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ABSTRACT

The pedagogical approach of the flipped classroom with an active learning model
shows great benefit for all students in many disciplines [1]. This study explored the
possibility that certain subsets of students may have varying benefits from this model.
In this study, we used survey questions to categorize students and analysis of the
Forced Concept Inventory (FCI) scores, including normalized gain (NG), to measure
learning improvement. In particular, we used a questionnaire with two questions that
were used to partition each sub-group. The first group consisted of students that
have varying levels of physics knowledge and the second group consisted of students
that have varying levels of math knowledge. The conclusion of this study shows all
subsets of students on average showed learning improvement from NG, with the least
exposure to physics demonstrating the highest NG score and those with the lowest
level math background showing the lowest NG scores. However, learning gains do not
seem to correlate with physics exposure but may correlate with math preparation.
We saw no advantage to the subgroup with no prior exposure to physics on NG when
the pretest scores were considered nor between subsets within each set of questions.
We did see a statistically significant difference for the subgroup with the lowest math
background, but only seven out of 330 students identified under this category.
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CHAPTER 1

INTRODUCTION AND LITERATURE RE-

VIEW

1.1 INTRODUCTION

Teaching introductory college physics is a formidable task for many college professors.
The course may involve working with students with diverse characteristics, capabil-
ities, backgrounds, and at different points in college and life experience (lst-year
student vs post-bac pre-med). Many students taking an introductory college physics
course have never had formal experience with Physics, but some might have some
background knowledge and prior exposure to Physics concepts and topics. Therefore,
introductory college physics classrooms can bring students simultaneously enlight-
enment and inexhaustible frustration. Determining factors that promote students
learning experiences and outcomes is important in fostering students learning. Better
outcomes results when instructors can devise ways of addressing the challenges their

students face. This research endeavors to establish how introductory college physics



students’ prior exposure to physics concepts and ideas impacts their transition into
flipped classrooms with active learning.

Teachers and other stakeholders in the education sector are always looking for
ways to enhance student learning and establish learning environments that positively
affect student learning. In recent years, the flipped classroom has emerged as a lead-
ing model in this area and is gradually gaining prominence among policymakers and
educators [1]. More than 2600 schools in the United States shifted to a flipped learn-
ing environment between 2012 and 2014 [2]. The flipped classroom model has only
continued to gain prominence in recent years [3]. Currently, flipped classrooms are
widely used in both K-12 classrooms and college settings [4]. A study by Schaffhauser
(2016) [5] indicated that more than 55% of college faculty are flipping their class-
rooms or plan to do so soon. Therefore, it is important to understand the transition
to flipped classrooms in contemporary education settings as information gained from

such research is essential in informing practice and promoting outcomes for the model.

1.2 INTRODUCTORY COLLEGE PHYSICS

Introductory college physics students cultivate and develop their understanding of
physics concepts and principles through classroom study, in-class activities, and
hands-on, and inquiry-based learning, or a combination thereof. This course in-
volves exploring various advanced physics concepts such as waves, energy conserva-
tion, change, the interaction of various forces, fields, and systems [6]. As well as
changing from topic to topic rapidly.

It is common for universities to have introductory college physics as a mandatory



course for science, technology, engineering, and math (STEM) majors and non-STEM
majors i.e. pre-Med students. Students who don’t have strong backgrounds in math
tend to develop of fear of physics because of its heavy use of math. Another driving
factor for fear of physics comes from their peers discussing the high level of difficulty
with physics. Conversely, the instructor provides the students with a greater interest
in the field of physics [7] This means the instructor’s background or lack of background
in educational pedagogical methods would have an impact to students’ interest of the
physics.

In particular, this study will look at Phys 031 and Phys 051 students at the
University of Vermont (UVM). Both courses are considered to be at the introductory
level. Phys 031 and Phys 051 focus on mechanics including oscillations and waves and
is a calculus-based introduction to kinematics, dynamics, oscillations, and thermal
physics, whereas Phys 031 has more engineering students and Phys 051 has more

students in the natural sciences.

1.3 FrLiPPED CLASSROOMS

A flipped classroom refers to a type of blended learning where educators introduce
content to students while they are at home and subsequently practice the concept in
the classroom [8]. This approach is a reverse of many historic classroom practices,
where teachers introduce new content and concepts in class and students practice the
concepts through projects and homework at home independently. In this blended
approach, educators often combine face-to-face interactions with independent study-

usually through technology [9]. In a common Flipped Classroom setting, students



might watch prerecorded videos at home, then come to the class to do practice ac-
tivities armed with questions and some background knowledge about the topic of
interest.

The driving motivation behind the flipped classroom model is to rethink when
students have access to the resources they need the most. If the problem is that
students need more help working on problems rather than being introduced to a
concept, then the solution should be to use the flipped classroom model to ensure that
teachers provide help where it is needed the most [9]. In flipped classrooms, students
typically watch online lectures, review online course material, read digital and physical
texts, participate in online discussions, and in some colleges, perform research when
they are at home. In the classroom, they do skill practice, in-person discussions,
debates, presentations, station learning, lab experiments, peer assessment, and review
with the help of the teacher [8].

The flipped classroom instructional approach has been employed for a long time
since its inception in 2007 by Jonathan Bergman and Aaron Sams [10]. Many uni-
versity and college professors have been expecting students to read about upcoming
course material before attending lectures [11]. This ensures that students have an
idea of the topic of the lesson and that they can successfully answer questions posed
in a Socratic-style lecture [12]. While the flipped classroom has been successfully
implemented with the use of a textbook, current applications in K-12 and college
classrooms have benefited from using multimedia resources, with regular and system-
atic use of interactive technologies proving to be especially important [13]. Deploying
such resources and interactive technologies is critical in facilitating the movement

of initial content exposure to the outside of the classroom, while the use of focused



learning activities is critical in moving practice and the application of concepts to the

inside of the classroom.

1.4 AcCTIVE LEARNING

Active learning is a critical component of the flipped classroom model [14]. Active
learning involves educators actively engaging students in the learning process. Stu-
dents are active participants in their learning during class time with their teacher. Ac-
tive learning strategies typically involve students working together, usually in smaller
groups, during class but may also involve some individual work and/or reflection [15].
These strategies range from short, simple activities such as journaling, problem-
solving, and paired discussions to longer, more involving activities or pedagogical
frameworks, such as role-plays, debates, structured team-based learning, brainstorms,
hands-on technology, active review sessions, inquiry learning, and case studies.
Using active learning in flipped classrooms allows students to process course ma-
terial through critical thinking, discussions, writing, and problem-solving [15]. More-
over, active learning allows learners to apply learned knowledge, which is essential
in encoding information, skills, and concepts in students’ memories. Active learning
in flipped classrooms is also essential in facilitating immediate feedback as students
typically complete assignments and other learning activities in the classroom. Such
immediate feedback is important in helping students correct any misconceptions they
might have while also developing a deeper understanding and appreciation for course
material [16]. Working on activities in active classrooms is critical in creating per-

sonal connections with the material, which enhances students learning motivation.



Active learning also facilitates regular interactions between students and educators
and between students themselves, which fosters a sense of community in the class-
room. Another important aspect of active learning that makes it a critical component
of flipped classrooms is its role in allowing teachers to gain more insight into students’
thinking by observing and talking with them as they work through various activities.
Active learning lets teachers discover how students understand the material, which

helps influence targeted teaching in future classes [17].

1.5 FLIPPED CLASSROOMS WITH ACTIVE LEARN-
ING IN INTRODUCTORY COLLEGE PHYSICS

CLASSES

Combining the flipped classroom approach with active learning strategies has proven
highly effective in various education settings. The model has proven to be especially
successful in introductory college physics classrooms and was found that combining
active flipped classrooms with active learning led to significantly higher gains on
the FCI assessment and significantly higher Free Response Question (FRQ) scores
compared to traditional and semi-traditional classrooms [18]. According to Babb
and Cunningham (2017) [18], incorporating quality at-home resources, intentional
inquiry-style investigations, and wisely guided in-person discourse provide introduc-
tory college physics students with maximum learning opportunities. Moreover, com-
bining the flipped classroom approach with active learning cuts the time used to cover

the course material by around 5 — 7 days, highlighting the model’s efficiency.



Reversing the traditional classroom activities has proven to be quite effective when
teaching physics to college students. According to Cagande and Jugar (2018) [19], us-
ing flipped classrooms to teach college physics enhances students’ motivation and un-
derstanding of kinematic graphs. In their study, Cagande and Jugar used a Solomon
four-group design employing both quantitative and qualitative methods to gather
data across the teaching of four different physics sections. Tests for understanding
graphs of kinematics gains were significantly higher in the experimental groups, which
involved classroom professors using research-based, flipped classroom instructional
material over the course of eight sessions.

Limueco and Prudente (2018) [20] have also attempted to improve the teaching of
Physics concepts and topics using the flipped classroom model. In their study, they
explored students’ perceptions on the intervention and the change in students’ con-
ceptual understanding after the implementation of the intervention. The researchers
chose the participants in the study and assigned them to the treatment and control
groups. Flipped classrooms with active learning were implemented in the treatment
group with the control group following a more traditional learning model. The stu-
dents in the treatment group expressed positive feedback on the utilization of tech-
nology and the provision of various activities in the classroom as compared with the
control group. Their study showed that there is significant improvement in the con-
ceptual understanding of the classroom and improved scores when flipped classrooms
are used in teaching physics topics.

Robinson et al. (2015) [21] similarly explore the effectiveness of using flipped
classroom techniques in teaching physics courses facilitated by the OpenEdX plat-

form providing communication, lesson delivery, and lab manuals with preparatory



questions. Their study shows that using flipped classroom techniques has a positive
impact on student outcomes and perceptions measured using E-CLASS student sur-
veys, specialized questions, end-of-semester evaluations, and enrollment. According to
Robinson et al. (2015) [21], notable improvements were observed in student-reported
overall class ratings and the number of hours spent every week from before to after
the flipped classrooms reform, which saw an average decrease in hours spent both in

the lab and out of the lab

1.6 BENEFITS OF FLIPPED CLASSROOMS WITH

ACTIVE LEARNING

Combining flipped classroom approaches with active learning in introductory college
physics classrooms enhances student learning outcomes for several reasons. One is
that the combined model increases one-on-one time and interactions between students
and educators [22]. This is important because students have more time to enquire
about various issues they might have regarding the topic being covered and can seek to
fill in specific knowledge gaps they have identified. Combining flipped classrooms with
active learning also promotes student collaboration and interaction [22]. Students
have more time to engage in group activities, such as discussions, debates, and peer-
reviewing.

Combining flipped classrooms with active learning strategies also leads to im-
proved student engagement. In this model, students are more engaged in classroom
activities as they research, complete activities, and discuss the subject [23]. In tradi-

tional and semi-traditional classrooms, teachers generally provide all the information



to the students, making them passive in their learning. Deeper subject understanding
is another significant aspect of flipped classrooms with active learning. According to
Babb and Cunningham (2017) [18], students gain a deeper understanding of a subject
as they research and discuss the subject and other related subjects. Homework and
other student work tend to be more accessible in flipped classrooms with active learn-
ing. Other beneficial aspects of this model include improved test performances [23].

In a study from Von Korff (2016) [24] showed the differences in learning gains
of traditional vs interactive engagement (IE) of 50K students using the NG of FCI
and another assessment test Force and Motion Conceptual Evaluation (FMCE). It
was reported to see an average NG of 0.22 for traditional and 0.39 for IE, as shown
on figure 1.1. Similarly, the FMCE assessment had a higher NG for IE compared to
traditional methods of teaching. In Von Korff’s paper IE is defined as in a similar
work done by Hake (1998) [25] on 6K students IE is defined as "methods as those
designed at least in part to promote conceptual understanding through interactive
engagement of students in heads-on (always) and hands-on (usually) activities which
yield immediate feedback through discussion with peers and/or instructors, all as
judged by their literature descriptions" and the traditional method of teaching is
defined as "courses as those reported by instructors to make little or no use of IE
methods, relying primarily on passive-student lectures, recipe labs, and algorithmic-

problem exams".
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Figure 1.1: NG of Traditional vs Interactive Engagement

1.7 UNIVERSITY OF VERMONT IMPLEMENTA-
TION OF A FLIPPED CLASSROOM WITH

ACTIVE LEARNING

In the introductory physics class, there were a variety of methods used for imple-
menting the flipped classroom with active learning model of teaching. Some of the
tools used were Mastering Physics and Learning Catalytics platforms to provide the
students with those interactive technologies. Mastering Physics provides the students
online learning via digital textbook, video recordings of lessons and demos, homework
assignments with help functions that will either show examples of a similar problem
or refer the student to an appropriate section of the textbook, and gives the students

an easy format to see their level of completion per assignment. This satisfies the com-
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ponent of having materials available outside the classroom for the students to have
independent study prior to the in-class lecture time, so that they may gain familiar-
ization with the content before the interactive in-class lecture. Learning Catalytics
is used during class to present surveys (for immediate feedback to the instructor) or
problems to the students. This platform used at UVM helps with the interactive
in-class component of the flipped classroom with active learning model, where the
student may be assigned to work individually, as a group, or have instructor-led ex-
amples to work on. At UVM, this is implemented by assigning students to work in
groups of 3 with up to 3 groups per table with a given example given on figure 1.2.
All in-class work consists of group activities with no formal lectures. While in the
classroom, students are almost exclusively engaged in group activities either among
themselves or interacting with their professors and TAs. Lastly, there is also the
design of the lecture rooms which have multiple screens so that the students have a
clear view of what the instructor is presenting as well as rounded tables so that the
class can be divided into small groups; to help encourage and facilitate group work.
Also, the classroom setup helps designate particular zones where the students may
have more individualized help from the TAs available, in a manner that would not
be as disruptive to the rest of the class. The students also are assigned to different
tables throughout the semester in order to have each student participate in group
work with different peers.

The calculus-based introductory physics courses at UVM utilizes an e-text version
of Physics for Scientists and Engineers: A Strategic Approach, fifth Edition, by Ran-
dall D. Knight, which includes access to Mastering Physics and Learning Catalytics.

ISBN: 0137319495. Topics covered include the kinematics of motion, forces, work,

11



energy, momentum, rotational motion, harmonic motion, and waves from Chapters
1-13, which include Forces and Motion, and chapters 15-17 encompassing waves. It
is important to note that the FCI only assess the content within chapters 1-8. Given
that these chapters are covered in the earlier part of the semester, FCI assessment

demonstrates student learning, mastery, and retention of this content.

Main Door
Group Group
B B

) Group
B
DEMO
.

Group
B

Instructor
Podium

Figure 1.2: Example of Classroom Layout
'blue bars indicate whiteboards

1.8 THE CHALLENGE OF TorPiCc UNFAMILIAR-

ITY

While flipped classroom with an active learning model has many advantages that
make it suitable for contemporary classrooms, this approach also has some aspects

that challenge its adoption and implementation in classrooms. One such challenge is
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that the model is heavily reliant on student preparation. According to Othman and
Vanathas (2004) [26], the success of flipped classroom approaches depends on students
preparing for their classes ahead of time. Such preparation might include watching
an online lecture, reviewing online course material, reading physical or digital texts,
or participating in online discussions about the subject.

One factor that might be significant in how effectively a student prepares for
classes in the flipped classroom model is topic familiarity. Topic familiarity refers
to the amount of prior knowledge that an individual has on a certain topic. Such
familiarity often arises from prior exposure to a concept or a topic. For instance, a
student who studied and excelled in high school physics might be more familiar with
some college-level physics concepts compared to students who did not take physics in
high school or those who did not excel in the subject.

Several contemporary studies have indicated that topic familiarity affects stu-
dent learning outcomes in numerous ways. For instance, Olivia (2018) [27] demon-
strated that topic familiarity has a positive correlation to listening comprehension,
which refers to an individual’s ability to understand spoken language. Othman and
Vanathas (2004) [26] also found that topic familiarity influences listening compre-
hension, especially when going through unfamiliar texts. The findings of these two
studies have significant implications for the classroom model being examined in this
study. Listening comprehension plays an important role in flipped classrooms with
active learning as it influences how students prepare for classroom activities. Stu-
dents typically watch prerecorded or online lectures that involve their teachers taking
them through a topic in readiness for classroom activities, such as discussions and

completion of practice activities. Therefore, topic familiarity might promote or hin-
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der student preparation for classroom activities in this classroom model, whereby
students who have never encountered a certain topic before might have challenges
understanding the concepts being presented.

Content familiarity is also important in how a student approaches a certain content
area in their learning. According to Schénwetter et al. (2002) [28], college students’
entry characteristics affect student learning and outcomes. Such entry characteristics
include high school GPA and prior experience with course content. Schonwetter et
al [28]. reiterate that while high school GPA has a more direct impact on student
achievement, prior experience with course material influences a student’s perception
of learning. According to Schonwetter et al. [28], perceptions of students who are
unfamiliar with course content are more positively influenced by instructors’ organi-
zation rather than expressiveness. On the other hand, perceptions of students who
are familiar with learning course content are influenced more positively by instructors’
expressiveness than the level of organization. Moreover, students who are unfamiliar
with a course topic are more sensitive to teaching behaviors than students who are fa-
miliar with the topic. In their study, Schonwetter et al. (2002) [28] demonstrate that
topic/content familiarity influences students’ learning experiences, which influence
learning outcomes.

The above studies demonstrate that topic familiarity is a key factor that influences
students’ learning experiences and outcomes. This aspect is especially important as
many K-12 schools and colleges countrywide transition towards flipped classrooms
with active learning, which are heavily dependent on student preparation and atti-
tudes towards learning. Since the flipped classroom with active learning has gained

traction only recently, there are very few studies investigating the factors that might
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affect student learning within this model. This study investigates how students’ prior
exposure to physics impacts their transition into flipped classrooms with active learn-

ing.
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CHAPTER 2

THESIS PROBLEM

2.1 PROBLEM STATEMENT

Currently, many colleges around the country are transitioning from traditional and
semi-traditional teaching techniques to flipped classrooms with active learning tech-
niques. These flipped classrooms with active learning techniques have become espe-
cially common in science courses, such as introductory college physics classes. Many
current studies have demonstrated the effectiveness of such techniques in addressing
some pertinent problems in physics classrooms, such as gender imbalance caused by
undue stigma towards the course and negative preconceptions and misconceptions
about the course [29]. Moreover, flipped classrooms with active learning have proved
quite effective in promoting student learning outcomes in introductory college physics
classrooms.

However, there is currently very little literature about how flipped classrooms
with active learning impact students who do not have any prior exposure to physics

compared to those that do have. Introductory college physics classrooms do not re-
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quire students to have any background knowledge about physics before taking the
course. Introductory College Physics courses are primarily algebra, geometry, and
calculus-based, with the most common prerequisites being mathematical knowledge.
However, many students taking Introductory College Physics courses have some back-
ground knowledge about physics, which can be derived from other physics courses or
life experiences. Moreover, many students pursuing Physics courses might have taken
either physics courses or advanced placement (AP) Physics classes while still in high
school. Such background knowledge most likely plays a critical role in fostering stu-
dent learning. The more a person knows about a topic, the easier it is for them
to increase their knowledge and retain the information [30]. Students without any
background knowledge or exposure to Physics might struggle to understand concepts
with the same ease as their peers who have some exposure. This can especially be
the case in flipped classrooms with active learning, where students go through more
course material individually, either through prerecorded videos, audios, or texts, and
only access the teacher directly to go through the material after they have reviewed
the expected materials beforehand.

Students without any prior exposure to Physics might have trouble understanding
concepts if they go through a topic for the first time on their own and only get to
discuss it later with the teacher and their peers, or, conversely, they may be the group
who show the greatest improvement from this format since their baseline knowledge
is expected to be lower and have a larger potential for improvement. Some students
also experience prejudice against the new model of teaching and consider it to be
experimental compared to the traditional teaching model students who have never

gone through a traditional teaching model, and have the flip classroom with an active
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learning model for their first introduction to physics, may not have that prejudice and

may find more benefit from this format of learning.

2.2 THEORETICAL FRAMEWORK

Student learning has evolved over a lengthy period and has been shaped by the
quest to improve students’ learning experiences, learning outcomes, and classroom
atmosphere. Flipped classrooms with active learning emerged from these educational
needs. Its essence is to ensure students learn in engaging environments, develop inde-
pendent learning skills, build a deeper understanding of content areas, find classrooms
interesting, and be active participants in the learning process.

Overall, flipped classrooms with active learning are an outcome of the construc-
tivism theory of learning. The theory is based on the belief that learning should be
based on the creation of experiences that facilitate knowledge construction [31]. Con-
structivism theory states that learners construct knowledge rather than just passively
consume it. As students experience the world and reflect upon those experiences,
they build their own representations and incorporate added information into their
pre-existing knowledge (schemas). The consequences of the constructivist theory are
that students learn best when they are actively engaged in the learning process, learn-
ing is inherently social as it is embedded in context, and the goal of teaching is to
design experiences that help students construct their own knowledge [32].

Constructivism theory has four components that are essential in flipped class-
rooms with an active learning model. The concepts include eliciting prior knowledge,

creating cognitive dissonance, applying knowledge with feedback, and reflecting on
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learning [31]. The constructivist theory posits that new knowledge is created in rela-
tion to students’ pre-existing knowledge. Therefore, lessons should focus on eliciting
relevant prior knowledge [32]. This component is relevant to this study as it focuses
on how prior knowledge impacts student learning in flipped classrooms with active
learning. The other components of constructivism theory involve assigning activi-
ties and problems that challenge students to create cognitive dissonance, encouraging
students to evaluate new information and modify existing knowledge, and providing
students with an opportunity to show what they have earned through reflection. Ad-
ditionally, the students’ demographics and the instructor’s background on education

modalities has an impact on learning.

2.3 PURPOSE OF STUDY

The purpose of this study was to investigate how students’ prior exposure to physics
influences their learning outcomes in flipped classrooms with active learning, whereby
learning outcomes demonstrate how a student is transitioning to this teaching model.
The information generated from this study could be useful to stakeholders in the
education sector in their efforts to improve the quality of education and equity for all

subgroups in a classroom.
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CHAPTER 3

RESEARCH (QUESTION

This study attempts to answer the following research question:

1. How does background knowledge in or prior exposure to physics impact stu-

dents’ transition to flipped classrooms with active learning?

3.1 HYPOTHESIS

This study hypothesizes that:

1. Topic familiarity enhances learning outcomes in introductory college, calculus-
based physics classrooms utilizing flipped classrooms with active learning, as

implemented at the University of Vermont in 2019.

2. Topic unfamiliarity may provide a lower baseline, thus allowing greater improve-

ment.
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3.2 NULL HYPOTHESIS

Prior topic familiarity does not influence learning outcomes in introductory calculus-
based college physics classrooms utilizing flipped classroom model with active learn-

ing, as implemented at the University of Vermont in 2019.
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CHAPTER 4

METHODS USED

This study was granted exemption by the UVM Institutional Review Board (IRB).
All data was collected internally for internal use and subjects were deidentified. Addi-
tional demographics could not be obtained with the granted IRB exemption. Subjects
included were students enrolled in two separate Introductory Physics Classes, Phys
031 and Phys 051, between the Fall 2019 semester through the Spring 2021 semester.

Subjects were excluded if they did not complete both questions on the questionnaire.

4.1 DATA COLLECTION

Data was collected from questionnaires given to the students as well as FCI score
data. We use the same multiple choice survey questions at the beginning of each
semester and distributed them among students at the start of the semester. There
were two survey questions that we use to compile our data and categorize the students
into subgroups.

The first question, which we named Q1 in the questionnaire was: Have you ever taken
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physics class before?

The available responses to that question being:
A) T have never taken a physics class before.

B) I have taken physics before, but I don’t feel very comfortable with the material.

Maybe it was a while ago etc.
C) T have taken physics before and do feel comfortable with the material.

The second question, which we named Q2 in questionnaire was: What is your level
of calculus preparation?

The available responses to that question being:

A) I'm currently taking math 021 [calculus level 1], seeing calculus for the first

time.
B) I have already taken a calculus class, but did not feel very comfortable with it.
C) I have taken calculus before and feel very comfortable with it.
D) I have completed, or currently taking math 121. [calculus 3 level]

As noted above, math 021 represents first-semester calculus and is typically a
student’s initial introduction to calculus whereas math 121 represents third-semester
students having previously completed two levels of calculus prerequisites. These ques-
tions were administered to physics 031 and physics 051 classes from fall 2019 up until
spring 2021 totaling seven different sections composed of 330 students.

These questions were administered to physics 031 and physics 051 classes from fall

2019 up until spring 2021 totaling seven different sections composed of 329 students.
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In addition to the survey questions, we also used scores from the force concept inven-
tory (FCI). The FCI is a commonly used and well-established metric for measuring
the improvement of students’ knowledge in introductory physics classes. The FCI

was administered both at the beginning of and at the end of the course.

4.2 FoRCE CONCEPT INVENTORY (FCI)

In addition to the survey questions, we also used scores from the force concept inven-
tory (FCI). The FCI is a commonly used and well-established metric for measuring
the improvement of students’ knowledge in introductory physics classes. The FCI is
an exam that is used for checking the conceptual knowledge of Newtonian mechanics
in higher school physics students [33]. It was introduced in the late 1980s. It mostly
consists of 30 multiple choice questions with five or four answer choices [33]. The FCI
was administered both at the beginning of and at the end of the course.

A study of over 50,000 students conducted by Von Kroff in 2016 [24] showed an
average NG of (.22 for a traditional class vs a 0.33 NG for an interactive engagement
class on FCI scores shown on figure 1.1. In his study, he also saw higher NG for a
different assessment the FMCE, which would indicate that higher learning gains are
expected in IE teaching methods independent of which assessment is used. There is
a comprehensive list of assessments found on Physport and support to help choose
an appropriate assessment at Learning About STEM Student Outcomes (LASSO).
Since we were looking to assess an introductory college physics class the FCI and/or

the FMCE are appropriate assessments to give.
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4.3 NORMAILIZED GAIN (NG)

The normalized gain was calculated using the student FCI scores obtained on the first
day of the introductory physics course (pre) and student FCI scores obtained at the
completion of the course (post). Normalized gain is a ratio of change in the average
score of a class to the maximum gain that is possible [34]. The normalized gain (NG)

is calculated by equation 4.1

B Post — Pre

NG= ———
Max — Pre

(4.1)

The FCI exam consisted of 30 questions worth one point each yielding scores

ranging from 0 to 30 with 30 being the highest possible score.

4.4 STATISTICAL ANALYSIS

Analysis was performed to compare normalized (NG) gain among various subgroups
as defined by answers to questions 1 (Q1) and 2 (Q2). Each answer to these questions
defined a separate subgroup.

In general, a t-test is used to compare the mean values of any 2 independent
groups for any statistical significance, and the Analysis of Variance (ANOVA) is used
to compare the mean values of any groups of 3 or more for any statistical significance
by the measure of the P-value produced. They serve the same function except that
the t-test is limited to comparing only 2 groups whereas the ANOVA can be used to
compare groups of 3 or larger.

We applied the t-test to assess for significant differences between the mean values
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of the pre and post test scores for each subgroup. The ANOVA test was used to
determine if differences in NG among subgroups were statistically significant as the
ANOVA test permits comparisons between groups of 3 or larger. Regression analysis
was used to determine if there was a statistical difference between the gain, as defined
by the difference between the post and pre scores [post-pre], accounting for the pre-
score value, and to assess for any impact of the pretest core on the NG. For all
statistical analyses, a P value less than or equal to 0.05 is considered statistically
significant when rendered from Excel. These calculations were performed using preset
algorithms in Excel (version 2206, Microsoft Corporation).

Since the population sizes for each subgroup were different in magnitude, we
implemented the calculation of Cohen’s D and Hedge’s G in order to determine the

effect size of these differences. Cohen’s D is given by equation 4.2,

Cohens'D = Mi = My (4.2)
S
pooled
St +S3
Spooled = L 9 2 (43)
M; — M
Hedge'sG = ——— (4.4)
pooled
o | (= 1)ST 4 (ny — 1)S3 (4.5)
pooled (n1 — 1) + (n2 — 1) ’
N-3 N-—2
<N - 2.25) VN (4.6)
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Where M; is the mean of the post-values and M, is the mean of the pre-values,
Spooled is defined as equation 4.3, where S; and S; are the standard deviations of the
post and pre values respectively. We also calculated Hedge’s G by equation 4.4 and 4.5
as a correction factor equation 4.6 to Cohen’s D whose population size is less than 50
and has standard deviations (SD) that are not statistically different. Both statistics
are used to measure the effect size for standardized differences between the means. A
value greater than 0.2 but less than 0.5 is considered a small effect, a value between
0.5 and 0.8 is considered a medium effect, and a value greater than 0.8 is considered a
large effect. Here n; is the population of post-values, ny is the population size of the
pre-values, and N = n; + ny. Since the population sizes of the pre and post values
are the same and equal to the population size of its subgroup, N is simply double the
population size of each subgroup. In general, an effect size is a quantitative measure of
the magnitude of some observed effect. A larger value implies a stronger relationship
between the variables in question. Like the NG analysis, Cohen’s D and Hedge’s
G are used for measuring an effect size but take into account the pooled standard
deviation to mitigate outliers and dampen any change in effect size due to varying

population sizes.
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CHAPTER 5

FINDINGS

5.1 SUBGROUP DISTRIBUTION

Full data could be collected for a total of 330 subjects. As subjects were deidentified
from their responses, each answer to both questions was analyzed separately. There
was unequal distribution among subgroups with students lacking prior exposure to

Physics and Calculus representing the smallest subgroups (figure 5.1 and figure 5.2).

5.2 PRE AND PoST TEST SCORES

The pre-and post-course data of group Q1A showed an average gain of 10.5 new
correct answers compared to the whole group, which on average gained seven. In
contrast, group Q2A only saw an average gain of 5 points shown on figures 5.3 and
5.4 with the corresponding values listed on tables 5.1 and 5.2.

Comparatively, groups Q1B, Q2B, and Q2C gained an average of seven more

points on post test results and groups Q1C and Q2D gained an average of six addi-
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Percentages for varying levels of
physics exposure prior to class

H Never had taken physics(32)
m Taken physics before and

don't feel comfortable(226)

™ Taken physics before and feel

comfortable(72)

Figure 5.1: Self-identifying distribution for Q1

Percentages of varying levels of math
exposure prior to class

B Currently taking Calc 1 or
seeing calc for the first
time(7)

M Taken calc but don't feel
comfortable(63)

m Taken calc and feel
comfortable(176)

" Completed or taking calc

3(84)

b

Figure 5.2: Self-identifying distribution for Q2

tional points.

Figure 5.5 shows that there are only 3 outlier points among Q1 subgroup scores:
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Average Scores

Average Scores

Pre vs Post avg scores for varying levels of physics
exposure and total

30
25
20
15
10
5
0
total avg Never had taken ~ Taken physics before Taken physics before
physics avg and don't feel and feel comfortable
comfortable avg avg
Hpre M post
Figure 5.3: Average Scores for students and Q1-subgroups
Pre vs Post avg scores for varying levels of math
exposure
25
20
15
10
5
0
Currently taking Calc | Taken calc but don't  Taken calc and feel Completed or
or seeing calc for the feel comfortable avg ~ comfortable avg currently taking Calc 3
first time avg avg
M pre M post

Figure 5.4: Average Scores for students and Q2-subgroups
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Table 5.1: Pre and Post Test Data for Question 1 and total

No of Correct | Total avg | Total sd | Q1A avg | Q1A sd | Q1B avg | Q1B sd | Q1C avg | Q1C sd
pre 14 6 9.5 3.4 13 5.6 18 6.1
post 21 6.5 20 6.6 20 6.6 24 5.3
difference 7 0.5 10.5 3.2 7 1 6 -0.8

1Q1A=no physics course taken

2QQ1B=taken physics but not comfortable
3Q1C=taken physics and comfortable

Table 5.2: Pre and Post Test Data for Question 2

No of Correct | Q2A avg | Q2A sd | Q2B avg | Q2B sd | Q2C avg | Q2C sd | Q2D avg | Q2D sd
pre 11 5.7 13 5.4 14 5.7 16 6.6
post 16 8.1 20 6.7 21 6.2 22 6.4
difference 5 2.4 7 1.3 7 0.5 6 -0.2

1Q2A=no calc 1 or currently taking calc
3Q2C=taken calc and comfortable

[l Never had taken physics-Pre

[l Taken physics before and don't feel comfortable-Pre

[l Taken physics before and feel comfortable-Pre

35

30

Score

2Q2B=taken calc 1 but not comfortable
4Q2D=completed or currently taking calc 3

[ Never had taken physics-Post

Spread of pre vs post data of varying levels of physics exposure

[T7] Taken physics before and don't feel comfortable-Post

[l Taken physics before and feel comfortable-Post

T

Figure 5.5: Spread of pre vs post data of varying levels of physics exposure

Lecontains 3 outliers

2 high values in group Q1B-pre (n=226), the group that had physics but did not
feel comfortable with the material, and one low value in Q1C-post (n=72), the group

expressing prior exposure to physics and comfort level with the material. Since the

31



Spread of pre vs post data of varying levels of exposure

Bl Currently taking Calc | or seeing calc for the first time-Pre [l Currently taking Calc | or seeing calc for the first time-Post

[l Taken calc but don't feel comfortable-Pre [ Taken calc but don't feel comfortable-Post
[l Taken calc and feel comfortable-Pre [l Taken calc and feel comfortable-Post
 Completed or currently taking Calc 3-Pre Il Completed or currently taking Calc 3-Post

35

30

25

20

Score

15

10

et

Figure 5.6: Spread of pre vs post data of varying levels of math exposure
lcontains 2 outliers

population of these 2 subgroups were not small, we decided to include these 3 outlier
data points for all of our analyses. Similarly, Figure 5.6 shows 2 outlier points in the
Q2B-pre subgroup score. The Q2B subgroup, the groups with exposure to calculus
but lack of comfort with the material, showed 2 high scores for the pre-test values,
and were confirmed to be the same outliers as shown in figure 5.5 subgroup Q1B-pre
that showed to score high on the pre-test. Again, as this population large (n=63),

the decision was made to include these 2 data points in our analysis.

5.3 NORMALIZED GAIN RESULTS

The group without prior exposure to traditional physics (Q1A) had an average NG
score that was four percent higher than the total group (Table 5.3).

When the group without prior physics exposure (Q1A) was compared with groups
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Table 5.3: Average Normalized Gain (NG) by Subgroup

NG Data | Total NG | Q1A NG | Q1B NG | Q1C NG | Q2A NG | Q2B NG | Q2C NG | Q2D NG

Avg 0.47 0.51 0.46 0.48 0.33 0.42 0.49 0.47

SD 0.3 0.28 0.31 0.3 0.25 0.31 0.3 0.31

N 330 32 226 72 7 36 84 176

diff 7 10.5 7 6 5 7 7 6
1Q2A=no calc 1 or currently taking calc 2QQ1A=no physics course taken
3Q2B=taken calc 1 but not comfortable 4Ql1B=taken physics but not comfortable
>(Q2C=taken calc and comfortable 5Q1C=taken physics and comfortable
"Q2D=completed or currently taking calc 3 8diff = M; — M,

with prior exposure, there was a five percent difference between group Q1A and group
Q1B and a three percent difference between group Q1A and group Q1C, both groups
with prior Physics exposure. In contrast to the group with the least exposure to
Physics demonstrating the highest NG score, those with the lowest level calculus
background (Q2A) show the lowest NG scores. This group was 14 percent lower
than the whole group. However, this subgroup also represents the smallest number

of students with an N of 7.

5.4 ANALYSIS OF NORMALIZED GAIN RESULTS

For the NG data, we opted to use an ANOVA test because the ANOVA will determine
whether the differences between groups of 3 or larger are statistically significant. The
results of the ANOVA test for the groups categorized by question 1 is F(2,327)=0.43,
p=0.649; and the results from ANOVA test performed on the groups categorized by
question 2 is, F(3,326)=1.2, p=0.304, indicating no evidence of a statistical difference

between the means of each corresponding group.
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5.5 ANALYSIS OF PRE AND PosT TEST RE-

SULTS

The lack of significant difference in NG among subgroups by ANOVA analysis led us
to think of alternative methods to analyze the differences among subgroups we noted
in our initial observations. One probable reason for this result could be because the
population size for each group varied greatly. To see the effect size and to standardize
the difference between the means, we calculated Cohen’s D 5.4 using the pre and post

data.
Table 5.4: Cohen’s D and Hedge’s G values

Values | Total | Q1A | Q1B | Q1C | Q2A | Q2B | Q2C | Q2D
Cohen’s D | 1.1 1.9 1.2 | 098 | 0.75 1.2 1.3 | 0.96
Hedge's G | 1.1 1.9 1.2 | 098 | 0.65 1.2 1.3 | 0.96

diff 7 10.5 7 6 5 7 7 6
1Q2A=no calc 1 or currently taking calc 2Q1A=no physics course taken
3Q2B=taken calc 1 but not comfortable *Q1B=taken physics but not comfortable
’(Q2C=taken calc and comfortable 5Q1C=taken physics and comfortable
"Q2D=completed or currently taking calc 3 8diff = M; — M,

The group without prior exposure to traditional physics had the greatest difference
with an effect size of 1.9 SD, also known as the Cohen’s D value, between the pre-
and post-scores compared to the total difference which had a Cohen’s D value of 1.1.
Similarly, we saw in group Q1B had a Cohen’s D value of 1.2 and group Q1C had
0.98, all of which are considered to have a large effect size. Only group Q2A was
considered to have a medium effect size. In conjunction with Cohen’s D, we also
performed a t-test comparing pre-test and post-test scores for each subgroup (Table

5). The P-value for the whole group was of the order of 10~"®. This means there is
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a statistically significant difference between all pre and post values. Whereas for the
Q1A group, the P-value is to the order of 107'2. All subgroups showed statistical

significance with the lowest P-value=0.00805 being from group Q2A.

Table 5.5: Results from t-test using pre/post data

t-test subgroups t(df)=(t-stat) | p-value
Total ©(329)=25 | 2014107
No physics taken t(31)=11 8.26x10~12
taken physics but not comfortable | t(225)=20 3.412107°
taken physics and comfortable t(71)=10 1.092z10°%
no calc 1 or currently taking calc 1 | t(6)=3.9 8.0521072
taken calc 1 but not comfortable | t(62)=10 75021071
taken calc 1 and comfortable t(175)=19 5.19210~%
completed or currently taking calc 3 | t(83)=11 4.41210718

Since we had the biggest effect size in groups Q1A and the smallest effect size in
group Q2A, which both have small population sizes, we decided to calculate Hedge’s
G 5.4, which has a correction factor to account for small population size (n>50) that
was applied to three groups Q1A, Q2A, and Q2B. With this new calculation, we only
saw a change occur for group Q2A, which saw a drop in the effect size by 0.1 SD.
However, the effect size remained categorically the same for all groups with the new
correction factor taken to account.

In our hypothesis, we speculate that the gains obtained in group Q1A is due in
part because that group is expected to score lower in the pre-test, thus leaving a
greater potential for additional points. To test this hypothesis, we ran a regression
analysis to determine if there is a statistical difference in gains while taking the pre-
score into account. Interestingly enough, we did find that the difference between
pre and post scores was statistically significant with p=4.84E-8 taking the pre-scores

value as a reference in the regression analysis. Also, from the regression analysis
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we saw that p-value of group Q1A to the dummy variables Q1B and Q1C were just
outside the threshold of being considered statistically significant (having p=0.0545 for
Q1A vs Q1B and p=0.0665 for Q1A vs Q1C). Similarly, the regression analysis we
saw for group Q2A taking the pre score into account yielded a statistically significant
difference between the difference in pre and post scores with p=1.60E-10, But the P
values of group Q2A to the dummy variables Q2B, Q2C, and Q2D had large P values
(p=0.253, p=0.110, and p=0.209 for Q2A vs Q2B, Q2C, and Q2D respectively).
These findings led us to the final and most important analysis, which is to see if
the pre score affects the NG. For this analysis, we chose to do a multiple regression
where the change in score from the NG and the pretest scores of each subgroup
are used as the covariates. For group Q2A we found a statistical significance with
the regression analysis (p=0.000233). However, the P values from group Q2A to
the dummy variables Q2B, Q2C, and Q2D did not yield a statistically significant
difference confirming the outcome we saw from the ANOVA analysis. When we ran
the regression analysis to see if the pretest score affects the NG for Q1, we found
no statistically significant difference in this analysis (p=0.779). Also predicted from
our ANOVA analysis, we found that the P values for the groups Q1A to the dummy

variables Q1B and Q1C did not yield a statistically significant difference.
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CHAPTER 6

CONCLUSION

We found that the subgroup comprised of students who had the least amount of
math background categorized by the in-class survey questionnaire showed the lowest
average improvement in scores, and the lowest NG. The t-test analysis performed
on all subgroups confirmed a statistically significant difference between the pre and
post-test course for all subgroups. However, we saw from the ANOVA analysis that
there was no evidence of statistical differences between the means of the NG value
between the subgroups, and the Hedge’s G value showed the smallest effect size for
this group. The regression analysis of the pre/post score data showed that there was
no significance from this group compared to the other subgroups as dummy variables.
However, the regression analysis of the NG data did show significant differences when
using the pre-test scores as a control, but the comparison to the dummy variables of
Q3B, Q3C, and Q3D did not.

A way to make a more definitive statement would be to increase the population
size of group since there were only 7 students who identified with the minimum math

level required for the course. Another point of consideration would be to expand
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or eliminate from the questionnaire’s available options, the level of comfort with
the student’s math skills for the 3 levels (first time taking calculus, had completed
calculus, and currently taking or completed higher level math). The implications of
this trend would suggest that the math prerequisites for this course might need to be
changed to having had completed math 021 prior to registering for the course.

The subgroup comprised of students who have had no prior exposure to physics,
categorized by an in-class survey questionnaire, showed the greatest improvement
in scores provided by FCI data. This particular subgroup had the highest NG and
statistically significant difference between pre and post test scores. Additionally,
we show by the regression analysis, evidence that this phenomenon occurs in part
because the baseline scores of this particular subgroup is on average lower than their
peers, thus allowing a greater potential for additional points gained on the post-test
scores. However, the ANOVA results showed no evidence of statistical significance
between the means of each subgroup’s average NG. The regression analysis of the
pre/post score data also show no significance between this group compared to the
other 2 subgroups when pre-test was taken into account, and the regression analysis
of the NG data with the pre-test scores used a control yielded no significance nor the
comparison to the dummy variables of Q2B and Q2C.

Aside from lower average pre-test values, there are other factors that could be
taken into consideration for future studies. One factor could be prejudice against
physics teaching methods. For example, prior exposure to physics to a traditional
class might develop a hesitant mentality to the different teaching platform whereas
having no prior exposure to traditional physics class might have this student not

display that stigma. There might also be an overlapping demographic component
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to be addressed for the student’s background knowledge prior to college entry. This
would be an interesting future study if appropriate IRB requests are granted to obtain
that data.

Overall, every subgroup categorized in this study did see an increase in their FCI
scores. The two biggest statistically significant differences happen to the group which
had the least math experience and the group which had no prior physics exposure. The
group which had the least math experience showed the least improvement. However,
due to the small sample size of this subgroup, the effect size of the analysis was the
smallest amongst all subgroups, The group that had no prior exposure to physics
show the greatest improvement, however the analysis of the NG with the pre-test
scores used as a control showed no significant difference. This means with respect to

NG there is no advantage given to any subgroup.
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