in this investigation. If students 

OR their parents chose not to allow their anonymous data to be included in the study, the student 

received no consequences as a result. However, all students enrolled in the courses taught by 

experimental group instructors were expected to complete all data pieces regardless of whether 

or not it would be able to be used.  

3. Pre-Treatment Instruction 

 Both experimental instructors began their school year using their familiar teaching 

methodologies. Since both instructors are trained modelers, this methodology is considered to be 

a mixed-methods style utilizing the benefits of a paradigm-lab based unit design and the explicit 

information delivery system of a lecture. Students had electronic access to Etkina’s College 

Physics textbook (Etkina, Gentile, & Van Heuvelen, 2013) in addition to any notes they took on 

their own from lectures. This instruction style was utilized for the beginning units of one-

dimensional and two-dimensional kinematics which took about 7 weeks altogether. Experimental 

investigators did not communicate nor collaborate for instructional elements during these pre-

treatment units. 

4. Treatment 

As the experimental instructors were each ready to begin the forces unit, some class time 

was devoted to introducing students to the change in instructional methodologies and 

familiarizing students with the main resources they would now be expected to use: OpenStax 

online text and EdPuzzle.org. As a class, students were guided to create their free accounts at 

EdPuzzle so that their interactive responses to instructor-curated videos could be logged and 

evaluated. These interactive videos were found on free, public sources. Neither instructor found 
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time to create completely original videos from scratch. Modifying existing videos with well-

timed and pointed questions was the primary manipulation of the interactive videos. The online 

text was not altered in any way. Students were assigned both reading sections and text questions 

accompanying the reading selections. Students were explicitly informed that the videos and 

readings would not be considered optional as they might have been up to this point.  

The following sub-topics were included for instruction in the treatment unit: 

 Introduction to vectors 

 Force diagramming and labeling 

 Inertia and Newton’s first law of motion  

 Acceleration and Newton’s second law of motion 

 Action-reaction force pairs and Newton’s third law of motion 

*Each of these same sub-topics was also delivered to all students in the contrast groups. 

The investigators agreed to use the same materials for each part of the unit but did not expect one 

another to comply with the same sequence of instruction. Additionally, the investigators agreed 

not to implement a specific timeline so as to better determine a comfortable pacing of the 

instruction. Differences in the total time spent on the unit would be a component of the data 

analysis.  

Each sub-objective within the forces content, as outlined by the College Board for AP 

Physics 1, was instructed in the same general way for both experimental investigators: 

a) An introductory video either portraying the paradigm lab setup or a thought-

provoking look at the upcoming topic would be assigned via EdPuzzle at home the 

evening before relevant discussion of the new topic began. If a paradigm lab was 

used, essential questions normally posed during class regarding variables and 

relationships were embedded in the videos for students to answer. If the video was 

more of a mental-stoker, then pointed questions, designed to get at current 

misconceptions held by the student, were asked. 

b) Upon arriving in class the next day after the video, students would begin a quick 

discussion regarding their responses which allowed the group to move quickly into 

the lab or activity that would kick off the objective lesson. 
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c) At the conclusion of the lab or activity, students were asked to whiteboard their 

results and engage in a guided discussion regarding the findings.  

d) After the discussion session, students were given class time to collaborate with their 

peers on practices designed to force students to confront their possible 

misconceptions regarding the topic. Partner discussion was encouraged and often 

erupted into focused class discourse regarding the concepts. 

e) Students would be assigned a relevant text selection with accompanying questions or 

an interactive video that supplemented the discourse from earlier that day. 

f) During subsequent class sessions, student time would be focused on actively 

engaging with the content through Modeling Instruction curriculum practices, Etkina 

active learning questions, hands-on activities, and intentional discourse. Subsequent 

home assignments served to reinforce student learnings from the class period rather 

than provide an initial foray into problem-solving. Students were always free to 

message instructors via Remind101 for instant responses to general student questions. 

g) Mini-quizzes were held during class every three to four days. Quizzes were 

completed independently and graded right away followed by a discussion or were 

discussed the next day.  

h) An AP-style exam was administered at the very end of the completed forces unit. 

5. Post-treatment 

At the conclusion of the AP-styled forces unit exam, students were asked to complete a 

semi-qualitative Likert-scale survey designed to ascertain students’ perspectives on the 

experimental resources and style. At the very end of the year, the experimental groups and 

contrast groups administered the FCI post-test in order to assess conceptual comprehension of 

forces content. Instructors were each asked to not encourage students to study for the assessment 

by reminding them what topics to focus on. Additionally, experimental groups and contrast 

groups 1 and 2 were asked to administer a Free-Response Question (FRQ) created by the College 

Board which assessed conceptual and computational skills pertaining to forces and Newton’s 

laws of motion (Appendix B). 
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Quantitative Data Analysis 

Once all data pieces had been collected, FCI pretest and posttest scores were used to 

calculate a normalized gain score (equation 1) for all groups 

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝐺𝑎𝑖𝑛 𝐶𝑜𝑚𝑝𝑢𝑡𝑎𝑡𝑖𝑜𝑛 =  
𝑃𝑜𝑠𝑡 𝑡𝑒𝑠𝑡 𝐹𝐶𝐼 𝑠𝑐𝑜𝑟𝑒−𝑃𝑟𝑒 𝑡𝑒𝑠𝑡 𝐹𝐶𝐼 𝑠𝑐𝑜𝑟𝑒

𝑀𝑎𝑥 𝐹𝐶𝐼 𝑠𝑐𝑜𝑟𝑒 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒−𝑃𝑟𝑒 𝑡𝑒𝑠𝑡 𝐹𝐶𝐼 𝑠𝑐𝑜𝑟𝑒
 . 

 

Normalized gain computations allow for the normalization of scores from populations that might 

not be equal in their variation (Hake, 1998).  In contrast, an absolute correct score evaluation of 

the FRQ assessment was used in the data. The FRQ was scored using a College Board provided 

rubric so that those FRQs graded by different investigators would not be graded subjectively 

thereby minimizing potential errors in analysis results. The FRQ was only analyzed for those 

instructors working with AP Physics 1 content.  

Qualitative Data Analysis 

 The qualitative survey was then analyzed question by question using a non-parametric 

Mann-Whitney U test. Response frequency was compiled according to both learning modalities 

as well as the group as a whole. Special attention was paid to the percentage of students within 

the group who were in “agreement” (a score of 3 or 4) versus those who were in “disagreement” 

(scores of 1 or 2). 

 To minimize the detrimental effects of small sample sizes, investigators 1 and 2 were 

combined into a single experimental group and contrast groups 1 and 2 were combined into a 

single contrast group. This provided 65 students receiving the experimental treatment and 39 

students in the AP Physics 1 contrast group. Even with this decision, the sample sizes of both 

groups remain less than scientifically ideal. For learning modalities analysis, those students 

scoring as ambiverts on the assessment survey were only included in the discussion as a part of 

the whole group, or qualitatively. This is due to the severe shortage of student representatives for 

this particular learning modality. While charts reveal the results of ambivert scores, and 

observational commentary will appear in this paper regarding their apparent results, no statistical 

analysis discussion will take place regarding those sets of scores.  

 

(1) 
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Results 

 Quantitative Data: General comparison of means for experimental vs. contrast groups 

 

 

 

 

 

 

 

 

Looking at figure 1, the mean normalized gains on the FCI appear to be greater for the 

experimental group as opposed to the contrast groups. To determine if these FCI gains were 

actually significantly different from that of the contrast group, an independent samples t-test was 

run with an alpha level of 0.05. Table 1 displays a 𝑝 value of 0.00 ( 𝑝 < 0.05) and therefore 

reveals that the increased mean for the experimental group is unlikely to be due to random 

variation amongst the groups.  

 

 

 

 

 

 

 

Table 1. The SPSS results of running an independent samples t-test for 

normalized FCI gains within the experimental and contrast groups. 

Figure 1. A comparison of mean normalized gains on the Force Concept 

Inventory between the experimental and contrast groups. 

52.34% 

31.10% 
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Although populations of students involved might not be similar, normalizing the gains helped to 

minimize any potential differences. With a 𝑝 value of 0.17 ( 𝑝 > 0.05), a Levene’s Test of 

Equality of Variances indicates that the normalization was effective at doing exactly that. The 

null hypothesis that there is no difference between the mean of normalized gains on the FCI for 

the different instructional strategies being reviewed is therefore rejected. The authors confidently 

claim that experimental methodology was more successful at increasing students’ conceptual 

understanding of introductory forces content compared to traditional teaching methodologies as 

assessed by the FCI. Providing students a consistent and interactive set of resources, accessible 

from home, in conjunction with rich class time discussion designed to specifically target 

common misconceptions seems to allow students an opportunity to process the content in a way 

that traditional or other semi-traditional methods might not.  

 

 

Figure 2 also reveals a larger average score earned on the College Board FRQ by experimental 

group students compared to contrast group students (6.6 / 15 points earned on average as 

opposed to 2.54 / 15 points on average). While statistical analysis of the results indicates that the 

experimental group had a significantly higher mean compared to the contrast group (𝛼 = 0.05,  

𝑝 −value of 0.00, 𝑝 <  0.05) the Levene’s Test indicates that there was a also a significant 

variation between the experimental and contrast groups (table 2).   

 

Figure 2. A comparison of mean scores earned on the forces based AP College Board Free 

Response Question between the experimental and contrast groups.  

6.6 / 15 

2.5 / 15 
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Despite this, the authors are confident the discrepancy in instructional methodologies is a large 

contributing factor for the higher gain in scores as supported by the  𝑝 –value of 0.000 for equal 

variances not assumed.  

The authors do think it is important to note that, in AP Physics courses, there are often 

students concurrently enrolled in AP Calculus sitting alongside students who are taking general 

level Algebra 2. Since the goal of the FRQ was to assess computational understanding of forces 

unit objectives, perhaps the ratio of calculus students to non-calculus students was significantly 

different for the experimental group as opposed to the contrast group individuals. This was not a 

factor analyzed during the investigation, but it is now apparent that this might be a critical 

component to student success on a computational assessment for any type of instructional 

methodology. While a normalized gain analysis can assist in better comparing scores between 

variant populations, a pre-test is required in order to do so. Future researchers might benefit by 

ensuring all investigatory assessments have a pre and post component in order to help minimize 

unavoidable population variations such as those that might have existed here. 

In the big picture, if these mean FRQ scores could be extrapolated to represent student 

performance on the AP Physics 1 exam as a whole, with a 16% score, students in the contrast 

group would not earn a passing score on the assessment. However, if College Board cutoff 

scores designated as passing remain the same as they have been in the past two years, the 44% 

score of students in the experimental group means they would indeed pass their exam. This is a 

Table 2. The SPSS results of running an independent samples t-test for FRQ 

scores within the experimental and contrast group. 



Page 24 of 54 

secondary goal of the authors in the classroom. While the primary goal is to provide students 

with a thorough understanding and appreciation for introductory Physics in general, students in 

an AP Physics course should be able to pass their AP Physics exam. Despite the fact that a 44% 

score leaves much room for improvement, it is at least a better launch point into greater success 

than a 16%.  

Quantitative Data: Comparison of means by learning modalities for experimental vs. contrast 

groups 

     Initially, based on the investigators’ personal experience in the classroom and learning 

characteristics of students according to their learning modality as established by existing research, 

the authors expected that the highly interactive and discourse-centric methodologies of Modeling 

Instruction might cater to a more extroverted learner. In contrast, it seemed that the isolationist 

tendencies of a traditional lecture-style classroom might cater to a more introverted student. In 

order to assess this expectation and also to determine whether or not a flipped classroom could 

appeal to both types of learners, a two-way ANOVA test was run, first on normalized FCI gains 

and then on FRQ scores.  

 

 

 

 

 

 

 

 

 

 

Figure 3. A comparison of mean normalized gains earned on the FCI 

between the experimental and contrast groups for each of the three 

learning modalities.  

55.14% 

47.12% 

33.67% 

26.63% 
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While figure 3 suggests that introverts performed better on the FCI than their peers in both groups, 

the parallel slopes in figure 4 illustrate that the difference in gains between the introvert and 

extroverts appear to be about the same even with the discrepancy in instructional methods.  

 

 

 

 

 

 

 

 

 

A similar, but less distinct pattern emerges when looking at figures 5 and 6 which represent the 

comparison of mean FRQ scores for both instructional groups as broken down by learning 

modality. Again, introverts appear to have performed better than extroverts in both the 

experimental group and contrast groups (figure 5), but the difference in performance appears to 

be about the same (figure 6). 

 

 

 

 

 

 

 

Figure 5. A comparison of mean scores earned on the FRQ assessment for 

experimental and contrast groups subdivided by learning modality.  

Figure 4. A comparison of mean normalized gains earned on the 

FCI between the experimental and contrast groups for each of the 

three learning modalities.  

6.78 
6.40 

2.56 

2.16 
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Careful analysis of the data in tables 3 and 4 reveals that there is no significant difference in 

success based on learning modality for students in the experimental and contrast groups for 

either of the assessments executed (FCI 𝑝 =  0.196 and FRQ 𝑝 =  0.226 both of which are 

greater than the alpha value of 0.05).  

 

 

 

 

 

 

 

 

Figure 6: A comparison of mean scores earned on the FRQ assessment for 

experimental and contrast groups subdivided by learning modality.  

Table 3. The SPSS results of running a two-way ANOVA test for mean normalized gains on the FCI within the 

experimental and contrast groups as separated by learning modality. 
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Table 4. The SPSS results of running a two-way ANOVA test for average FRQ scores within the 

experimental and contrast groups as separated by learning modality. 

 

 

 

 

 

 

 

 

Whereas students in the experimental group earned significantly higher overall scores in general 

(as revealed earlier), the mean scores for introverts as opposed to extroverts were not 

significantly different from one another in neither the flipped classroom nor the semi-traditional 

classroom. Additionally, one of the contrast group instructors was able to provide pre and post 

FCI data from a pure Modeling Instruction general level classroom and when a normalized gain 

analysis was conducted, it was found that there might not be a particular learning modality 

catered to by Modeling Instruction as expected by the authors prior to investigating (figure 7).  

 

 

 

 

 

 

 

 

 
Figure 7. A comparison of mean normalized gains on the FCI for 

flipped, semi-traditional, and pure Modeling Instruction subdivided by 

learning modality.  
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Of the experimental, semi-traditional, and pure Modeling Instruction methodologies, the 

Modeling Instruction group displays the smallest variation in FCI normalized gains between 

introverted and extroverted students. As revealed in table 4, introverts in the pure Modeling 

Instruction course earned a mean normalized gain of 14.56%  as compared to their extroverted 

peers who earned 14.71% for a difference between the groups of only 0.15%. In contrast, the 

diffence between the two learning modalities was 8% for the experimental group and 7% for the 

contrast group. 

 

 

 

 

 

 

 

 

 

Although statistical analysis results have been ignored for the ambiverts due to their 

small sample size, the authors feel obligated to consider the data holistically. It is interesting to 

note that, with the exception of the experimental group’s FRQ results, the ambiverts appeared to 

perform higher than their peers in each of their respective classrooms and were the least affected 

by a change in teaching methodologies. Ambiverts experienced only a 9.8% difference between 

the semi-traditional and flipped classrooms as compared to 21.7% difference for introverts and 

20.5% difference for extroverts (table 4). While it is beyond the scope of this particular 

investigation, the authors do think further research is warranted regarding verifiable success of 

ambivert students compared to their more dichotomous peers in semi-traditional style classrooms 

as suggested by figures 3 – 6. In general however, the authors view these findings about the 

rather uniform success of students, regardless of their individualized learning mode, positively. 

Table 4. The SPSS results of running a two-way ANOVA test for mean normalized gains on the 

FCI by learning modalities within flipped, semi-traditional, and pure Modeling classrooms. 
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This suggests that students have acclimated to the variety of instructional methodologies in a 

classroom, and that if instructional methodologies are designed to focus on improving general 

student comprehension of content, then perhaps all students in the classroom are likely to benefit 

equally. 

Comparison of means and timeframes for experimental vs. contrast groups 

Ultimately, the primary focus of this investigation was to determine if an instructional 

methodology could be quilted together from several research-backed existing methodologies that 

would allow maximum learning of forces content in a minimal timeframe. Based on the data 

gathered from the experimental and contrast groups, it appears that the flipped with Modeling 

Instruction treatment has made good headway towards that goal. Table 5 illustrates that 

significant gains were achieved by the experimental group on both key assessments while 

managing to save a minimum of 5 instructional days. To those uninitiated in the AP Physics 1 

classroom, 5 days may not seem like a monumental advantage, but the authors can assure those 

who doubt it that 5 days is quite a treasure. Those 5 days could be reallocated towards addressing 

misconceptions in some of the more obscure College Board AP Physics 1 topics or possibly the 

deployment of additional activities that allow students to better comprehend the objectives. 

 

Table 5. Group Comparison of Timeline and Assessment Results 

Group Instructional Time 

for Forces Unit 

Average Normalized 

FCI Gains 
Average FRQ Score 

Experimental  5 weeks 52.34% * 6.60 / 15 * 

Contrast  6 – 7 weeks 31.10 %  2.54 / 15  

* 𝑝 < 0.05    

 

 Qualitative Data: Item Analysis of Student Responses to Likert Survey Regarding the Flipped 

Classroom resources 

In general, analyzing student responses to the survey questions revealed that there was no 

significantly different perception of the resources provided in the flipped classroom when 

evaluated by students of differing learning modalities (table 6). As mentioned earlier, the authors 
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perceive this positively since it indicates that no one type of student was catered to by the 

resources or approach implemented by the experimenters.  

Table 6. Non-Parametric Statistical Analysis of Survey Responses By Learning Mode 

Question Learning Mode N Mean S.D. Sig. 

1 Introvert 36 3.53 .609 0.417 

Extrovert 25 3.32 .690 

2 Introvert 36 3.17 .737 0.852 

Extrovert 25 3.08 .702 

3 Introvert 36 2.83 .775 0.190 

Extrovert 25 2.76 .663 

4 Introvert 36 2.44 .909 0.657 

Extrovert 25 2.64 1.04 

5 Introvert 36 3.47 .609 0.364 

Extrovert 25 3.28 .458 

6 Introvert 36 3.11 .747 0.366 

Extrovert 25 3.32 .627 

7 Introvert 36 3.42 .554 0.592 

Extrovert 25 3.56 .507 

 

While each survey question was constructed with its own specific purpose, the questions 

in entirety serve to ensure a semblance of quality control for the flipped classroom resources and 

to garner a sense of whether students enjoyed the experience. The schools where each instructor 

works do not have any other instructor implementing a flipped classroom nor Modeling 

Instruction. This means that this study provided the students in the experimental group with their 

first exposure to this non-traditional style. Other than a few students who consistently 

complained that they lacked access to the internet, neither instructor received any type of lash 

back from students at any point during or after the investigation. Whether that was because 

students had been primed ahead of time that this was a potentially temporary experience or 

simply because both instructors perpetually fostered a caring environment and a strong sense of 

trust between the instructor and the student as well as between the students as a group, is not 

within the scope of this study and therefore was not followed up on. Regardless, this survey was 

the only formal student feedback instrument providing data for analysis.  
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Question 1: This question was designed to assess student perception of the quality of resources 

provided for students when they were used outside of the classroom. While instructors can 

manage and control the in-class experience, it is the at-home experience that is open to unknown 

variability. Between the online OpenStax text and a multitude of hand-selected and modified 

videos, it was the goal of the authors to ensure that any time students spent with the materials on 

their own would be perceived as useful rather than as busy work. Table 7 provides evidence that 

an overwhelming majority of students (91%) agree that the materials were helpful. Additionally, 

with a meta-group median score of 4 out of 4, at least half the group strongly agree. Although the 

extroverts had a slightly greater negative response than the introverts (7.4% as compared to 

5.1%) both learning modalities weighed in about equally in favor of the helpfulness of the 

resources. These results indicate that the resources were curated appropriately.  

 

Q1) I thought the at-home text and interactive videos were helpful. 

4 – Strongly Agree 3 – Agree 2 – Disagree 1 – Strongly Disagree 

(A) (B) (C) 

   

   
Table 7. Statistical analysis of experimental group qualitative assessment survey question 1. (A) experimental group as a whole (b) 

introvert responses (c) extrovert responses  
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Question 2: Based on the research conducted prior to beginning this study, if students find a 

resource engaging it seems likely that they will voluntarily use it (Ng 2014). This question was 

designed to assess whether the resources provided were adequately engaging to the students. A 

median score of 3 for both subgroups and the meta-group indicates that most students agree the 

resources were engaging. While 49% of the introverts strongly agree, only 26% of the extroverts 

concurred with them. With this subgroup discrepancy, and nearly 20% of the class disagreeing 

with the question (table 8), it is evident that there is room for improvement. Whether it was the 

text that was lackluster or the videos is unable to be ascertained. From the instructor perspective, 

trying to find existent materials that convey the precise content that would align to the in-class 

discourse in addition to satisfying student engagement needs, proved to be rather challenging. As 

a result, this score, reflecting that the majority of all groups found the resources engaging, is 

actually refreshing for the authors to see. 

 

Q2) I thought the at-home text and interactive videos were engaging. 

4 – Strongly agree 3 – Agree 2 – Disagree 1 – Strongly disagree 

(A) (B) (C) 

   

   
Table 8. Statistical analysis of experimental group qualitative assessment survey question 2. (A) experimental group as a whole (b) 

introvert responses (c) extrovert responses  
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Question 3: Fundamental to a successful flipped classroom is providing students an opportunity 

on their own to interact with selected resources and students proceeding to voluntarily do so 

(Stayer 2012). The authors are very disappointed to see that over a quarter of all groups 

disagreed with this question. Even though a quarter disagreeing means that the majority in each 

group agreed that they revisited the resources for assistance when solving problems (table 9), the 

purpose of at-home resources is for all students to utilize them. Having said this, a quarter of the  

students not using the resources as reference when needed can be interpreted in multiple ways. 

Either students did not find the resources to be helpful for such a purpose as solving problems, or 

perhaps the students did not need them and found problem solving at home to be non-

challenging due to the increased practice worked on during class time. Keeping these 

possibilities in mind combined with a meta-group median score of 3, the authors still view this 

result as a success since not a single student in the experimental group selected “strongly 

disagree”. 

 

Q3) I referred back to the text and videos when solving problems. 

4 – Strongly Agree 3 – Agree 2 – Disagree 1 – Strongly Disagree 

(A) (B) (C) 

   

   
Table 9. Statistical analysis of experimental group qualitative assessment survey question 3. (A) experimental group as a whole (b) 

introvert responses (c) extrovert responses  
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Question 4: Although 51% of introverts and 55% of extroverts agreed that they prefer learning 

via the flipped method, it is interesting to see that twice as many extroverts strongly agree that 

they prefer learning this way as compared to the introverts. This is not an unexpected finding 

based on researched learning mode preferences. However, with the lowest meta-group median 

score of all the questions (a 2), and the only question of the entire set where students selected the 

option of “strongly disagree”, the authors find these results difficult to interpret. Could the half 

of students (52% as a whole according to table 10) receiving the experimental methodology 

disagree that they prefer learning new material at home rather than via a lecture in class due to a 

comfort level with the familiar lecture built up during many years in traditional classrooms? Or 

perhaps it is a simple resistance to new instructional techniques in general? The low score might 

also indicate that students find it less frustrating when new information is explicitly hand-

delivered rather than woven themselves through inquiry investigations and analytical discourse. 

Would it affect student response if the student was made aware that the flipped methodology 

allowed them to achieve significantly higher gains than their peers in a semi-traditional 

Q4) I prefer learning new material using the at-home text and interactive videos rather than  

       watching a lecture during class. 

4 – Strongly Agree 3 – Agree 2 – Disagree 1 – Strongly Disagree 

(A) (B) (C) 

   

   
Table 10. Statistical analysis of experimental group qualitative assessment survey question 4. (A) experimental group as a whole (b) 

introvert responses (c) extrovert responses  
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classroom? Unfortunately, there is not enough evidence to figure it out one way or the other 

without additional research.  

Question 5: The authors made every effort to ensure that selected videos would not become 

cumbersome to students by either intentionally selecting short videos or truncating extended 

videos to comply with an agreed upon 3 to 10 minute runtime. However, using EdPuzzle allowed 

the incorporation of questions for students to answer which might have extended the video run 

time by several minutes or more depending upon the mental processing speed of students. With 

over 90% of introverts and 100% of extroverts responding that they agree with this question 

(table 11), it is evident that students did not mind those occasional videos that might have run 

beyond the preferred maximum length.  It is interesting to note that although introverts had 

nearly 50% of their members choosing “strongly agree”, they were the only group to have any 

members choosing “disagree” as a response to this question.   

Q5) I thought the length of the videos was convenient. 

4 – Strongly Agree 3 – Agree 2 – Disagree 1 – Strongly Disagree 

(A) (B) (C) 

  

 

   
Table 11. Statistical analysis of experimental group qualitative assessment survey question 5. (A) experimental group as a whole (b) 

introvert responses (c) extrovert responses  
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Question 6: This question was intended to determine if one learning modality out of the two 

might prefer the option of pausing a video or re-reading a text passage to assist in their 

processing of new material. It is interesting to find that while no statistical difference between 

their means exists, the extroverts did have a higher agreement response than the introverts -93% 

as compared to 80% (table 12). Given the characteristic extroverted preference for learning 

through discussion and active investigations, these results are not unexpected.  What was 

unexpected was discovering that nearly 21% of introverts did not perceive the benefit of a video 

(including some video lectures) which could be paused. Despite this puzzling result, 85% of the 

group as a whole realized the opportunity for greater processing time existed at the touch of a 

screen. Offering a more dynamic resource such as the interactive videos, to supplement 

textbooks and notes might serve to assist students in better absorbing new learnings. This is 

hopeful for those teachers unable or unwilling to abandon traditional lecture methodologies.  

Q6) I thought the at-home text and interactive videos allowed me more time to process the new  

       information compared to receiving a lecture during class. 

4 – Strongly Agree 3 – Agree 2 – Disagree 1 – Strongly Disagree 

(A) (B) (C) 

   

   
Table 12. Statistical analysis of experimental group qualitative assessment survey question 6. (A) experimental group as a whole (b) 

introvert responses (c) extrovert responses  
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Question 7: The text and/or videos were assigned daily throughout the unit. Similar to question 

3, this question was intended to determine if students would freely utilize the resources but in 

this case, for review or days later when a new topic had been introduced. Nearly 100% of all 

students responded that they did in fact appreciate the resources they had available to them (table 

13). Despite the student responses to question 3, the results for this question suggest that students 

took advantage of the resources even when they were not explicitly asked to do so. In a 

traditional classroom, and even a Modeling Instruction classroom, the absence or limited 

availability of quality reference materials, selected by the instructor and readily available for 

student use could potentially hinder comprehensive concept development. 

The survey results provide encouragement that a flipped-with-Modeling Instruction 

approach is a path towards maximizing both student learning and engagement. Although, the 

Q7) I appreciated being able to go back and review both the text and videos whenever I needed    

       to. 

4 – Strongly Agree 3 – Agree 2 – Disagree 1 – Strongly Disagree 

(A) (B) (C) 

  

 

  

 

Table 13. Statistical analysis of experimental group qualitative assessment survey question 7. (A) experimental group as a whole (b) 

introvert responses (c) extrovert responses  
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students did not respond with a marked preference for the flipped approach, the authors have 

interpreted the overall positive student feedback from students of both learning modalities as a 

solid starting point to better cater the methodology to future students.  

 

Conclusion 

The authors of this paper set out to find a way to teach rigorous and complex AP Physics 1 

objectives to introductory students of various learning modalities within a constrained timeline. 

Based on the results, it seems this mission was successfully accomplished. Students in the 

experimental group achieved significantly higher normalized gains on the FCI assessment as 

well as significantly higher FRQ scores compared to their peers in the semi-traditional 

classroom. Better yet, this success was achieved with a savings of 5 – 7 days. The data gathered 

during this study has also revealed that students of various learning modalities benefit equally 

from the approach.  

While there is not necessarily a single best instructional methodology when it comes to 

teaching introductory Physics, it does appear that a method, which incorporates quality at-home 

resources, intentional inquiry-style investigations, and wisely guided in-person discourse, 

provides students a maximum opportunity to learn. Flipping the Modeling Instruction-based 

classroom adequately allows for the implementation of each of these resulting in a method that 

reaps many of the rewards found in pure Modeling Instruction as well as traditional classrooms. 

Albeit preparing the quality at-home resources, structuring the essential in class discussions, and 

providing quality problems that stoke in-depth student analysis takes more time than simply 

preparing a lecture with an accompanying power point, the authors believe the work load will 

decrease each year as resources and discourse design can be re-used and built upon. For the 

potentially vast yields in success on the AP Physics 1 exam as well as overall increased student 

comprehension of introductory physics content, the authors intend to continue developing the 

methodology for all the units in the AP Physics 1 classroom.  

Implications for Instruction 

Discovering that students not only have increased gains on assessments in the flipped-with- 

Modeling Instruction classroom, but that they also find the resources carefully curated by their 
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instructors to be relevant, engaging, and helpful indicates that all students might benefit from 

having access to a more varied array of at-home resources. The authors highly recommend 

taking advantage of the free EdPuzzle video modification service. Questions specifically aligned 

to lesson objectives are easily integrated into the video. Once the right video is found, the desired 

alterations can be quickly implemented. Additionally, while it was not used in this study, the 

authors suggest using the free webservice, Perusall (https://perusall.com/). This site allows an 

educator to upload a reading so that students can both annotate and respond to embedded 

questions online. Via Perusall, students can be grouped (randomly or intentionally) so that they 

may discuss their thoughts on the reading with their peers.  The site will even grade the 

annotations and comments if the instructor chooses that option. Had the authors known about 

this site at the beginning of the study, it absolutely would have been placed in the resource 

repository.  

Well-selected and implemented at-home resources may help launch slower students into 

greater success (Ng 2008). Even for teachers who wish to implement strictly a pure Modeling 

approach, providing students with supplementary materials that they can interact with on their 

own might be beneficial for not only the student but also the instructor. While Modeling 

Instruction alone produces statistically backed success, anecdotally the authors have encountered 

fellow educators who are hesitant to adopt the method due to concerns regarding time constraints 

and a lack of student reference resources aligned with the objectives. This study has shown that 

Modeling Instruction can be implemented in such a way that adequate resources are provided 

and a loss of time will not be an issue.  

The authors also recommend taking the video resource experience one-step further. While 

original videos and text were not made for the unit involved in the research, the anecdotal 

feedback from students regarding these resources was so positive that at the conclusion of the 

forces unit, neither investigator abandoned the utilization of the at-home text and videos. One of 

the authors even began to make their own videos so as to cater to a more personalized lesson 

plan rather than trying to find videos that precisely suit the needs for the daily objectives. 

Students seemed to enjoy watching a video lecture or worked-out solution executed by their own 

instructor as opposed to the variety of strangers hosted throughout the forces unit. 

 

https://perusall.com/
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Implications for further research 

Despite the discovered successes, integrating Modeling Instruction within a flipped 

classroom did not solve every instructional problem that exists in the physics classroom. There 

still appears to be a learning gap between the genders with males scoring significantly higher 

than females on average for both the FCI and the FRQ (see appendix C). While previous 

research has revealed that this gap can be diminished through pure Modeling Instruction 

approaches, the authors are unsure as to why that minimized gap did not appear here. What was 

it about the flipped integration with Modeling Instruction that minimized the gender equity 

potentials seen in the Modeling Instruction contrast group? Did the authors inadvertently select 

videos reinforcing a male-dominant perspective in physics? Were discussion groups formed in 

such a way that fostered female insecurities about their reasoning abilities or sense of belonging? 

Future female physics students would benefit by additional research that attempts to root out the 

discrepancy. 

The data has also revealed an odd and inconsistent gap between juniors and seniors in AP 

Physics 1 courses (see appendix D). Juniors surpassed their senior peers in FCI gains in the pure 

Modeling Instruction classroom as well as in the semi-traditional classroom on the FRQ 

assessment. For both assessments, seniors achieved higher scores in the experimental group. 

Whether this is an anomalous or random pattern us unable to be ascertained with the data 

collected. Ideally all students meeting minimum requisites for course entry, should be able to 

obtain equivalent gains on designated assessments. While flipping the classroom appropriately 

seems to produce increased learning in general for a wide variety of students each with their own 

learning modality, further research is needed to determine how to close these gaps between 

various subgroups of students.  

Additionally, during the data analysis portion of this study, the authors began to wonder how 

integral concurrent enrollment in calculus is to success on AP Physics 1 standards. While putting 

this paper together, the College Board released AP Physics 1 scores, and the authors noted a 

correlation between passing scores on the exam and those students who were either concurrently 

enrolled in calculus or had successfully passed it the prior year. Whether this apparent success is 

due to overlapping concepts discussed in both courses or if AP Physics 1 students have 
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developed a pattern of higher order thinking by the general age that corresponds to calculus 

enrollment deserves some focused research attention. 

The final question the authors believe to be worth considering pertains to student learning 

modalities in general. Can these be intentionally cultivated and shaped throughout the 

educational experience each student progresses through? Based on the seeming adaptability of 

the ambiverted students demonstrated through previous research and loosely suggested by this 

study, doesn’t it behoove instructors to shape learners that can be equally fluent in their 

processing of new material? If the ambiverted learning mode can be enhanced through particular 

lessons or activities deployed throughout the student’s education the authors feel it is worthwhile 

to know what those activities are. Developing students who are not only content-proficient but 

able to process a wide variety of information in a multitude of ways would seem to benefit not 

only the student, but also the society into which that student will matriculate.  
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Appendix A: Learning modalities Self-Assessment Survey 

Directions: To find out where you fall on the introvert-extrovert spectrum, answer each question 

True (T) or False (F), choosing the one that applies to you more often than not. 

1. ______ I prefer one-on-one conversations to group activities.  

2. ______ I often prefer to express myself in writing.  

3. ______ I enjoy solitude.  

4. ______ I seem to care about wealth, fame, and status less than my peers.  

5. ______ I dislike small talk, but I enjoy talking in depth about topics that matter to me.  

6. ______ People tell me that I am a good listener.  

7. ______ I am not a big risk-taker.  

8. ______ I enjoy work that allows me to "dive in" with few interruptions.  

9. ______ I like to celebrate birthdays on a small scale, with only one or two chosen friends or        

      family members.  

10. ______ People describe me as "soft-spoken" or "mellow."  

11. ______ I prefer not to show or discuss my work with others until it is finished. 

12. ______ I dislike conflict.  

13. ______ I do my best work on my own.  

14. ______ I tend to think before I speak.  

15. ______ I feel drained after being out and about, even if I've enjoyed myself.  

16. ______ I often let calls go through to voice mail.  

17. ______ If I had to choose, I'd prefer a weekend with absolutely nothing to do to compared to  

       one with  too many things scheduled.  

18. ______ I do not enjoy multitasking.  

19. ______ I can concentrate easily  

20. ______ In classroom situations, I prefer lectures to seminars. 

 

 

 

 

# of Trues ______________             # of  Falses _____________ 

If  # True > # False,  then student is likely introverted 

If # True < # False, then student is likely extroverted 

If # True = # False, then student is likely ambiverted 

 

Cain, S. (2011). Quiz: Are you an introvert or an extrovert and why it matters. Retrieved from:   

https://www.psychologytoday.com/blog/quiet-the-power-introverts/201103/quiz-are-you- 

introvert-or-extrovert-and-why-it-matters 
 

https://www.psychologytoday.com/blog/quiet-the-power-introverts/201103/quiz-are-you-
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Appendix B: Administered College Board FRQ Assessment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
College Board, AP Physics Exam 2000.  
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Appendix C Supplemental Graphs for an Analysis of Gains by Gender 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C1. A linear comparison of male and female mean normalized gains on the Force 

Concept Inventory broken down by instructional method.  

Table C1. ANOVA test results for normalized FCI gains as affected by instructional 

methodology and gender. There is significant difference according to gender and instructor, but 

not for gender discrepancies within each instructional group 
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Figure C2. A linear comparison of male and female mean scores earned on the 

AP College Board Free Response Question broken down instructional method. 

Table C2. ANOVA test results for FRQ scores as affected by instructional methodology and 

gender. There is significant difference according to gender and instructor, but not for gender 

discrepancies within each instructional group 
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Appendix D: Supplemental Graphs for an Analysis of Gains by Grade Level 

 

 

 

 

 

 

 

Figure D1. A linear comparison of junior and senior mean normalized gains on the 

Force Concept Inventory broken down by instructional method 

Table D1. ANOVA test results for FCI normalized mean gains as affected by instructional 

methodology and gender. There is significant difference according to instructor, but not for 

grade level nor grade level results within each instructional group. 
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Figure D2. A linear comparison of Junior and Senior mean scores earned on the 

AP College Board Free Response Question broken down instructional method. 

Table D2. ANOVA test results for FRQ scores as affected by instructional methodology and 

grade level. There is no significant difference according to grade level, but the there is a 

significant difference for the scores within each grade according to instructor and for instructor 

scores overall. 
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Appendix E: Recommended Resources for a Flipped Classroom 

 

Resources Description Website 
EdPuzzle A free site that allows for any video to be uploaded and 

edited according to instructional preferences. Videos can 

be truncated and questions of varying formats can be 

inserted. Students are then forced to answer the questions 

prior to continuing with the video. Student responses are 

then compiled and sent back to the instructor for review. 

EdPuzzle, also provides a quick view of student video 

progress and completion. 

https://edpuzzle.com/ 

 

OpenStax A free, online textbook that can be downloaded and 

printed off for students. This text has ample diagrams as 

well accompanying analysis questions. If a free account 

is created, instructors also receive access to the 

instructor’s solution manual. While the College Physics 

edition was used in this study, many different subjects are 

available. 

https://openstax.org/ 

 

Perusall This free site allows instructors to upload reading 

documents for students to annotate and comment upon. 

Students may also be intentionally or randomly grouped 

so that they may engage in discussion regarding the 

assignment. One of the best features of this site is that it 

will auto-generate a grade for student commentary 

ranging from 0 – 3 based on complexity of the response. 

This amazing feature helps to ensure students are 

performing their reading and appropriately analyzing the 

text without  requiring intensive instructor evaluation 

time. 

https://perusall.com/ 

 

Remind A free site that allows instructors and students to 

communicate freely and safely at any time of the day and 

week. Whether through texting, email, or the website, 

instructors are free to send out notices or reminders, and 

students may respond with questions. Students are also 

free to initiate communication with the instructor, the 

class, or another peer in the course. This site is equivalent 

to a safe texting system between students and instructors. 

All messages are documented and archived. 

https://www.remind.com/ 

 

https://edpuzzle.com/
https://openstax.org/
https://perusall.com/
https://www.remind.com/
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