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ABSTRACT

This study investigated the ways in which college algebra students watch
mathematics instructional videos with the goal of answering the following research
questions: (1) How are student responsibility frames similar or different among students
within a particular video? (2) How do the various video design principles support or
constrain the uses of particular responsibility frames? This research was guided by the
cognitive theory of multimedia design and the theory of didactic situations. The cognitive
theory of multimedia design outlined principles for video creation and design that could
impact student learning from video watching. The theory of didactic situations defined
implicit teacher and student responsibilities within the context of the face-to-face
mathematics classroom and was applied in this study to students watching mathematics
instructional videos.

Participants were recruited from five college algebra classes at a university in the
northeastern United States and were asked to attend two semi-structured interviews.
During the first interview, participants were pretested to determine their prior knowledge
about how to solve quadratic functions and to measure their mathematics-related beliefs.
During the second interview, participants watched three different videos about solving
quadratic equations by completing the square and were asked questions about the
mathematics that they viewed in the videos. Transcriptions of audio recordings of these
interviews were coded thematically using categories previously identified by the didactic
contract for the face-to-face classroom and expanding the types of student responsibilities

identified specifically for video watching as needed.
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This study found that participants, regardless of overall prior knowledge or
mathematics-related beliefs, but who had prior knowledge of completing the square, held
a responsibility to use the specific set of steps they were taught by their teacher to solve
problems. Additionally, participants at some levels of prior knowledge expressed a
responsibility to not watch videos that showed a visual representation of the mathematics.
Findings also suggested a student heuristic for the selection and use of mathematics

instructional videos that may be useful to both mathematics teachers and video creators.
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CHAPTER 1
INTRODUCTION

Teachers and students are able to access digital instructional videos on a multitude
of mathematical topics. Video has made its way into the classroom in the form of
instruction (Trenholm, Alcock, & Robinson, 2012; Zhang, Zhou, Briggs, & Nunamaker,
2006), remediation (Pinzon, Pinzon, & Stackpole, 2016), and motivation (de Araujo,
Otten, & Birisci, 2017a; Guo, Kim, & Rubin, 2014; Sahin, Cavlazoglu, & Zeytuncu,
2015). Additionally, video has begun to change the way we think about mathematics
instruction and the use of classroom time through ideas such as the flipped or blended
classroom (Bergmann & Sams, 2007; Bowers, Passentino, & Connors, 2012; Kirvan,
Rakes, & Zamora, 2015; Pinzon et al., 2016). Fully online classes and Massive Online
Open Courses (MOOCs) use video to move mathematics instruction into a just-in-time or
personalized format (Hegeman, 2015; Zhang et al., 2006). Despite its extensive use, the
instructional value of video to improve student learning in mathematics is still mixed
(Crook & Schofield, 2017; Trenholm et al., 2012). Research suggests that the
instructional style of videos has impacts on student learning (Brodahl & Wathne, 2016;
de Araujo, Otten, & Birisci, 2017b; Ilioudi, Giannakos, & Chorianopoulos, 2013).

While video has the potential to be used in multiple ways to improve student
learning in mathematics, the most common style used is the lecture or tutorial (Trenholm
et al., 2012). While a lecture is usually defined in terms of a face-to-face presentation by

one person who is speaking continuously about a topic, video lecture, sometimes called
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e-lecture is defined as “a media based lecture including an audio or video recording,
synchronized slides, table of contents and optional complementary information (e.g.,
external links)” (p 282, Jadin, Gruber, & Batinic, 2009). The preeminence of the use of
lecture in mathematics videos may relate to the propensity for teachers to create their own
mathematics instructional videos (de Araujo et al., 2017b). Teachers tend to see
themselves as the shapers of curriculum for their students and so they want to create the
videos that their students are going to watch (de Araujo et al., 2017b) The mathematics
lecture has been and still almost certainly still is the most common form of instruction in
the live classroom (Hiebert & Grouws, 2007). Teachers may be recreating their
classroom instruction in digital form. “The Talking Head,” in which the instructor talks
on screen in front of a whiteboard, and “Khan-Style,” in which the instructor is off-screen
narrating annotations on a drawing board, are two examples of prominent mathematics
video lecture styles (Ilioudi et al., 2013). Researchers have investigated these styles in
terms of student and teacher attitude toward presentations with mixed results especially
related to the use of humor and inclusion of instructor presence (Ilioudi et al., 2013;
Petocz & Wood, 2001). Additionally, the mathematics lecture video has been compared
to the traditional mathematics lecture (Crook & Schofield, 2017) and textbook learning
(Kay, 2014) with mixed results in terms of student learning but little attention to what
students are doing when they watch videos.

Researchers have also begun to investigate other instructional styles for the
delivery of mathematics through video, including vicarious learning (Chi, Roy, &
Hausmann, 2008; Craig, Sullins, Witherspoon, & Gholson, 2006; Gholson & Craig,

2006; Muller, Sharma, Eklund, & Reimann, 2007) and interactive video technologies



(Merkt & Schwan, 2014; Zhang et al., 2006). Vicarious learning involves situations in
which students see or hear content that is not being directly addressed to them. Within the
context of video watching, vicarious learning occurs when the watcher observes an
instructional activity between two other people (typically, two students) in the video.
Additionally, the student watcher has no way of physically interacting with the
participants who are learning the content. Interactive video technologies include indexes
or other search tools that students can use to access topics within an instructional video.
The addition of these instructional styles have allowed researchers to expand
investigation past measurements of student attitudes and learning into the impact of video
to present alternative conceptions (Muller et al., 2007) and to remediate student
misconceptions about content (Muller, Bewes, Sharma, & Reimann, 2008; Weinberg &
Thomas, 2018).

In addition to variations in instructional style within mathematics videos,
cognitive psychology has been employed to identify design principles for the most
impactful learning through digital devises, such as computers and smartphones (Clark &
Mayer, 2003; Sweller, 2005). Cognitive load theory has been applied to video learning to
identify multiple design principles that can have a direct impact on learner ability to
process information while video watching (Brodahl & Wathne, 2016; Kay, 2014). While
these design principles do not all relate to the ways in which students learn through
watching mathematics videos, many have been applied to research about video watching
for mathematics learning (Brodahl & Wathne, 2016; Crook & Schofield, 2017; de Araujo
et al., 2017a). Researchers have used this framework to try to understand the

effectiveness of mathematics video watching on student learning and engagement.



While studies have investigated the results of student learning gains and attitudes
following video watching, few studies have actually observed what students are doing
during video watching. Weinberg and Thomas (2018) represents one study that did,
defining student sense-making activities while watching mathematics videos. Student
learning perspectives were categorized as falling into one or more sense-making frames
originally identified in Weinberg, Wiesner, and Fukawa-Connelly (2014). Weinberg and
Thomas (2018) suggested that students in their study attempted to monitor their own
understandings while watching videos but were often unsuccessful. Additionally, what
students learned from the video was related to the questions they were asked after the
video, suggesting that giving quizzes during or after video watching may have impacted
student learning. Prior knowledge of students was also impactful to student ability to add
to their understanding, suggesting that drawing student attention to content and ideas they
already knew may have helped students to build on this knowledge while watching the
videos. Although this study began to identify ways in which students were using videos, a
need remains for more research related to what students are doing as they interact with
videos for mathematics learning.

In order to better understand what students are doing as they watch videos to learn
mathematics, I suggest that the Theory of Didactic Situations (TDS) and its counterpart,
the Documentational Approach to Didactics (DAD) will aide in the framing of the
responsibilities students have related to mathematics learning. The didactic contract has
been used to consider what the student is responsible for in terms of learning and what is
the responsibility of the teacher within the mathematics classroom (Perrin-Glorian &

Hersant, 2003). I will use these ideas to understand how the responsibilities held by



students in college algebra may impact their learning from mathematics instructional
videos. In the process, I will identify responsibilities that students hold for themselves,
their teachers and the video. The research questions for this study are:
1) How are student responsibility frames similar or different among students within
a particular video?

a. How are student responsibility frames similar or different among students
with different levels of prior knowledge related to solving systems of
equations?

b. How are student responsibility frames similar or different among students
with different mathematics-related beliefs?

2) How do the various video design principles support or constrain the uses of

particular responsibility frames?



CHAPTER 2
REVIEW OF LITERATURE

Review Of Literature Related To Video Design And Watching

In this section I will review the current literature related to videos and
mathematics learning, focusing on their design and effectiveness. Additional factors such
as student attitudes and motivation will be discussed as well as design principles that may
impact these variables. Because the body of research related to mathematics videos is
limited, I will be looking at studies that involve all levels of mathematics from secondary
to graduate and will also include some research related to science learning that can also
apply to mathematics content.

I have identified categories and themes that will make up the bulk of this review.
First, I will discuss the various theoretical frameworks through which video watching for
mathematics learning has been examined. Second, I will discuss the instructional styles
that have been used to present mathematics learning, including lecture, set-up/motivation,
vicarious learning and interactive video. Third, I will present the various learning
situations in which videos can be used, including flipped/blended class, fully online
learning, MOOC:s and face-to-face class. Fourth, I will look at the research in terms of
student variables that have been studied and their implications for student learning and

attitudes. Finally, I will identify gaps in the research literature.

Additional Theoretical Frameworks from the Literature

Several theoretical frameworks have been developed and applied to research
related to video learning in general and video mathematics learning specifically. Most of

these frameworks can be connected back to cognitive load theory. Because of this
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connection, [ will first outline the ideas of cognitive load theory and how it relates to
multimedia learning and then I will make connections from cognitive load theory to the
other design principles and frameworks that have been proposed when thinking about

video learning.

Cognitive Load Theory

Cognitive load theory is a learning theory that is based on the limitations of
working memory and the process of schema creation that leads to knowledge storage and
retrieval in long-term memory (Paas, Tuovinen, Tabbers, & Van Gerven, 2010). Because
working memory is limited both in capacity (about 7 elements) and duration (about 20
seconds), learners must transfer information from working memory into long-term
memory. This transfer process involves the construction of schema that allows multiple
elements to be categorized as a single element. Processes must be practiced in order to
make schemas automatic. In terms of cognitive load theory, understanding means that all
elements can be processed simultaneously in working memory. Schemas in long-term
memory act as an executive for working memory, as information stored in long-term
memory is combined with the limited capacity of working memory. The interplay
between working and long-term memory is crucial for learning and understanding
(Sweller, 2005).

Extrinsic, intrinsic, and germane are three categories of cognitive load that have
been defined within cognitive load theory. Extrinsic cognitive load is caused by
inappropriate instructional design that does not account for the limitations of working
memory. Intrinsic cognitive load is due to the natural complexities of the information

within the content being learned. Germane cognitive load is caused by the effort used by
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the student in learning and schema construction. Of all of the categories, extrinsic
cognitive load can be impacted directly by design within instruction and instructional
materials, such as digital video (Sweller, 2005).

The cognitive load theory has been applied specifically to multimedia learning in
the cognitive theory of multimedia design (Mayer & Moreno, 2003). This theory
combines assumptions from cognitive load theory within the context of multimedia
learning to describe a mechanism that is impacted both by the presentation of the media
and the limitations of cognitive load. Mayer and Moreno (2003) identify three
assumptions from cognitive science — the dual channel assumption, the limited capacity
assumption and the active processing assumption — that can impact the way in which
students learn from multimedia presentations. The dual channel assumption relates to
human ability to process information through two channels — auditory and visual —
simultaneously. The limited capacity assumption acknowledges limitations on human
ability to take in and process information through these channels at one time. The active
processing assumption suggests that information must be processed in order for
meaningful learning to occur. The combination of these three assumptions yields a model
that can be used to explain the cognitive process of multimedia learning as illustrated in
Figure 1. This model suggests that the eyes and ears select images and words that are
then organized within working memory and integrated with prior knowledge into long-
term memory. This process is regulated by the limitations of both the capacity of working
memory and the processing of long-term memory. These limitations are important

considerations where designing multimedia presentations.



Figure 1

Cognitive Theory of Multimedia Learning (Mayer & Moreno, 2003)
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Design Principles and their Impact on Cognitive Load

Multiple instructional design principles have been identified that can have a direct
impact on the cognitive load and processing of the learner. These design principles are
drawn from and relate to the cognitive theory of multimedia learning as described above.
The eight design principles I will describe are the multimedia principle, contiguity
principle, modality principle, redundancy principle, coherence principle, pre-training
principle, segmenting principle, and personalization principle.

Several design principles are related to the combination or separation of audio and
video components in video learning. The multimedia, contiguity, modality, redundancy,
and coherence principles all relate to how text, graphics, and/or audio narration are
combined in ways to reduce extraneous cognitive load for students. The multimedia
principle, which finds that students learn more deeply from both graphics and audio
narration rather than just graphics alone (Clark & Mayer, 2003), is the overarching

principle that represents the reasoning behind the use of video for learning. This principle
9



is supported and further defined by the other three principles that delineate specific ways
in which audio and video can be combined to be most effective for student learning.

The temporal contiguity principle recommends that narration and graphics be
presented simultaneously for highest effect on student learning (Ahmad, Badariah,
Doheny, Faherty, & Harding, 2013; Clark & Mayer, 2003; de Araujo et al., 2017a). As
described in the cognitive theory of multimedia learning, narration is detected by the ears
while graphics is detected by the eyes. By presenting audio and graphics together the
learner is able to process both words and pictures in working memory at the same time,
allowing connections to be made and reducing the cognitive load of having to process
audio and visual elements separately (Clark & Mayer, 2003).

A side effect of poor instructional design that is related to this principle is called
the split attention effect (Sweller, 2005). The split attention effect occurs when the
learner’s attention is split between more than one source of essential information through
the visual channel, causing an increase in cognitive load. Reducing the need for split
attention by the learner can reduce extraneous cognitive load by decreasing the need for
mental integration. Mental integration imposes a heavy cognitive load on learners who
must mentally combine information from multiple sources (i.e., graphics and closed
captioning) (Tisdell & Loch, 2017). In terms of the cognitive theory of multimedia
learning, presentation of both narration and text simultaneously allows for integration of
information simultaneously within working memory, reducing cognitive load (Mayer &
Moreno, 2003).

Similarly, the modality principle suggests that students learn more deeply when

graphics are described and explained using audio narration rather than on-screen text
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(Clark & Mayer, 2003). The use of dual modalities, visual and auditory, reduces
extraneous cognitive load and effectively increasing the capacity of working memory
(Gholson & Craig, 2006; Sweller, 2005). Again the modality principle is illustrated by
the cognitive theory of multimedia learning in that visual and auditory descriptions can
be integrated simultaneously within working memory before being stored in long-term
memory (Mayer & Moreno, 2003). This principle may be executed naturally in a live,
face-to-face classroom environment, as the instructor narrates presentation slides or their
own annotations on a whiteboard. However, synchronization of narration and visual
presentation may be disrupted during video editing and should be carefully considered
when preparing instructional videos. In order to experience the full effect of the modality
principle, narration of graphics must be aligned in the video presentation (Crook &
Schofield, 2017).

The redundancy principle recommends that students learn best from graphics
explained by audio narration alone rather than graphics with both audio and on-screen
text (Clark & Mayer, 2003). This principle is not in contradiction to the modality
principle, that suggests that multiple sources of information reduces cognitive load, but
instead acts to clarify this principle. The difference between modality and redundancy
lies in the nature of the information being presented. If the audio is repeating the
information presented in text form, they are redundant sources of information (Sweller,
2005). The redundancy of the information can increase demands on working memory as
learners attempt to integrate it along with other information being presented (Gholson &
Craig, 2006). The redundancy principle can be explained in terms of the cognitive theory

of multimedia learning. While this theory assumes a dual channel of information input,
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the two visual sources (graphics and text) are competing for one of the inputs. These
sources require integration, in addition to the integration required by the auditory
information and adds to the cognitive load of the information being presented. In this
case, extraneous cognitive load may be reduced by eliminating the text information.
Graphics are chosen instead of text because the audio that is simply reading text which
appears on the screen represents the redundancy in this situation (de Araujo et al., 2017a).

The coherence principle suggests that video designers should avoid the use of
extraneous graphics, words or other material that does not directly support the
instructional goal of the multimedia presentation (Clark & Mayer, 2003). The use of a
concise presentation of the lesson can minimize irrelevant cognitive load imposed on
memory during learning. Although teachers may be tempted to include additional video
segments or graphic animations to try to spark student interest, these features can actually
result in decreased learning (Mayer, Heiser, & Lonn, 2001). The coherence principle
reminds teachers to focus on the central instructional goal and minimize extraneous
material.

While the principles described above help to reduce extraneous cognitive load,
two other principles of multimedia learning, the pre-training principle and the segmenting
principle, assist in decreasing intrinsic cognitive load for students learning through video
watching. The pre-training principle suggests that students learn more deeply when
essential concepts and vocabulary are presented before procedures related to those
concepts (Brodahl & Wathne, 2016; Clark & Mayer, 2003). This principle is especially

important when dealing with complex processes or material. Applying this principle can
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reduce the intrinsic cognitive load on material that may overload or overwhelm a
student’s ability to process the material without pre-training (Kay, 2014).

The segmenting principle proposes another way to reduce the intrinsic cognitive
load of complex material. Segmenting suggests that students learn more deeply when
content is divided into smaller, more manageable chunks of information (Clark & Mayer,
2003). This “chunking” process allows students to control how fast or slowly they access
material, reducing the amount of overload on student learning, especially with complex
or new content.

The final principle to consider when thinking about instructional design for video
watching and learning is the personalization principle. This principle relates more to
instructor presence than cognitive learning science. Nonetheless, it has been found to
have learning impacts for students who are watching videos (Crook & Schofield, 2017).
The personalization principle suggests that students learn more from on-screen instructors
who use gestures and eye-gazes that are similar to human movements (Clark & Mayer,
2003; Crook & Schofield, 2017). While these on-screen instructors or “agents” may be
represented by animations, it is important that they use human-like gestures and a
conversational tone of voice (Clark & Mayer, 2003). The instructor’s tone of voice,
including polite wording that does not cross the line into informal slang expressions, may
increase the social presence of the instructor (de Araujo et al., 2017a). The use of this
principle has been seen to improve student learning (Clark & Mayer, 2003).

In summary, the eight principles that make up the design principles for
multimedia instruction can be applied together or separately to improve student learning.

These principles act to reduce extraneous and intrinsic cognitive demand on student
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learning and can also help to improve the learner’s connection with both the instructor
and the material. Five principles -- multimedia, contiguity, modality, redundancy, and
coherence -- can reduce extraneous cognitive load on student learning. Two principles --
pre-training and segmenting -- can reduce intrinsic cognitive load for students. The final
principle -- personalization -- improves instructor presence for video learning. While
these design principles have been used with multiple domains, they are appropriate to

apply specifically to video instruction for mathematics learning.

Theories of Technology and Student Learning

In addition to design principles that relate to cognitive science, several theories
have been proposed that have informed research with learning and technology. Although
these theories often describe the use of technology in general as it relates to student
learning, these ideas may be applied to learning from video watching specifically. The
theories I will discuss in this section are engagement theory and transactional distance.

Engagement theory suggests that students must be meaningfully engaged in
learning activities through interaction with others and with worthwhile tasks (Kearsley &
Schneidermam, 1998). In order to be engaged in learning, students must participate in
active cognitive processes through meaningful tasks. Engagement theory sees computers
as communication tools, not media delivery devices (Kearsley & Schneidermam, 1998).
However, in terms of video, students can be engaged through watching, analyzing and
creating (Niess & Walker, 2010). Watching video may expand student horizons and
introduce scenarios and contexts that spark discussion about mathematics concepts.
Videos can provide scenarios or show simulations that allow students to analyze

mathematics in context. Students can create their own videos as an authentic assessment
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of their learning. In these ways, digital video allows students to construct their own
knowledge through engaging with mathematics content in the classroom in ways they
learn and communicate outside of the classroom (Niess & Walker, 2010). Engagement
theory emphasizes that students learn through technology as they relate to each other in
groups, create projects where they can construct their own knowledge, and donate their
learning to others by producing an authentic product that reflects their learning (Kearsley
& Schneidermam, 1998). In terms of engagement theory, watching video is only one
component of learning that can be accomplished using digital video.

Another theory that can be applied to video learning is the theory of transactional
distance. Transactional distance is a pedagogical concept that describes the teacher-
learner relationship when they are separated by space and/or time (Moore, 2005).
Transaction, according to Dewey, involves the “interplay among individuals,
environment, and patterns of behavior in a situation” (Boyd & Apps, 1980).
Transactional distance represents the separation between a student and a teacher that may
be psychological, physical, or in time, and that must be crossed in order for learning to
take place. If this distance is not crossed, misunderstanding can occur between the
teacher’s input and the student’s input. Transactional distance exists to some degree
within all learning environments, but is magnified in distance education, especially
during asynchronous learning situations such as the use of video learning. The degree of
transactional distance can be changed through attention to the three variables related
specifically to teaching and learning rather than communication or technology that can
impact student learning — instructional dialogue, program structure and autonomy of the

learner (Moore, 2005).
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Instructional dialogue occurs when, for my study, the teacher gives instruction
and the learner responds. As it relates to video and education, the extent and nature of
instructional dialogue can be impacted by course design, course content and instructor
personality as it is conveyed through instructor presence. Virtual dialogue can take place
within a video as the teacher poses questions that may or may not require immediate
response by the student. Dialogue may also occur within the student’s own mind as they
interact with video content. Teachers may provide introductory material via video and
then ask students to respond before continuing with content instruction. Students who are
more advanced in content knowledge are often able to engage in more dialogue while
novice students require more direct instruction from the teacher (Moore, 2005).

Program structure is another variable that can affect transactional distance.
Elements of course design and the ways in which teaching is designed to be delivered
through communication media are included in program structure (Moore, 2005).
Differences in course objectives, teaching strategies, and assessment methods can lead to
differences in rigidity or flexibility of program structure. Variations in program structure
as it relates to instructional dialogue can lead to more or less transactional distance.

Transactional distance can be thought of as a continuous variable that changes
with differences in dialogue and program structure. An open structure with lots of
dialogue can lead to less transactional distance as students access the teacher and are able
to interact with instructional content in a variety of ways. A highly structured course with
little or no dialogue, such as an asynchronous fully online course, has a large
transactional distance (Trenholm et al., 2012). Overcoming this large transactional

distance by structure and dialogue is demanding in distance education and requires
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careful planning by content experts, instructional designers and technology specialists
(Moore, 2005). Even so, students may choose to use the program in their own ways, to
achieve their own goals.

Learner autonomy is the third component that impacts transactional distance and
is defined as the extent to which the learner determines the goals, learning experiences,
and evaluation decisions (Moore, 2005). In an instructional setting with a highly
structured program and little dialogue, a student must exercise more autonomy in order to
overcome the transactional distance. This student autonomy means that they can decide
if, when, and how to follow teacher instructions outlined in the course. Not all learners
are ready for a self-directed approach to learning and may require an orientation process
to be successful in this setting (Moore, 2005). Learning technologies such as video
chatrooms and online discussion boards can be used to decrease the transactional distance

by increasing the instructional dialogue within a course.

Instructional Style in Videos and Their Use for Mathematics Learning

Before discussing the research regarding video use in educational settings, I find
it necessary to define and describe several instructional styles that are important to this
research. Video can appear in several different instructional styles that may impact the
nature of the research, the ways students interact with the content, and the results in terms
of learning and attitude toward video use as a learning tool. Four instructional styles
identified in this review of research literature are lecture, set-up/motivation, vicarious
learning and interactive components of video. I will define each as they appear in the
literature. In a later section, each of these instructional styles will be discussed in terms of

their impact on student learning and/or attitude.
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The first instructional style is lecture, that has long been used for mathematics
learning. However, video capture of lectures is very different from viewing live lectures
in the classroom. This difference is due to the static nature of the camera taking a video
and the fact that many of the choices related to looking at the instructor or at the board
through cross-cutting is left up to the video editor and not the agency of the student
(Crook & Schofield, 2017). Lecture videos may take the form of archived videos of
classroom lectures (Cascaval, Fogler, Abrams, & Durham, 2008) or highly edited
productions of lectures in studios (Crook & Schofield, 2017) and every combination in
between. When videos are edited, transitions between screen formats and alignment
between the lecturer and visual content can have an impact on the continuity of the video
(Crook & Schofield, 2017). However, students often prefer teacher created video lectures
to those created by textbook or other professional providers (Hegeman, 2015). Therefore,
when creating their own videos, teachers should be careful to abide by the principles of
design discussed previously in this paper, such as chunking similar content into modules
(segmenting principle), and anticipating student difficulties and addressing them in
orientation materials (pre-training principle) (Clark & Mayer, 2003; Hegeman, 2015).
Video lecture is one instructional style that may impact student learning and attitude.

A second instructional style for video learning is set-up or motivation. While set-
up can be accomplished via lecture, a distinction is made in the literature based on the
primary instructional purpose of videos in this category (de Araujo et al., 2017a).
Although mentioned infrequently in the literature, video can be used to preview learning
or set-up context for a lesson (de Araujo et al., 2017a). In contrast to lecture and

instructional videos, videos used for set-up or motivation in a mathematics lesson may
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explicitly or implicitly connect to mathematics content. For example, a video of a person
shooting a basketball into a hoop may be used to spark student interest in exploring
quadratic functions (de Araujo et al., 2017a). While they may contain no direct
mathematics content or instruction, set-up videos represent another instructional style for
use in the mathematics classroom.

A third instructional style for videos in education involves vicarious learning.
Vicarious learning can be defined broadly as learning from observing (Chi et al., 2008).
Though not limited to application within video watching, vicarious learning has been
applied to this context. According to this definition, all video watching would in some
ways fall into the category of vicarious learning because learners are physically passive
as they watch videos (Gholson & Craig, 2006). However, for the purpose of this paper,
vicarious learning will be more narrowly defined as learning through observing other
learners, usually in the form of a recorded tutoring session (Muller et al., 2008, 2007).
Vicarious learning involves the learning benefits for students who are eavesdropping or
listen in as people discuss a topic (McKendree, Stenning, Mayes, Lee, & Cox, 1998).
The rationale for this instructional style finds its base within the sociocultural learning
theories of Vygotsky that assert that learning is a social process which can be assisted by
interactions with an adult or capable peer (Vygotsky, 1997). Through this mediated
learning process students learn to be proficient in the use of the language of the content
domain within dialogue orchestrated around learning activities (McKendree et al., 1998).
Vicarious learning suggests that students benefit from observing the dialogic interactions
of others as they negotiate learning because it lowers the cognitive demands on the

watcher. While both the dialogue participant and student watcher are constructing
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knowledge, the watcher has less emotional engagement in the dialogue and may be better
able to focus on the content being addressed, that may lower the cognitive load
(McKendree et al., 1998). Vicarious learning can assist student learners through allowing
them to observe other students in the learning process and can be easily translated to
video watching through the recording of tutoring sessions or peer discussions (Chi et al.,
2008; Muller et al., 2007).

The final instructional style for video watching is the addition of interactivity to
the video itself. While interactivity can have multiple meanings, including the addition of
applets or dynamic tools to assist student learning, in the case of this paper, interactivity
will be defined as the addition of settings such as a table of contents or index that allow
students to search for specific content with minimal effort (Merkt & Schwan, 2014).
Many times, students are presented with video as a very passive approach. Because
students are used to watching video interactively through stopping, pausing or searching,
some researchers have included this instructional style into their research with video for
mathematics learning (Merkt & Schwan, 2014; Zhang et al., 2006). The ideas of
constructivism suggest that these tools may encourage students to access information in
ways that allow them to construct their own understanding of content (Zhang et al.,
2006). Analysis of student use of these interactive tools may also give researchers better
understanding as to how students engage with videos when they are struggling or
questioning content (Weinberg & Thomas, 2018).

All four of these instructional styles are important and have been used and
modified by researchers to determine the best combination for students to learn using

mathematics videos. The first three instructional styles relate to the video itself. The last
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instructional style involves tools that are added to the video in order for the students to
engage in a more self-directed way. All four instructional styles will impact ways in
which students use the videos and what types of learning they are able to take away from

them.

Learning Environments and Video Use

Videos can be used for mathematics instruction and learning in a variety of
settings. In this paper, [ will define and discuss the use of video within three instructional
settings: the flipped or blended classroom, fully online instruction that includes MOOC:s,
and the face-to- face or traditional classroom. Each of these instructional settings has a
wide variety of teaching and learning ideas and constructs that could be discussed. This
paper will be limited to those facets of each setting that relate directly to video watching.
Other ideas will only be addressed as they relate to video watching in these contexts.

The face-to-face classroom with traditional instruction is probably the most
familiar context for students, teachers, and researchers. For the purposes of this
discussion, the face-to-face classroom will be defined in terms of traditional instruction
that follows the pattern identified by Stigler and Hiebert (1999). This traditional pattern
of instruction includes reviewing previous material, demonstrating how to solve the
problems for the day, practicing, and correcting seatwork/assigning homework. Although
many of the research studies included in this review occurred in the laboratory or
addressed the flipped classroom, others were conducted in traditional face-to-face classes.
Within the face-to-face classroom, videos can be used to personalize learning by

remediating concepts and processes or allowing students to review material at their own
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pace. Additionally, video can be used as a motivational tool to set-up or preview contexts
for an activity or lesson.

Video can be used in a variety of ways to remediate and fill in learning gaps for
students in a traditional class. Burn, Baer, and Wenner (2013) used a program called The
Math You Need, When You Need It (TMYN) to provide just-in-time mathematics
remediation for students in introductory geoscience courses. Higher and more sustained
levels of student engagement were identified in courses where these embedded videos
were accessible to students (Burn et al., 2013). Video has also been used to personalize
learning for students. Cascaval, Fogler, Abrams, and Durham (2008) used video to
archive class lectures in both hybrid and face-to-face classes. Using both class screen
captures with audio and video taping regular class lectures, researchers found that
archived videos added value to the learning process with little effort on the part of the
instructor. Other studies suggest that increased student engagement and enjoyment
occurred with videos that give students the opportunity to review concepts and learn at
their own pace (Ahmad et al., 2013; Kay, 2014).

Student engagement and motivation can also be increased in a face-to-face class
through video designed to set-up or preview learning content. While these videos may or
may not be directly exploring mathematical content, they can be helpful in encouraging
students to think about mathematics in context of real world situations (de Araujo et al.,
2017a). Video has the ability to bring real world applications into the classroom (Petocz
& Wood, 2001). Both personalization and motivation are important uses of digital video

within the face-to-face traditional classroom.
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Video is also useful for instruction in fully online courses including MOOC:s.
Because students are separated from teachers in space and sometimes in time within
online courses, the video may be the only form of explicit content delivery within the
course (Trenholm et al., 2012). The format and construction of the instructional video
within an online course is important to overcome transactional distance caused by the
separation of teacher and student (Moore, 2005). These instructional videos, often called
e-lectures, can be formatted in several different ways including as a recorded lecture, a
voice-over presentation or as a picture-in-picture presentation (Crook & Schofield, 2017;
de Araujo et al., 2017a). A recorded lecture could be a recording of a live lecture in front
of a class of students or it could be a staged lecture in an empty classroom (Trenholm et
al., 2012). A voice-over presentation may include pre-typed slides within a presentation
software or a whiteboard with handwritten text. Information could be static or revealed as
needed. The lecturer could be shown in a small window within the larger presentation
screen, may take up the whole screen with a head and shoulders shot or may be
completely absent from the screen and be present in voice only (de Araujo et al., 2017a).

The last instructional setting for video use is the flipped or blended classroom.
The flipped class is defined as a class where the activities typically done in class are now
done at home, and the tasks generally thought of as homework are now done during the
class (Bergmann & Sams, 2007). Within the context of a traditional, face-to-face
mathematics classroom, flipping the class means that the teacher creates their own videos
or assigns some other instructional video for students to watch at home (Pinzon et al.,
2016). A variety of variables and research questions related to the use of video in the

flipped classroom have been investigated. While many of these studies relate to what
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students are doing during their in-class time, I will focus on the variables that relate to the
instructional video and its use. These variables include technology issues involving
teachers, the nature of the video content as procedural or conceptual, and the position of
video as curriculum materials.

As teachers move from a traditional classroom format into the flipped classroom,
they may struggle with the technology. This technology may include the creation, editing,
and presentation of videos for instruction. Both students and teachers must have some
level of comfort and experience with technology or the effectiveness of the flipped
classroom for improving student learning may be negatively impacted (Kirvan et al.,
2015). Another factor that may impact the effectiveness of the flipped class is the nature
of the videos themselves.

Just having a flipped classroom does not guarantee increased conceptual
understanding for students. Videos used in flipped mathematics classes are often
procedural in nature and may not provide full understanding of the mathematics involved
(Kirvan et al., 2015). Although the classroom activities may add a conceptual perspective
to the learning, the nature of the mathematics within the videos is also an important
consideration. Bowers, Passentino, and Connors (2012) used design research with
instructional design specialists and preservice secondary teachers to identify aspects of a
video along with an interactive applet to support the reinterpretation of thinking about
mathematics. They identified four recommendations based on five iterations of design
research. The first recommendation was to use research about student problem solving
routines and then introduce alternative conceptions in order to create cognitive struggle

within students. The second recommendation was to model discursive routines, including
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use of precise language, use of models and tools, and moving between intuitive and
formal definitions. This recommendation was an attempt to move students beyond the
“what” of mathematics and into the “how to think like a mathematician.” The third
recommendation was to use interactive applets in conceptual videos to support
exploration by students. The fourth recommendation was to include think time and low
distraction levels in conceptual videos, including prompts for students to pause the video
to think or try a problem themselves before moving on. Because the nature of
mathematics includes both procedural and conceptual knowledge (Star, 2005), videos
used for teaching mathematics must also include both types of mathematical instruction.
The recommendations by Bowers, Passentino, and Connors (2012) provide a way to
improve mathematics instructional videos to include more opportunities for students to
develop conceptual knowledge of mathematics content.

Another variable included in research related to videos used in flipped classrooms
is the position of digital video as curriculum materials. de Araujo, Otten, and Birisci
(2017b) investigated how a community college professor used digital video as curriculum
materials when flipping her College Algebra class for the first time. Using the curriculum
framework identified by Remillard and Heck (2014), the researchers described how the
professor chose to make videos and found that the textbook materials were supplanted by
the videos as curriculum materials during the process of flipping the class. Unlike the
position of videos within the traditional classroom, where the instructor is directing
instruction within the class and videos are used to supplement this instruction, the
position of video in the flipped classroom is more complex. Because the videos were

created by the course instructors they were considered to be curriculum for the class but
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were also modified through the personality and pedagogy of the instructor. de Araujo et
al. (2017b) suggest that the enacted curriculum framework needs to be modified to
include the use of videos in a flipped class context. The teacher who identified as content
provider and was also the professor in this study, chose to produce her own instructional
videos instead of using the videos provided by the textbook publisher. By creating videos
that were similar to her live lectures, the professor expressed that she could better meet
the instructional needs of her students by providing more extensive explanations and by
addressing student misconceptions.

To summarize, video has applications in multiple instructional settings, including
the face-to-face classroom, fully online classes and the flipped/blended class. Videos can
be used to fill learning gaps (Ahmad et al., 2013; Kay, 2014) or to motivate students to
think about mathematics in real world contexts (Petocz & Wood, 2001). In a fully online
setting, videos that contain the instructor’s voice or face can add presence and decrease
transactional distance between the student and teacher (Trenholm et al., 2012). Content
instruction can be presented through videos that are watched prior to the live class in
order to flip the class format (Pinzon et al., 2016). In all of these settings, videos can be
used to increase student learning and to improve student motivation and attitudes toward

learning mathematics.

Video Learning to Improve Student Attitudes and Learning

Video has been shown to improve both student attitudes toward mathematics and
student achievement and learning in mathematics. A variety of studies in various

instructional contexts have identified ways to optimize student learning through the use
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of mathematics videos. In this section, I will summarize findings related first to student

attitudes and then to student learning.

Student Attitudes

Findings about student attitudes when watching videos for mathematics learning
can be divided into four general categories: student preferences, flexible learning, short
and simple, and instructor presence. These categories will be discussed based on a
synthesis of empirical research findings from multiple sources. Some of the findings
reinforce ideas discussed in the Design Principles and their Impact on Cognitive Load
section of this paper.

The general impact of video watching is positive in terms of student preferences
(Trenholm et al., 2012). Most students found video watching useful or very useful in self-
report surveys (Kay, 2014; Trenholm et al., 2012). In one study students who used
textbooks had higher enjoyment scores than students who watched videos (Ilioudi et al.,
2013). Researchers suggested that this may have been due to student familiarity with this
learning modality as compared with video watching. In spite of this study’s findings,
others found that most students liked watching videos better than reading the textbook
(Kay, 2014; Sahin et al., 2015; Trenholm et al., 2012). The overall attitude of students
toward video watching for mathematics learning seems to be positive especially when
some of the other categories are considered.

Students found value in video watching, especially as it relates to flexible learning
(Kay, 2014). Videos were able to fill in learning gaps for students making it easier for
them to supplement in-class learning and enhance understanding of mathematics skills

(Ahmad et al., 2013; Kay, 2014). Students also found it valuable to use videos to review
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for exams (Kay, 2014) or to deepen understanding of difficult math content by seeing
multiple solution methods for problems (Ahmad et al., 2013). Students saw videos as a
way to personalize their mathematics learning in a flexible way that could be easily
accessible to them.

In addition to flexibility, students appreciated short and simple instructional
videos. Students expressed a preference for shorter mathematics videos (Brodahl &
Wathne, 2016; Guo et al., 2014). This finding supported the segmenting principle that
suggested that intrinsic cognitive load is reduced by dividing content into shorter chunks.
Step by step explanations were preferred (Guo et al., 2014; Kay, 2014). However,
students did not like when too much non-mathematics content was included in the video
(Petocz & Wood, 2001) or when the information on the screen was merely read to them
(Brodahl & Wathne, 2016). This finding supported the coherence and redundancy
principles that suggested that cognitive load is increased when too much extraneous
material is included or when on-screen text is read aloud during an instructional video.
Although students focused on the benefits of short and simple videos with step by step
explanations, they also wanted videos to include the personality of the instructor.

Finally, student attitudes were found to be more positive about videos that
included instructor presence. Some personal representation of the instructor could occur
as a picture in picture video in which the instructor was visible throughout the video or a
video in which the only the voice if the instructor was present over a whiteboard or
presentation screen (de Araujo et al., 2017a). In either case, students seemed to prefer
videos created with a personal feel including a friendly and enthusiastic tone of voice

(Brodahl & Wathne, 2016; Guo et al., 2014). These findings supported the
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personalization principle of multimedia design, which suggested that students learn more
deeply from on-screen instructors (Clark & Mayer, 2003). Although personal touches
were important, humor was found to be polarizing in terms of student attitudes (Petocz &
Wood, 2001). Overall, students had a more positive attitude toward videos that included
the personality and presence of an instructor more than highly rehearsed and produced
studio recordings.

Student attitudes about video watching for mathematics learning are impacted by
the use of videos to replace or support textbooks in mathematics instruction (Kay, 2014).
Students seem to prefer videos because they provide a flexible, personalized style of
learning in which they can access learning at their level and for their purposes (Ahmad et
al., 2013; Kay, 2014). Additionally, students seem to like videos that provide a short,
systematic solution explanation (Brodahl & Wathne, 2016; Guo et al., 2014) that contains
some kind of personal touch and conveys the presence of the instructor, either visually or
through audio (Brodahl & Wathne, 2016; Guo et al., 2014). These attitudes of students as
identified by research closely align with the design principles identified in the Design

Principles and their Impact on Cognitive Load section of this paper.

Student Learning

Findings from research about student learning in mathematics as it relates to video
watching can be summarized by two categories of research: research involving changes
to video content and research involving changes to student activity either during or after
watching videos. Research involving changes to video content included studies that tried
to identify specific aspects of the theory of multimedia design or other learning theory in

order to improve student learning while watching videos. Changes in video found in the
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literature included changes to the style of the video (Ilioudi et al., 2013), and vicarious
learning with the addition of misconceptions or alternative conceptions (Craig, Sullins,
Witherspoon, & Gholson, 2006; Muller, et al., 2008; Muller et al., 2007). A change to the
style of the video to include instructor presence is suggested to be one way to increase
student learning (Ilioudi et al., 2013). This finding is supported by the personalization
principle of multimedia design. Additionally, research results suggested that vicarious
learning with deep thinking questions have learning benefits when embedded in course
content (Craig et al., 2006) or misconceptions are discussed in vicarious learning videos
(Muller et al., 2008). These research findings support the idea that changes to the style of
mathematics instructional videos had a positive impact on student learning.

Research involving changes to student activity either during or after video
watching use learning theory to insert additional strategies into watching videos in order
to increase student learning. Additional student activities found in the literature included
student notetaking while watching videos (Black & Yao, 2014), the addition of
interactive components to allow students to pause or revisit (Merkt & Schwan, 2014;
Zhang et al., 2006), collaborative watching of videos (Craig, Chi, & VanLehn, 2009),
and quizzes after the video watching (Weinberg & Thomas, 2018). Black and Yao (2014)
questioned the value of notetaking for students watching videos. Results indicated no
significant difference by condition, suggesting a “do no harm” result for student
notetaking while video watching. Interactive video allows students to search for topics
within the video, accessing a particular video segment with minimal time and effort
(Zhang et al., 2006). However, no difference in student learning was identified between

groups who used interactive video and those who used non-interactive video (Merkt &
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Schwan, 2014; Zhang et al., 2006). Collaboratively observing videos, when pairs of
students solve problems collaboratively as they observe expert tutoring, represents a third
activity that students can do while watching videos (Craig et al., 2009). Students who
participated in collaboratively observing tutoring performed better on long-term near
transfer measures than students collaboratively observing worked examples or those
observing worked examples alone (Craig et al., 2009). A final activity added to video
watching was investigated by Weinberg and Thomas (2018), who added quiz questions to
the end of some videos. Twelve student volunteers were interviewed while watching
mathematics videos. Weinberg and Thomas (2018) suggested that students in their study
attempted to monitor their own understandings while watching videos but were often
unsuccessful. Additionally, what students learned from the video was impacted by the
questions they were asked after the video, as students seemed to be making sense of the
mathematics while responding to the interviewer’s questions. All of these additional
activities encourage students to engage while watching videos for learning. These
findings support engagement theory as discussed in the Theoretical Framework section
of this paper. Engagement theory suggests that students must be meaningfully engaged in
learning activities in order for learning to take place (Kearsley & Schneidermam, 1998).
The addition of notetaking, interactivity, collaborative observation, or quiz questions may
increase the availability of engaging activities and the chance that students will be
meaningfully engaged in learning while watching instructional videos.

In summary, these studies have shown a positive or “do no harm” result for
student attitudes and learning while watching mathematics instructional videos. Students

seem to like to watch short, simple videos. Additionally, they appreciate the flexibility
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afforded them by learning mathematics through video watching and like to see their
instructor’s presence exhibited in some way during the video instruction. Students are
learning some mathematical content from the video watching experience, especially
when interactive features or questions are added to the video presentation. Questions still
remain about what students are doing while watching instructional videos to learn
mathematics. Further research is required to determine how students are framing the

mathematics as they are watching instructional videos.

Conclusion and Gaps in Research

Digital video as a tool for learning has multiple benefits for both student attitudes
towards learning and student learning itself. Videos can be used by themselves or with
additional activities, such as notetaking (Black & Yao, 2014), interactive components
(Zhang et al., 2006) and collaborative observation (Craig et al., 2009), to improve
learning across content areas and in mathematics in particular. Videos are useful learning
tools in a variety of class formats, including face-to-face instruction (Ahmad et al., 2013;
Kay & Edwards, 2012), flipped classrooms (Otten, 2016) and fully online instructional
settings (Trenholm et al., 2012). Multiple learning theories have been used to study video
learning and to assist in improving student learning and engagement while watching
videos (Clark & Mayer, 2003; Kearsley & Schneidermam, 1998; Moore, 2005). While
studies have investigated the results of student learning gains and attitudes following
video watching, few studies have actually observed what students are doing during video
watching. Although some research has looked at student sense-making while watching
videos (Weinberg & Thomas, 2018; Weinberg et al., 2014), this research has dealt with

advanced mathematics. I propose to build on prior research to investigate how students
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are framing their responsibility and the responsibilities of the video as the resource
according to the didactic contract (Brousseau, Berdard, & Nontna, 2014). Moreover, |
will use the ideas described in the theoretical framework related to responsibility frames
combined with the cognitive design principles to investigate differences in the ways in
which students interact with mathematics instructional videos that have various levels of
adherence to the design principles. I suggest that this will inform mathematics teachers as

they create and use instructional videos in their classrooms.

Theoretical Framework for Research

In addition to the cognitive theory of multimedia design, I used the theory of
didactic situations and the documentational approach to didactics to identify the rules and
responsibilities that participants hold for themselves in instructional situations, generally,
and the video they are watching, in particular. I looked at what the participants viewed as
the rules that define their responsibilities in learning mathematics from videos as well as
their views about responsibilities of the video as a resource for learning mathematics. |
suggest that the theory of didactic situations (TDS) and its counterpart, the
Documentational Approach to Didactics (DAD) will aide in the framing of these
responsibilities to understand how they may impact student learning from mathematics
instructional videos.

According to the TDS, a didactic contract is defined as all of the implicit
expectations and beliefs between teachers and students in an instructional situation that
are deemed appropriate to the mathematics being taught (Brousseau et al., 2014; Gueudet
& Pepin, 2018). This contract results from the unspoken negotiations of relationships

between a teacher, students, a milieu and a system of education. The didactic contract can
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also be thought of as the “rules of the game” in a didactic situation (Duah, Croft, &
Inglis, 2014). Frames identified by the TDS and DAD are similar to eframes in that the
parties involved may not be aware of them, but they capture a different sense of the
classroom. These rules have been used to understand the interaction between a teacher
and student related to knowledge and tasks around which they are relating and how the
rules may determine the behavior and thinking of the participants for this interaction
(Elia, Gagatsis, Panaoura, Zachariades, & Zoulinaki, 2009).

Herbst (2006) used the didactic contract to understand why teachers and students
work together and how they divide the labor. He distinguished between the “problem,”
“task,” and “situation” (p. 315) as students engaged in solving mathematics problems. In
this way of understanding the didactic contract, the problem represented embodiment of
the piece of knowledge and stood alone as a mathematical concept independent of the
solver. However, as educators, we must understand how the student’s knowing of the
knowledge embodied in the problem springs from the interaction with the problem. This
knowing was represented by the task that includes the context of the problem and all of
the ways in which the student may act on the problem to solve it, including resources and
feedback received by the student which may or may not be enacted. Situations had to do
with the frames or responsibilities that defined the enactment of different roles, norms
and scripts in the mathematics classroom.

The didactic contract is thought about in two parts, one related to the student and
one to the teacher. Researchers have applied the didactic contract to the interactions in a
typical mathematics classroom. Brousseau, Berdard, and Nontna (2014) identified both

didactical and ethical responsibilities that include the responsibility to organize the
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mathematics in a standard way and the responsibility to act as the authority of
mathematical truth in the classroom. Other teacher responsibilities identified are listed in
Table 1. Additionally, student responsibilities defined in prior research include the
responsibility to use the data in the problem along with known arithmetic or algebraic
operations and algorithms that are combined appropriately to find the answer and the
responsibility to give an answer to every problem (Elia et al., 2009). While these
responsibilities have been defined for the face-to-face classroom, I suggest that teacher
and student responsibilities may be different for students watching mathematics

instructional videos.

Table 1

Teacher Responsibilities

The teacher has the responsibility to...

... identify errors that have been or might be made and pass judgment on them
(without passing judgment on their authors).

... provide the students with a moderate amount of individual help (as with the natural
learning of a language).

... organize the mathematics in the standard way.

... confirm the mathematics or give proofs.

... support the collective and individual activity of the students.

... attest in the end to the truth of the mathematics that has been done.

The teacher has the responsibility to...

... 1dentify errors that have been or might be made and pass judgment on them
(without passing judgment on their authors).

... provide the students with a moderate amount of individual help (as with the natural
learning of a language).

.. organize the mathematics in the standard way.

.. confirm the mathematics or give proofs.

.. support the collective and individual activity of the students.

.. attest in the end to the truth of the mathematics that has been done.
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Herbst, Nachlieli, and Chazan (2011) used the idea of the didactic contract along
with what they define as “practical rationalities” or dispositions of members of a didactic
event to act in a certain way to outline what is reasonable or customary in a particular
situation to interpret teacher/student interactions in a high school mathematics classroom.
They suggest that teaching high school mathematics involves entering into a contract that
applies roles to the teacher and students in terms of the mathematics tasks in the
classroom. While implicit, Herbst et al. (2011) used the didactic contract to identify the
frames or instructional situations within the classroom in which teachers and students
work together in order to make sense of the mathematics. In this interpretation the
instructional situation involves norms that are understood within the classroom and that
regulate the trade of work between the teacher and the student. These norms involve tacit
expectations of both the teacher and the student. An example of this in the math
classroom would be solving a geometry problem. According to the didactic contract of
the class, the teacher may give information about the mathematics involved in the topic
of the day. The practical rationalities of the classroom may dictate that the teacher has the
right to pose questions that scaffold the knowledge of students and students are expected
to answer. In this way, the work involved in making sense of the mathematics is traded
and negotiated between the teacher and student. In a similar way to eframes in my pilot
study (described below), the didactic contract uses the idea of frames. However, the
frames in the didactic contract relate to instructional situations, allowing them to be
applied to the instructional situation of video watching instead of the classroom. While

the trading of work and the norms related to this symbolic economy in a face-to-face
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mathematics classroom is defined, the practical rationalities involved in learning
mathematics from video watching may involve different dispositions and expectations.
Researchers have used the didactic contract and theory of didactic situations in
different pedagogical situations related to learning mathematics. Additionally, the
didactic contract has been linked to the students’ use of resources using the
Documentational Approach to Didactics (DAD) (Gueudet & Pepin, 2018). According to
DAD, the use of resources, specifically textbooks, contributes to shaping instruction and
learning of mathematics. While the theory of didactic situations considers the milieu to be
the instructional situations in which the teacher and students relate, DAD expands this to
include the set of all student resources, both physical and social, where students interact
in a goal-directed activity with these resources. Teachers and students develop schemes
of use for the resources. These schemes include the aim of the activity, the rules of action
for the activity, operational invariants (Ols) about the use of the resource, and inferences
or adaptations toward a new aim. With respect to DAD, the Ols are considered to be the
didactical contract rules for the use of the resource, for example a physical textbook
compared with an online textbook. An example of an OI identified from the use of
textbooks is “the students must be able to use mathematics books” (Gueudet, 2017, p.
215). While DAD had previously been applied to define OIs for the use of mathematics
textbook, Gueudet and Pepin (2018) identified a connection between the didactic contract
and the DAD and used it to investigate differences in the rules for teachers and students
about the use of digital resources, such as online textbooks, and how these differences
may impact mathematics learning. They theorized that this connection and the schemes

involved are specific for each resource. They were able to identify differences in the Ols
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for students and teachers that connected to ineffective use of resources which may have
impacted student learning. For example, in one university, digital resources were seen by
the university administration as a source of support for student learning, but teachers did
not see them as useful and did not assist students in making use of the online textbook.
Because the teachers did not develop the implicit relationship with the online textbook as
an important resource, students did not make use of this resource in their learning.
Gueudet and Pepin (2018) suggested that the teachers did not adopt the OI of “the digital
resources offered by the department are useful for supporting students’ learning of
mathematics” (p. 71). Moreover, students’ lack of utilization of the online textbook as a
resource was seen as impeding their ability to keep up during instruction. As a result,
they missed key mathematics content and tutorials provided by the online textbook,
impeding their mathematics learning within the course. This research suggested that
understanding the implicit rules of the didactic contract related to the use of specific
resources, such as an online textbook or perhaps an instructional video, teachers could
encourage student use of these resources and thus improve learning outcomes.

The application of the didactic contract to resources in DAD leads me to think
about differences in the didactic contract for students within the milieu of video watching
for mathematics learning. Students watching videos may hold implicit rules about the use
of videos for mathematics learning. These rules may be different from the didactic
contract that has been identified previously for the face-to-face classroom or related to
the use of mathematics textbooks. While watching videos, students bring with them
certain beliefs about their responsibility when learning math. Moreover, they have beliefs

about the responsibility of the presentation of material in the video. Student beliefs about
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responsibility on the part of themselves and the video form the “rules of the game” for
video watching, as outlined in the didactic contract. These rules may differ for different
students and may impact the ways in which they view the mathematics presented. These
rules may also have some critical commonalities among students as well. I suggest that
the set of beliefs about responsibilities held by each student represents their
“responsibility frame.” I will attempt to identify the responsibilities held by my
participants and look for patterns and differences across levels of both prior knowledge
and mathematics related beliefs.

Because of this change in framework, I modified my research questions to include
the notion of responsibilities. My modified research questions are:

1. How are student responsibility frames similar or different among students within

a particular video?

a. How are student responsibility frames similar or different among students
with different levels of prior knowledge related to solving systems of
equations?

b. How are student responsibility frames similar or different among students
with different mathematics-related beliefs?

2. How do the various video design principles support or constrain the uses of

particular responsibility frames?
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CHAPTER 3

PILOT STUDY

When I began the process of this dissertation, I hoped to build on the research of
Weinberg and Thomas (2018) who used sense-making frames identified in Weinberg,
Wiesner, and Fukawa-Connelly (2014) to determine if these frames could be applied to
students at all levels of mathematics learning, specifically college algebra students.
Additionally, I wanted to incorporate theories about instructional design and their impact
on student learning through cognitive load to see if students may use different sense-
making frames when viewing videos with different instructional styles. My research
questions for this pilot study where:

1) How are student sense-making frames similar or different among students within

a particular video?

a. How are student sense-making frames similar or different among students
with different levels of prior knowledge related to solving systems of
equations?

b. How are student sense-making frames similar or different among students
with different mathematics-related beliefs?

2) How do the various video design principles support or constrain the uses of
particular sense-making frames?

A full description of my pilot study is found in Appendix H.
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Methods for Pilot Study

The second aim of the pilot study was to test methods used to investigate and
define frames used by students in sense-making while watching videos about systems of

equations.

Participants

The pilot study drew participants from students taking a college algebra course at
Temple University. Students in this course were education majors who were not planning
to become middle or secondary mathematics teachers and represented a wide distribution
of mathematics skill and knowledge. As described previously in the Theoretical
Framework for Pilot Study Research section, I suggested that college algebra students
may have different ways of framing the mathematics presented in videos than students in
previous research who were in advanced mathematics classes . While students in this
class may have had some experience with the mathematics content of the chosen videos
during their high school mathematics courses, these topics were most likely to have been
studied years prior to their participation in this study. However, I did not account for the
fact that they would participate in this study after reviewing this topic as part of their
current coursework. This meant that study participants had recently encountered the topic
and had more prior knowledge that originally anticipated. The fact that this topic was a
requirement for completion of the course provided a motivational factor for students to be
interested in both the research study and learning the content.
I recruited six students from two sections of the Spring semester of a college algebra
course. Before selecting participants, all students in these two sections were given a short

assessment to measure prior knowledge of solving systems of equations as well as the
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Mathematics-Related Beliefs Questionnaire (MRBQ) to measure student beliefs about
mathematics. Participants were then selected for video watching interviews based on their
prior knowledge and mathematical beliefs. Because I wanted to select students with a
variety of scores on these factors, I selected three participants with high prior knowledge
scores and high MRBQ scores, one participant with middle prior knowledge score and
middle MRBQ score, and two participants with low prior knowledge scores and low

MRBQ scores.

Measures

The pilot study included the use of instructional videos on the topic of solving
systems of equations by elimination. Solving systems of linear equations is a challenging
topic for students because solutions can be found using multiple methods and
representations (e.g., tables, graphs, and equations). I selected videos from among those
that are available on the internet, using a Google search of the terms “solving systems of
equations by elimination.” I chose to use extant videos because these are the videos that
students would find when searching for internet resources. Additionally, I watched each
video and assessed it based on the eight cognitive design principles discussed in the
literature review section of Chapter 2. I scored each video on a scale of 0 to 5 for each
design principle with 0 meaning that the principle was not seen in the video, 1 meaning
that the principle was not followed in the video, 2 to 4 meaning that the principle was
seen to an increasing degree up to 5 meaning that the principle was obeyed throughout
the video. A chart displaying the ratings for all videos analyzed is included in Appendix

B of this paper.
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Additional Measures

Additional measures included a pretest of student knowledge about solving
systems of equations and a variation of the Mathematics-Related Beliefs Questionnaire
(MRBQ) (Op’t Eynde & De Corte, 2003). The pretest includes problems that are
designed to test student prior knowledge related to solving systems of equations. Solution
methods included in the pretest are graphing, substitution and elimination. These solution
methods are commonly taught during Algebra I in U.S. schools and are included in the
Common Core State Standards for Mathematics. Problems included in the pretest were
selected from example problems from the Pennsylvania Algebra I Keystone Exam and
the SAT Mathematics section. Additional questions were added to assess student
understanding of the meaning and reasonableness of answers and solution strategies. For
example, question 2a asks participants to use graphing to solve the system of equations.
Question 2b was added to assess student thinking and asks participants how they know
that their answer for part a is correct. A full version of the pilot study pretest can be found
in Appendix C.

The MRBQ was originally designed to identify student beliefs that make up their
mathematics-related beliefs system (Op’t Eynde & De Corte, 2003). Mathematics-related
beliefs are defined as “the implicitly or explicitly held subjective conceptions students
hold to be true about mathematics education, about themselves as mathematics learners,
and about the mathematics class context” (Op’t Eynde & De Corte, 2003). The MRBQ
was divided into four factors or categories of student beliefs about mathematics. Factor 1
related to the teacher’s role as a facilitator of learning, Factor 2 related to student
competence with mathematics, Factor 3 related to beliefs about mathematics as a social

activity and as it relates to the real world, and Factor 4 related to beliefs about
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mathematics as an unchanging subject. De Corte (2015) revised this framework and
identified four factors different factors within the MRBQ. These factors were Factor 1,
beliefs about the significance of and competence in mathematics; Factor 2, beliefs about
the role and functioning of the teacher; Factor 3, beliefs about mathematics as a learnable
subject; and Factor 4 beliefs about mathematics as a functional necessity of school life. In
order to inform my selection of participants, I used the De Corte (2015) version of the
MRBQ as shown in Appendix D. Participant scores on Factor 3, beliefs about
mathematics as learnable subject, was used to select participants for the study, as
described previously. I posited that this factor may have had the most impact on student

differences in the ways in which students watch mathematics instructional videos.

Data Collection

Participants were asked to attend two one-hour sessions in which they watched
the selected instructional videos and participated in semi-structured interviews. The
second session included watching the NancyP1 video. I decided to have all students watch
the Khan Academy video first because students would be more familiar with this style of
video (Ilioudi et al., 2013). These video watching and interview sessions were audio
recorded. At the beginning of the first session, participants were asked some general
interview questions as follows:

1. How did you like high school math? What was the last high school math course
you took?

2. What were the things that you remembered from the course?

3. Were there any things in the course that really stood out to you?

4. What did you struggle with and what did you find confusing?
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These questions were meant to be icebreakers and to help the participants feel
comfortable during the interview process. I also added questions based on their MBRQ
results as follows:

1. Is there a particular topic in math that you feel more confident about? Is there a
particular topic in math that you feel less confident about?

2. I noticed on the survey that you believe that you can/can’t get good grades in
math. Do you feel the same way about your ability to do well when solving
systems of equations? Why or why not?

3. Inoticed on the survey that you believe that you will/will not be able to use what
you learn in math in other courses. Do you feel this way about learning systems of
equations? Why or why not?

4. How confident do you feel about solving systems of equations?

5. Is your confidence level different when using different solution methods, for
example, substitution versus elimination? If so, what do you think makes it
different?

6. I noticed on the survey that you believe that you are not the type to do well in
math. How does this belief relate to your belief in your ability to solve systems of
equations?

During the video watching, participants were instructed to stop the video when they
saw something that caught their attention/interest or when they were confused. When
participants stopped the video, I noted the timestamp on the video and asked them the
following questions:

1. Why did you stop the video? (Attention/interest or confusion)
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a. What caught your attention?
OR
b. What was confusing?
2) What do you want to do now? Why is that your choice?
Participants then continued watching the video. This process continued until the end of
the video. Some participants chose not to pause the video.

After the video watching, I asked the participants a series of questions that

included the following:
1. What did you notice about the video?
2. What did you think was important to take away? Why?
3. What in the video did you notice, but not find valuable? Why?

Subsequently, participants were given a problem similar to the problem in the
video and were asked to solve the problem to the best of their ability.

Participants were asked to return for a second video watching session that
proceeded in a similar fashion. Following the problem solving in the second session I
also asked participants the following interview questions:

1. What does it mean to be good at math? Why?

2. Would you rather watch live math lecture or a math video? Why? What makes
this other one worse?

3. What are some of the things that you do during a math class? Why do you do
those things?

4. What are some ways that you use math in your everyday life?
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5. What do you do when you are confused or don’t understand something in math?
What are some things you could do?
6. What do you do when you make mistakes in math? Do mistakes help you to
learn? How (or why not)?
7. Is there anything else you want to tell me?
In addition to the general interview questions, I also asked participants questions specific
to the procedures and mathematics in each video. A list of these questions can be found

in Appendix E.

Data Analysis

The goal of the pilot study was to test my methods. Toward this end, I used
thematic coding of transcripts from the two sets of participant interviews. Beginning with
transcriptions of the first interview, I read through each transcription looking for themes
and coding for instances in which students described their attempts at sense-making
during the video watching session. I looked for patterns and themes as I coded the
transcripts in an attempt to hypothesize about the participants’ eframes. I looked for
patterns in these procedures such as multiplying by a negative or distributing a factor
over the entire equation. These patterns were identified as representing a frame related to
mathematical procedures.

Following this initial coding, I reread the transcripts this time comparing the
initial codes with the differences in the videos based on cognitive design elements.
During this coding, I was looking for themes that were related to the differences in the
videos. For example, a participant remarked that they were distracted when watching a

video in which the instructor was present and that the instructor presence interfered with
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their ability to see what was written on the screen. By the end of the pilot study I had
hoped to have several contrasting cases representing the ways in which students make
sense of mathematical instructional videos. However, the cases identified did not
represent new or interesting cases, but rather were similar to prior research related to

mathematics learning in the classroom.

Critical Findings

This study was conducted later in the semester than originally planned. Because
of this delay, the topic of solving systems of equations by elimination had already been
covered in the class. When interviewed, the participants referred to ways in which they
would view the video as a first-time learner instead of as a learner themselves. For
example, when asked what he found valuable in the Khan Academy video, Jeff replied,
“He was really explaining why he was doing each step, which is valuable in a sense if |
was learning it for the first time, but since I'm already comfortable with this it's kind of
like a practice problem for me.” In this statement he takes the position of viewing the
video in terms of its value for a first-time learner instead of from his own position as a
learner. Annette also expressed a view of the video as a first-time learner, commenting
that “I guess if you're learning for the first time it's all valuable. For me watching it, I was
like well yeah, cause I've already gone through learning this piece so to me, in general, it
was a great refresher, but it wasn't, did take away anything new from it.” Annette sees
value in the video for students who have not learned this material before, but not for
herself. Participants were hypothesizing about what they might care about as learners

instead of reporting on actual learning gaps. This perspective made it difficult to identify
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sense-making frames and led to coding of participant beliefs instead of frames that
require gaps in learning to be made visible and be identified.

Coding of the data from my six participants revealed cases related to participant
beliefs as shown in Table 2. I determined that these cases did not represent interesting or
new findings in terms of their research value. Findings related to participant beliefs about
mathematics were similar to those identified in prior research. For example, Rebekah and
Tara, Low Level participants, believed that success in mathematics depended on the
teacher. This is similar to beliefs identified by Muis (2004) who found that students
believe that mathematical knowledge comes from an authority figure and not from

themselves, their own logic or reasoning.
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Table 2

Participant Beliefs from Pilot Study

High Prior Knowledge/High MRBQ Score Middle Prior Low Prior Knowledge/Low MRBQ Score
Knowledge/Middle MRBQ
Score
Jeff Kristen Annette Max Rebekah Tara

Being good at math is about
understanding concepts

Confidence in math comes
from practicing.

Being good at math involves
being able to explain the
steps and where they came
from.

Math is about problem-
solving and understanding
features of problems.

Importance of mathematics
relates to school and doing
well in school

Importance of mathematics
relates to school and doing
well in school

Working ahead of the
instructor when solving
problems keeps you engaged
in learning

Even though math is easy
for her, you can also be good
at it through hard work and
practice

Confidence in math can
grow with experience.

Adequate time to is required
to successfully solve math
problems.

Success in math depends on
the teacher

Success in math depends on
the teacher

It is important to know
multiple ways to solve

It is important for videos to
show multiple ways to solve
problems

I have more confidence with
visual representations like
graphing.

A good video is short with a
simple topic and is used to
review what you already
know

Math is not important
because she is not going to
be a math teacher

Math is not important
because she is not going to
be a math teacher

Describes mathematical
concepts using specific
language, often more
specific than the video
instructor

Describes mathematical
concepts using specific
language, often more
specific than the video
instructor

Being confident in math is
about being able to figure
out and correct mistakes.

Confusing to show too many
different types of solutions
in one video

Inclusion of certain concepts
in the video is important
because you might need it
for a test

Inclusion of certain concepts
in the video is important
because you might need it
for a test

Tries to describe
mathematical concepts using
specific language, often
more specific than the video
instructor, but sometimes
does not use math terms
accurately

Confusing to talk about
different ways to solve

Her explanations are not
very sophisticated and lack
mathematical language and
terminology

Fractions are confusing.

50



Following the results of my pilot study, I have determined a need to revise my
methods in order to get a fuller picture of participant framing of the mathematics while
watching instructional videos. The nature of sense-making frames require the learner to
have a gap in understanding in order to necessitate the use of a frame to bridge that gap.
However, the topic of solving systems of equations using elimination may not have
provided enough of a learning gap for the student population used in the pilot study. In
order to gain a fuller picture of the frames students use while watching mathematics
instructional videos, I completed a second study involving more participants and using a

different mathematics topic, completing the square, in the videos used.
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CHAPTER 4
METHODS

During my pilot study, four out of the six participants answered some of my
questions about the mathematics in the videos from their own perspective and then
expressed that this might be different from that of a first-time learner. For example, Jeff
thought the NancyP1 video was “overly thorough,” and then added that, “well for me
since it's not my first time doing that, it's valuable for people to learn it for the first time,
but for me, it's just being overly thorough like we under...like it's just understood that that
happens.” Annette also expressed that “I guess if you're learning for the first time it's all
valuable. For me watching it, | was like well yeah, cause I've already gone through
learning this piece so to me, in general, it was a great refresher, but it wasn't, did take
away anything new from it.” She differentiates between her perspective and that of a
first-time learner and the value that each viewer would receive from watching the video.
While Jeff and Annette were high-level participants, Max, a middle-level participant, also
expressed this perspective, stating that he was not confused when the instructor in the
NancyPi video showed multiple solution types, but that “if [ were like, especially if
were learning this for the first time, [ would prefer if she showed this method in a normal
way instead of a special situation where you get something weird and then after kind of
explaining that there are those special solutions like infinite solutions or no solution.”
Max takes the position of a first-time learner to try to understand confusion that might be
experienced while watching this video. Even Tara, a low-level participant, expressed that,
although she usually views videos to review for tests, “I feel like a lot of people that are

watching the video are trying to learn elimination.” She finds the video to be valuable as

52



a learning tool for others and a review tool for herself. The ways in which these
participants were evaluating the videos and the mathematics presented by them included
the use of a perspective of a first-time learner. These perspectives may have impacted the
ways in which they perceived which parts of the videos and which steps of the

mathematics were value and which were not.

Data Collection

Participants

For this study I recruited participants from multiple sections of the fall semester
of a college algebra course. Students in this course are from a variety of majors and
represent a wide distribution of mathematics skill and knowledge. While students in this
class may have had some experience with the content of solving quadratic equations
during their high school mathematics courses, this topic was most likely to have been
studied years prior to their participation in this study. Moreover, research from the
academic literature suggests that solving quadratic equations by completing the square is
a topic that is often underrepresented in the high school curriculum (Bossé &
Nandakumar, 2005). Additionally, this topic is a requirement for completion of the
course, providing a motivational factor for students to participate in the research study
and for learning the content.

After contacting professors who taught the course, four professors agreed to allow
me to visit their classes. | recruited participants from five sections (one professor taught
two sections of the course) by coming into each class and presenting a short explanation

of my study (see Appendix A for IRB approval for the study). I asked students who were
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interested in participating to complete a consent form along with a two-question survey.
The survey asked them to rate their confidence in mathematics on a 5-point scale from
Extremely Not Confident to Extremely Confident and to select their last grade in a
mathematics course on a scale of A to F. I was able to recruit 38 possible participants
who I then contacted to participate in two 1-hour interview sessions. Participants who
completed both interviews were compensated with a $20 VISA gift card following
completion of the second interview. Of the 38 who consented to participate, one
participant withdrew from the study, 14 participants did not respond to scheduling emails,
and 23 participants completed both interviews. During the first interview participants
were asked to take a short assessment of their mathematics knowledge about quadratic
equations and a mathematics-related beliefs questionnaire (MRBQ). The 23 participants
who successfully completed the study represented a wide range of both prior knowledge
and mathematics related beliefs. The process by which these participants were scored and
placed into the matrix will be discussed in the Data Analysis section of this paper. During
the analysis process participants were assigned pseudonyms to protect their anonymity.

These names will be used throughout the rest of this paper.

Measures

I used a pretest to measure prior knowledge and mathematics related beliefs of my
participants. Because of time constraints during recruitment, [ was not able to conduct
full pretesting prior to selecting participants. Instead I used proxy measurements as
described in the previous section. However, I wanted to be able to more specifically
quantify the prior knowledge and mathematics related beliefs of my participants, so |

administered a pretest and the MRBQ to participants during the first interview session.
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The pretest questions were modified from sample questions from the SAT that
related to quadratic equations and the solutions for quadratic equations. I chose questions
related to quadratic equations and their solutions because completing the square can be
used as a strategy to solve quadratic equations. These questions helped me to determine
how familiar my participants were with quadratic equations and strategies for solving
them. Examples of these questions and my reasoning for their selection are shown in
Figure 2. For example, question 3 from the pretest provides students with the symbolic
representation of a quadratic equation then asks them to select a form of the equation that
is equivalent and shows the x-intercepts of the parabola that is represented by the
equation. I selected this problem because it related to a method of finding the x-intercepts
of the graph of a quadratic equation. I added another part to this question that asked
students to find the specific values of the x-intercepts. Both parts a and b of question 3
can be solved procedurally. I then added another question to address deeper
understanding. This question asked participants to describe how they decided that the
values they found in part b represent the x-intercepts. This question gave me more
information about participant thinking and whether they could justify their answers to
partb.

Another important question added to the pretest was part b of question 2. This
question directly asked participants if they could solve the problem by completing the
square. Although I predicted that participants would solve problem 2 using the quadratic
formula, I was also interested in whether participants specifically knew how to complete
the square. This question became even more important as the timeframe of data collection

overlapped with the instruction in the course of completing the square and allowed me to
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identify participants who had specific prior knowledge of this mathematics solution
strategy.
Figure 2

Examples of Pretest Problems

Pretest Problem Reasoning
3)a. Problem requests the use of a specific
y= x?-6x+8
The equation above represents a parabola in the procedure (faCtOI'll’lg) to fil’ld the answer.

xy-plane. Which of the following equivalent forms of
the equation displays the x-intercepts of the parabola
as constants or coefficients?

One answer is required, and the format of
A) y-8= x*-6x
B) y+1=(x-3)
C) y=x(x-6)+8
D) y=(x-2)x-4)

the answer is given explicitly.

3) b. What are the x- Problem requests the use of a specific
intercepts for this parabola?  procedure to find the answer. One answer

is required and will be considered to be

correct.
3) c. Explain how you Problem asks for an explanation of
decided that these values student thinking and justification of the

represent the x-intercepts for  answer from part b.

this parabola.

The Mathematics-Related Beliefs Questionnaire (MRBQ) was also given to
participants. As in the pilot study, I used the MRBQ designed and tested by De Corte,
(2015) to measure implicit or explicit beliefs held by mathematics students. Although the

MRBQ has been divided into four factors, I selected and used Factor 3 (Beliefs about
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mathematics as a learnable subject) in my study. Because the didactic contract relates to
the implicit and explicit beliefs and expectations that students have as they learn
mathematics, I posited that differences in participant beliefs about mathematics as a
learnable subject could possibly be related to differences in student responsibilities while
learning mathematics through video watching. Scoring of both the pretest and MRBQ as
well as how these scores were used are discussed in the Data Analysis section of this
chapter.

This study used videos about solving quadratic equations via completing the
square. I changed the topic of the videos from solving systems of equations in my pilot
study to completing the square to increase the gap in participant knowledge. Gaps in
learning help to make the implicit expectations of participants explicit according to the
TDS (Brousseau et al., 2014). I predicted that differences in learning gaps related to
difference in participant prior knowledge may impact the ability to make implicit
expectations explicit and to identify participant responsibilities. Additionally, in my pilot
study, the participants seemed to have a high level of prior knowledge of the topic and so
often referred, not to their own confusion when watching the videos, but to the confusion
of a “first-time” viewer. | posited that using a topic that was more challenging to
participants might allow them to report on their own confusion and result in the
disclosure of implicit responsibilities.

In addition to being a challenging topic for students, the academic literature has
identified completing the square as a useful topic that is often overlooked or
underemphasized in the high school mathematics curriculum in the United States

(Vinogradova & Weist, 2007). Even though most real-world quadratics are not
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factorable, most high school textbooks typically focus on teaching factoring as the
primary strategy for solving quadratic equations. Boss¢ and Nandakumar (2005)
emphasize that, “Real-world science and engineering mathematics can rarely be modeled
by the artificial mathematics so commonly seen in texts and schools” (p. 144). They
suggest that students should be learning factoring, but also learn other strategies such as
completing the square. Additionally, completing the square provides more information
about the graph of a quadratic and can be used to make connections between symbolic
and graphic representations (Bossé & Nandakumar, 2005). Moreover, students often
struggle with factoring quadratics with a leading coefficient greater than one. Completing
the square is a strategy that can be used with any quadratic and can save time and effort
that is often used in determining if a quadratic is factorable (Bossé & Nandakumar,
2005). I suggest that using completing the square in my study will provide a valuable
learning opportunity for my student-participants by exposing them to a strategy with
which they may not be familiar. Additionally, participants may experience confusion or
learning gaps that were not seen with the use of solving systems of linear equations by
elimination which will allow me to gain additional information about how they are using
videos to learn and make sense of content.

When instructing students in the strategy of completing the square, a memorized
procedure with a symbolic representation is often used (Vinogradova & Weist, 2007).
Students can be taught the steps in the process of completing the square without
understanding the meaning or reasoning behind the process. Using a tangible model can
help students view mathematics as more than a set of rules or tricks (Vinogradova &

Weist, 2007). Fixed numbers or unknowns represented by physical objects is called
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Geometric Algebra (Allaire & Bradley, 2001). In the case of completing the square, a
geometric solution can be shown that has its origins in Islamic algebra texts from the
ninth century (Allaire & Bradley, 2001). For example, when applying this method to the

quadratic equation x? + 2x = 15, this representation involves beginning with a square of
area x? and adding to it two rectangles of side x and the other side g or 1. The total area

of this shape is equal to x? + 2(1x) or x2? + 2x which is the same as the left side of the
equation. This area is also equal to 15. Figure 3 shows this representation in which the

upper right corner can be filled in with a square with side lengths 1 and area 1.

Figure 3

Screenshot of MindYourDesisions Video

15

X+ 2x
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When we add this value to both sides of the equation we have x? + 2x + 1 =
15+ 1 or x2 + 2x + 1 = 16. Both sides are now perfect squares and can be simplified
and solved as follows:

X’ 4+2x+1=16

(x+1)?% =16
x+1=4
x =3

Geometric solutions such as this one provide visually versus symbolically
oriented representations (Allaire & Bradley, 2001). For this reason I am choosing to use
two videos that provide a symbolic representation of the completing the square strategy
and a third that provides a geometric representation of the completing the square strategy.
I hypothesize that most students will be unfamiliar with the geometric solution strategy
and that this will provide some interesting discussion and results for my study.

Videos for this study have been selected from extant videos about completing the
square. Even though many types of video could have been used, video lecture is still the
most widely available type of video as professors and teachers transfer their in-person
lectures into digital formats (Crook & Schofield, 2017; Hegeman, 2015; Ilioudi et al.,
2013). Additionally, I selected videos using a Google video search of the topic
“completing the square” so that I would access the same variety of video as are available
to students in my study. I selected videos that were on the first three pages of the search
and watched each video, assessing it based on the eight cognitive design principles
discussed in the literature review section of this proposal. I scored each video on a scale

of 0 to 5 for each design principle with 0 meaning that the principle was not seen in the
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video, 1 meaning that the principle was disobeyed in the video, 2 to 4 meaning that the
principle was seen to an increasing degree up to 5 meaning that the principle was obeyed
throughout the video. A chart displaying the ratings for all videos analyzed is included in
Appendix G of this paper. For this study I have selected three videos that differ in both
cognitive design principles and mathematics presentation. The analysis of the three
selected videos is shown in Table 3.

Although the overall score of these videos is similar, the Khan Academy video
and Math Meeting video differ in terms of their adherence to the contiguity principle. The
Khan Academy video shows a black screen on which the instructor writes while he
describes his annotations. The annotations and narrations are synchronized in that the
instructor is writing on the screen as he explains the annotations. This coordination of
narration and graphics is consistent with the contiguity principle.

In contrast to the Khan Academy video, the Math Meeting video shows a white
screen with the steps involved in the process of completing the square listed in green
print on the left side. The instructor then annotates the screen as he verbally describes his
annotations. The fact that the steps are presented prior to explanation and that the
annotations of the instructor often do not align with the pre-printed steps disobeys the
contiguity principle of multimedia learning. The contiguity principle states that people
learn more deeply when printed words and graphics that correspond to each other are
placed close to one another on the screen (Clark & Mayer, 2003). In the Math Meeting
video, the instructor’s annotations align with the steps shown in green for the first two
steps. However, Step 3 takes up too much room on the screen and the printed steps no

longer align visually with the symbolic annotations. Additionally, following Step 3, the
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instructor scrolls down on the screen to continue annotation. This further separates the

steps from their corresponding annotation and again violates the contiguity principle.

Although he describes the process of taking the square root of both sides, the instructor

does not refer to the step explicitly, but rather goes on to the last step of solving for x. At

this point, he again scrolls up on the screen so that the only step that is visible is the last

step. All of the previous steps have moved off of the screen and are not visible, nor is the

original equation. I hypothesize that the differences in design principles between the

Khan Academy video and the Math Meeting video may provide differences in the gaps

that participants experience in making sense of the mathematics and will influence their

eframes.

Table 3

Video Analysis for Selected Videos — Main Study

Video Video link MMP |(CP |MP | RP | CHP | PTP | SP | PP | Other Total
Interesting
Characteristics
Khan - Solving | https://yout | 5 5 5 5 5 3 4 3 35
Equations by u.be/KouD
Completing the | AzYI be
Square
Math Meeting | https://yout | 5 1 5 5 5 3 4 3 31
u.be/6fWS
8Gd3prg
MindYourDeci | https://yout | 5 4 5 5 5 5 4 3 Shows a 36
sions (visual u.be/EBbto geometric
proof for FMIvFc representation
completing the of completing
square) the square

The MindYourDecisions video differs from both of the other videos in that it is

animated. Animated equations and shapes move around on the screen in time with the

narration. Although this video is not what [ would term as mathematically conceptual in a

traditional sense because it does not connect the symbolic representations to the graphic

representation of a parabola, it provides a contrast to the strictly symbolic presentations
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of the other videos. The design of the video adheres to the cognitive design principles in
that the narration is timed to coincide with the movement of the shapes. This allows
viewers to connect the symbolic representation to the geometric representation. The
combination of the shapes with the symbols in near proximity allows viewers to learn
more deeply according to the multimedia principle (Clark & Mayer, 2003). Additionally,
I think a geometric representation may be something that my participants have not seen
before and it may help them to make a visual connection to the symbolic procedures. In
this way, I think it provides some benefit for learning that is different from the other
videos. I hypothesize that the use of this video will provide additional opportunities for
sense-making for my participants.

Figure 4

Screenshot of Khan Academy Video
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In addition to the differences in cognitive design principles, the videos that I have
chosen for this study differ slightly in the order of the algebraic steps involved in
completing the square. While most mathematically sophisticated watchers would
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consider these processes to be algebraically equivalent, the study participants did not and
these slight differences became salient to the findings of the study. For this reason, I will
call these individual order of steps in each video different processes. By this convention I
will say that the three videos selected illustrate three different processes for the method of
completing the square. When a participant makes claims and refers to a specific order for
the steps in a video I will call it the process of completing the square. Additionally I will
refer to the process of completing the square that participants report that their teacher
taught them as the canonical process for completing the square or the canonical process
for short. I will now explain the process each of the videos used to solve by completing
the square.

The Khan Academy video, shown in Figure 4, presents a process using a
symbolic representation for completing the square. While multiple completing the square
videos by Khan Academy are available on YouTube, I selected this video because it
showed a different strategy for completing the square than the Math Meeting video.
Beginning with the example equation x? — 2x — 8 = 0, the instructor shows the general
formula, (x + a)? + b, and explains that this is the goal for completing the square. He
then expands this form of the equation to show x? + 2ax + a? + b, explaining that he is
working backward to show what the expanded form of the final goal looks like. The
instructor next solves for a in the general form by setting the coefficient in the example
equation equal to a in the general form (2a = —2), squaring the value of a and adding
and subtracting this value to the equation. Throughout his process, the instructor explains
that he is trying to match the pattern in the general form of the equation. He concludes his

solution by explaining that, while there are other processes to solve quadratic equations,
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completing the square is “very powerful” because it always works. He expresses that the
quadratic function comes directly from completing the square but does not attempt to
show how this is true.

Figure 5

Screenshot of Math Meeting Video
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Make sure a=1
Bring "c" to the right side

Add (%)2 to both sides
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The Math Meeting video, shown in Figure 5, also has a symbolic representation

of the process for completing the square. However, the order for the steps to this process
are slightly different and the process includes the use of the formula, (3)2. Additionally,

in comparison to the Khan Academy video, this video contains even less explanation
about the reasoning behind the process and instead presents a series of steps to be
followed. In this video, the instructor begins by explaining that completing the square is
not the easiest way to solve this type of problem. He offers factoring or the quadratic

equation as other options but then explains that sometimes in math class a student will be
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asked to solve using completing the square. He then begins with the example 3x2 —

18x — 15 = 0, which is different from the example used in Khan Academy video in that
it has a leading coefficient that is not equal to 1 and could not be easily solved by
factoring. Instead of trying to tie an explanation to the general formula for a perfect
square trinomial, as was done in the Khan Academy video, the instructor simply explains
a step by step procedure for completing the square. The steps for the solution process are
shown as a list on the left side of the screen. The instructor annotates the solution on the
right side of the screen as he completes each step. He begins by dividing each part of the
equation by 3 to make the a value equal to 1. Step 2 involves moving the constant to the
right side of the equation by adding it to both sides. In contrast, the instructor in the Khan
Academy video does not move the constant to the other side until after completing the
square. This difference was noted by participants as something that was different or

confusing to them and will be discussed with more detail in Chapter 5. The next step in
the procedure is to add (g)2 to both sides of the equation. The instructor explains that he

is doing this because it will make it easy to factor later on. The instructor simplifies and
then factors the left side of the equation. He explains that the factors should be the same
or you did something wrong and he rewrites the factors as a squared binomial. The next
step in this solution process is to take the square root of both sides. The instructor notes

that when you have the square root of a constant you must have both a positive and
negative answer. He then adds 3 to both sides of the equation to get £v14 + 3. He

rewrites the equation as x = 3 + v 14 and declares that this is the final answer. This
video does not show the answer as two separate values as is shown in the Khan Academy
video.
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Figure 6

Screenshot of MindYourDecisions Video
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In a similar way to the other videos, the MindY ourDecisions video, shown in
Figure 6, also talks about the fact that there are other solution processes for solving
quadratics and that completing the square is connected to the quadratic formula.
However, the main focus of this video is to provide a geometric proof for the quadratic
formula in the form of completing the square. The instructor begins with an example
equation (x2 + 2x — 15 = 0) and shows how this equation can be reorganized and
modeled using rectangles. Each term of the equation is color coded and the colors match
to the corresponding rectangle in the model. The instructor explains that the goal of
completing the square is to find the value of the missing piece of the rectangle and to add
it to both sides. Because each side of the equation contains a square with equal area, the
value of x on the left side of the equation can be found by setting the side lengths of each

square equal to each other. He also explains that since we are dealing with square roots,
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we can actually have a value for the side length that is a negative number. The instructor
comments that this seems strange in terms of the geometric model but works
mathematically. After completing the model using the specific example, the instructor
repeats the proof using a general form of the equation (ax? + bx + ¢ = 0). I have chosen
to stop the video at this point in order to make the content more similar to the Khan
Academy and Math Meeting videos. During the interview, I stopped the video at the
point where the instructor began to talk about the quadratic formula. Even so, this video
provides a contrast to the other videos as it showed a visual, geometric representation of
completing the square that student may find valuable in comparison to the symbolic

representation of the Khan Academy and Math Meeting videos.

Data Collection

Participants were asked to participate in two one-hour interview sessions. During
the first session, I administered the pretest and the MRBQ. After testing, participants
were asked some general interview questions as follows:

1. How did you like high school math? What was the last high school math

course you took? What’s the highest level math class you have taken?

2. What did you struggle with and what did you find confusing?

3. What does it mean to be good at math? Why?

4. Would you rather watch live math lecture or a math video? Why? What makes

this other one worse?

5. When do you watch math videos?

a. What kinds of situations would lead you to search for a video?
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b. Do you use videos to help with very specific questions, or with more
general topics, or both?
6. What kinds of videos do you look for or prefer?
a. How long do you like them to be?
b. Do you like when there’s lots of explanation, or when they’re just
completing the problems?
c. Are there particular websites you regularly use?
7. What do you find helpful about watching videos?
8. Do you typically watch videos straight through?
9. Ifnot, what do you usually do?
a. Do you pause videos often? If so, when?
b. Do you rewind videos often? If so, when?
10. What do you do when you are confused or don’t understand something in
math? (ask for specific examples)
a. What do you do when you make mistakes in math?

b. Do mistakes help you to learn? How (or why not)?

These questions were meant to allow me to get to know the participant and elaborate on

their mathematics related beliefs and beliefs about video watching.

The second session was mainly devoted to video watching. Participants watched

videos with Khan Academy first, followed by Math Meeting and then

MindY ourDecisions. As in the pilot study, I had participants watch the Khan Academy

video first because this type of video was most familiar to them. I thought this order was

important because participants were most familiar with Khan Academy videos and more
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familiar to less familiar seemed least likely to bias participants’’ evaluation of the videos.
Because of time constraints, participants watched all of the Khan Academy video (6:18),
the Math Meeting video from 0:00 to 6:30 (6:30 total time) and the MindY ourDecisions
video from 0:00 to 5:23 (5:23 total time). These sections of the videos are also the closest
in terms of the mathematics concepts being communicated.

During the video watching, participants were instructed to stop the video when
they saw something that caught their attention/interest or when they were confused.
When participants stopped the video, I noted the timestamp on the video and asked them
the following questions:

1. Why did you stop the video? (Attention/interest or confusion)
a. What caught your attention?
OR
b. What was confusing?
2. What do you want to do now? Why is that your choice?

Participants sometimes rewound and rewatched, took notes, tried a problem,
asked me a question, or continued watching the video. If participants did not pause, I
asked them the following questions:

1. Inoticed that you didn’t pause the video. Do you usually watch videos straight
through?

2. Were there any parts that you thought about pausing or do you feel confident that
you understood everything in the video?

After watching each video, I asked the participants a series of questions that

included the following:
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1. What did you notice about the video?

2. What did you think was important to take away? Why?

3. What in the video did you notice, but not find valuable? Why?

4. What would you say is the main point of completing the square?

5. What does it mean to complete the square?

6. How do you find the number to add or subtract from the equation?

7. How did you choose that number?

8. How did you know how to rewrite the equation with an x plus something in
parentheses?

9. Why do you have to take the square root of both sides?

10. Why do you need to use both the positive and the negative value of the square
root?

11. Why are there 2 answers to this problem?

12. What do the answers to this problem represent?

Following the interview, participants were given a problem similar to those in the
videos (8x? + 16x — 42 = 0) and were asked to solve the problem to the best of their
ability. Participants were also given the option of reviewing one of the videos. If the
participant chose to review a video, I noted which video was selected. Following the
completion of the problem, I asked the participant to explain their reasoning for choosing

that video.

Data Analysis

Prior to analysis of the interview data, I analyzed the pretest data that included the

pre-test about solving quadratic equations and the MRBQ data. I scored the prior
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knowledge quiz for correctness and totaled the scores for each participant. I created a
scoring rubric for explanations based on expected answers for each explanation.
Questions 1, 3, and 4 had two parts, part a that could be answered using a more
procedural strategy and part b that was attempting to ask for more explanation of thinking
and reasoning. I scored part a as 1 for correct and 0 for incorrect and part b as 2 for an
answer that showed deeper thinking, 1 for an answer that described the procedure and 0
for an incorrect or no explanation. For example, question 15 asked “What does it mean to
be a solution to a quadratic equation?” I scored the participant response, “where a graph’s
intercepts the x-axis, essentially the x-intercept,” as 2 because the participant seemed to
recognize that the answer represented a value on a graph of the quadratic function. |
scored the participant response, “It means that at least one of the solutions would make
the equations true,” as 1 because the participant was only explaining the answer in terms
of the symbolic function and did not make a connection to other representations. I scored
the participant response, “I know that quad=4, also (shows the quadratic formula),” as 0
because the answer did not make sense in terms of the question. After scoring the quizzes
for both correctness and explanations, I reviewed the scores and sorted them from least
(3) to greatest (14). Two participants had especially low scores (3) in both correctness
and explanations. The rest of the participants could be sorted into categories according to
their overall scores as Low (7 to 10), Middle (11) and High (12 to 14) for prior
knowledge. While the cut scores for Middle level participants differ only by one point
from the Low or High levels, I decided to create this category because there were so
many participants, 6 out of 23 total, who scored 11 on the pretest and I felt that they

required a unique category. Moreover, the overall prior knowledge level did not end up
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being a determining factor for most of my results. Additionally, I noted that some
participants in each of these groups had prior knowledge of completing the square, as
evidenced by their ability to solve one of the problems using this strategy. I sorted the
participants again by their prior knowledge of completing the square.

I also sorted participants based on their scores on Factor 3 (Beliefs about
mathematics as a learnable subject) of the MRBQ. Due to the meaning of the prompts as
they relate to beliefs about mathematics as a learnable subject, numbers 16, 27, 34, 36
and 39 were scored from Strongly Agree (2) to Strongly Disagree (-2) and numbers 29,
30 and 35 were scored from Strongly Agree (-2) to Strongly Disagree (2) and then scores
were added to give a total score for mathematics-related beliefs. I divided participants
into Low (-3 to 1), Middle (4 to 7) and High (8 to 10) according to these scores. I then
combined these scores with the scores for prior knowledge and placed participants into a
matrix based on both their prior knowledge scores and their MRBQ scores. Each
quadrant of the matrix contained at least one participant except for two quadrants, High
prior knowledge and Low MRBQ score and Very Low prior knowledge and High MRBQ

score as shown in Table 4.
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Table 4
Participant Matrix for Main Study
Prior Knowledge

High Middle Low Very Low
Naomi® Mark®™  Marilyn®

Sonia”* Simon  Teri”
Connor”  Ben Ivy
High Kim"

g Donna® Dustin  Andre®  Anne’
& | Middle | Carrie®  Octavia Lucy”
= Ophelia Duane

Elena  Kristen® Jacquelyn

Low Gail”

*Participants who had prior knowledge of completing the square

From this point forward, I will refer to participants by their prior knowledge level
and their MRBQ level. For example, Andre scored in the Low level for prior knowledge
and the Middle level for MRBQ score. Andre will be referred to as a Low, Middle
participant. I am using this shorthand to identify participants because my research
questions relate to the responsibilities held by participants of different levels of prior
knowledge and MRBQ score.

For analysis of the data, I audio recorded all interviews with participants and
transcribed the recordings. I coded data for this study beginning with known
responsibilities identified by Brousseau et al. (2014) and adding codes I identified
through thematic analysis. Specifically, I have added codes related to responsibilities
participants attach to themselves and to the video or instructor in the video. For example,
one participant reported, “Usually I'll watch one or a few before a test or a quiz,
depending on the material that we learned. If I understood it, if I'm having trouble
understanding it, if [ want extra practice problems or something like that, I'll watch a

video,” and I coded this statement as a responsibility to watch videos when reviewing for
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a test or quiz. Multiple participants reported that they often watched videos when
studying or reviewing for a test or quiz. If at any time I found inconsistent evidence
between participant claims I rejected the original hypothesis about that participant’s
responsibility and only kept hypotheses that were supported consistently. I continued to
read the data to code for responsibilities and rewrite my hypotheses until all codes were
exhausted. In the end I had a complete list of responsibilities held by the participants in
my study.

After identifying the responsibilities held for participants I reread the interview
transcripts looking for patterns in the data, especially related to different levels of prior
knowledge and MRBQ score. | was especially looking at responsibilities participants held
as they were watching each video and how these responsibilities different between the
videos. Patterns within a particular video among participants with different prior
knowledge and MRBQ level would help me to answer my first research question, while
patterns between different videos would help me to answer my second research question.
After identifying these patterns, I was able to make claims that were supported by my

data. These claims and the supporting data will be discussed in Chapter 5.
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CHAPTER 5
RESULTS

In this chapter I will identify and support claims about how participants in this
study interpreted the instructional videos about completing the square. Before introducing
these themes I will provide an overview of my findings. I will then advance my claims,
provide data to substantiate them and explain how I interpreted this data and its
connection to my claims.

After completing the coding and reading of my data, I identified a theme that
occurred multiple times throughout the data. Participants seemed to be looking for a
reproducible process for solving the problem. For those that had prior knowledge of
completing the square, this process was the specific steps given to them by their teacher
or professor that I will call “the canonical process” (Buchbinder, Chazan, & Capozzoli,
2019). In the case of this study, the canonical process was shown by the Math Meeting
video. When participants were shown a different set of steps or the same steps in a
slightly different order, they identified this process as confusing and often defaulted to
the process that was originally given by their teacher. This pattern held for participants of
all levels of prior knowledge and MRBQ level. However, participants without prior
knowledge of the canonical process for completing the square did not express that they
were looking for a particular process for completing the square and instead attempted to
make sense of the set of steps presented in each video.

Participants with some prior knowledge of completing the square also attempted
to use the process described in the video. However, when stuck or unsure, these

participants returned to the canonical process, often identifying this set of steps as one
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they were taught or knew previously and the other process as “confusing.” Participants
seemed to have a didactic contract with their classroom teacher in which the teacher was
responsible for organizing mathematical truth in a standard way (Brousseau et al., 2014).
Participants, as students in the face-to-face classroom, seemed to be responsible for
reproducing this canonical process for completing the square when problem solving. This
contract was broken, and subsequently made explicit, when one of the video instructors
showed a different process for completing the square, causing the participant to express
confusion and to default to the canonical process, the set of specific steps originally given
to them by their teacher. If the participant was not taught the canonical process (i.e. had
no prior knowledge of completing the square), they did not experience the didactic
contract for this particular topic and so did not express the same level of confusion
related to seeing a different process for completing the square. Additionally, the
responsibility to use the canonical process seemed to be interfered with when participants
watched the video that showed a visual representation for completing the square.
Participants expressed a responsibility to use a symbolic representation, most often the
canonical process. Some participants felt so strongly about this responsibility that they
expressed a desire to not watch the video at all. In the following sections, I will explain
how I came to these claims and how they are supported by the data.

Claim 1: Participants at all levels of PK and MRBQ acknowledged multiple strategies
for solving quadratic functions including factoring and using the quadratic formula.

During our interviews, participants expressed that there were multiple ways to
solve problems. Naomi (High, High) expressed the importance of multiple ways to solve
math problems, noting that, “So, even if you don't know one way, you could always find
another way, and I think that that has to do with that application of what you know.” She
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was explaining that she valued multiple solutions as evidence of being good at math.
Connor (High, High), Donna (High, Middle), and Dustin (Middle, Middle) were
examples of participants who expressed that there are multiple ways to solve quadratic
equations and that they value different strategies. Connor noted that completing the
square represented, “Just other ways to figure out what x could be or whatever you're
thinking. They mentioned factoring, but at the end they mentioned how factoring, even
though you can factor anything, some things are harder to do, but completing the square
you can do for anything.” He expresses that the multiple strategies for solving quadratic
formulas, including factoring, are important for students to understand because there are
certain problem solving situations that would be easier to solve using a different strategy.
Donna emphasized the importance of using different strategies when I asked her what
was important to take away from the Khan video and she stated, “That there's different
ways to solve for that instead of just using, like he said at the end that you could have just
tried to use the quadratic formula or tried to factor it, and that there's multiple ways to
solve a problem.” Like Connor, Donna sees the importance of different strategies for
solving quadratic functions. Dustin built on Connor and Donna’s ideas by adding that
different strategies can be useful for different mathematical situations. When asked what
was important to take away from the Khan video, he stated, “That you need to complete
the square sometimes. Even though it might not be the only thing to do, it's useful in
certain situations.” When I asked him what kinds of situations completing the square
might be useful in, he explained that, “Well, my first instinct would just to be to factor
that equation, but he said sometimes you need to complete the square for the quadratic

formula or whatever. So, sometimes you can't just do the simplest thing. You've got to do
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something more complicated to get what you want.” I interpreted Dustin’s comment to
express that he valued different solution strategies for solving quadratic functions
because they were useful in different problem solving situations. Each of these
participants acknowledged different ways to solve quadratic functions including factoring
and using the quadratic formula. Additionally, they expressed that these strategies are
valuable to solve quadratic functions.

In making this claim, I must differentiate between participants’ value for multiple
ways to solve quadratic equations (factoring, quadratic formula and completing the
square) and their value for multiple processes to approach completing the square. While
participants express the existence of multiple strategies for finding the zeros or roots of a
quadratic function, they do not value seeing multiple ways to show completing the
square. Participants who already had prior knowledge of completing the square
acknowledged different strategies to solve quadratic functions, but also expressed a
responsibility to use the process for completing the square that they had learned from
their teacher. Participants seemed to differentiate between the different solution strategies
for solving quadratics which they valued and the use of sets of steps for completing the
square in different orders or using different representations which they did not value.
Claim 2: Participants of all levels of prior knowledge and MRBQ level who had some
prior knowledge of completing the square express a responsibility to use the process in
which they were instructed by their teacher/professor (the canonical process) when
shown how to complete the square using a different set of steps.

During the video watching sessions when participants watched the Khan
Academy video showing a slightly different process of completing the square,
participants often commented that this process was not what their teacher had taught
them. Sonia (High, High), Gail (Low, Low), Anne (Very Low, Middle), and Kim (Low,
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High) were all participants who had prior knowledge of completing the square and they
each expressed that the process for completing the square shown in the Khan Academy
video was different than the way in which they were instructed by their teacher. For
example, when asked how to find the number to add and subtract to the equation, Sonia
explains that “My teacher taught me to do b over two squared and so that's what I did. I
just divided the b constant by two and squared it.” Even though the video had just
showed a similar algorithm, Sonia was unable to identify it as the same set of steps but in

a slightly different form. She seemed to be looking for the superficial similarities of the
use of (g)2 and when the video showed this strategy without these superficial markings,

she was unable to identify the similarities, instead rejecting the process in favor of the
one taught by her teacher. Similarly, throughout her explanation of the process of
completing the square, Gail defaulted to her teacher’s process, even though she had just
watched a slightly different process in the Khan video. She explained as follows:

Gail : Yeah. I would've taken the 2X divided it in half and then squared it and
then added it to both sides.

Interviewer: Okay, okay, that's fine. And then how did you choose that number?
Gail : I was just taught how to do that.

Interviewer: That's fine. Okay, and then how do you know how to rewrite the
equation as X minus something in parentheses down there?

Gail: I guess I just know it from learning it.

Interviewer: Okay, that's fine. Okay, and then why do you have to take the square
root of both sides?

Gail: Because there can be two solutions for X, because the original equation is X
squared... Because that's just how I was taught it.

Although I was asking questions related to what she had just seen in an instructional
video, Gail responded with the set of steps with which she was familiar, the canonical

process. She even added that this was the way in which she was taught to complete the

square by her teacher. Even though Gail expressed previously that she valued multiple
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ways to solve a problem, stating that “I think it was important that there are other things
out there where you can learn how to do certain math problems, other than what your
teacher teaches you,” she does not value seeing or using a process that is different from
the canonical process for completing the square. Gail seems to differentiate between
seeing different ways to find the zeros or roots of a quadratic function, something she
values, and seeing different processes for the same strategy like completing the square.

After watching the Khan video, Anne expressed that she used the process taught
by her teacher to solve the problem, saying “So, I wasn't quite following that one part.
But, I did it the way that I learned it, and that's how I got it.” I understood Anne’s
explanation to mean that when she got stuck or was not sure of the process for
completing the square shown in the video, she defaulted to the use of the process she had
learned from her teacher in class. In a similar way, Kim used the process she had been
taught. When asked to describe the solution process shown in the Khan video, she
explained,

Kim: I thought you divide by two and square it, negative two divided by two is

negative one. Negative one squared is positive one. Add one to both sides ... so I

don't know what ... what was the question?

Interviewer: So how did he find that number to add and subtract?

Kim: Well, I'm going to go off of what I know, he divided by two and then

squared it.
Even though I had asked Kim to explain how the problem had been solved in the video,
she replied by using the canonical process that she had been taught to use by her
classroom teacher.

These participants seem to have a responsibility to use the process for completing
the square given to them by their classroom teacher. This responsibility only becomes

explicit when they are shown a different process and they get stuck or are unsure of how
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to explain the procedure used in the video. When they are shown a different process for
completing the square that uses different steps or steps in a slightly different order than
those taught by their teacher, they refer back, and compare it, to the process that they
already know. I interpreted this as the participant’s responsibility to use the teacher’s
process even when they were shown a video with a different process.

Claim 2a: When participants with prior knowledge of completing the square saw a video
showing the canonical process, they acknowledged it as the way they knew and/or used it
to explain the problem.

In contrast to the previous claim, participants with prior knowledge of completing
the square often commented that the process shown in the Math Meeting video was the
way that they knew how to solve or that this was the way their teacher had taught them.
Kristen (Low, Low), Anne (Very Low, Middle) and Mark (Middle, High) each expressed
their recognition of the strategy shown in the Math Meeting video as that of their teacher.
Kristen explained that,

Kristen: Yeah, we're actually learning this in class right now, so I kind of

understand it more... He solved it this way, the way that we're learning in class,

how you find out a, b, and c, then you have to divide by a and then multiply by b

over two.

Interviewer: So this looked more familiar to you than the other video did?

Kristen: Yes, way more... I don't really know cause we're doing this in class right

now. I don't know. guess the whole thing, just the way you solved it... That's just

what you're supposed to use.

Not only did she identify this strategy as familiar to her, but she also added that it
was the one “you’re supposed to use,” adding a moral imperative to the use of this
process. Anne identified a specific part of the problem as one she had learned before,
stating, “But again, I was just taught to take the square root of @ and then the sign of b
and then the square root of ¢.” The process she described was not the one shown in the

video but represented the procedure she was taught previously. Mark reported his
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reasoning for fast forwarding while watching the Math Meeting video by stating that he
had identified the process as “what I learned.” He went on to explain that,

I knew this guy was doing it the same way that [ was taught to do it. [ was like,
okay, I'm going to try by myself and get as far as I can. This guy was really far
behind. I think I had the right answer. It seemed like when I looked at my work
and what he was doing and we have the same thing. I just wanted to fast forward
and get to the end and see if | was correct and that's why I fast forward.

Mark had completed the problem using the canonical process and felt confident with his
answer, so he did not need to watch the entire instruction but rather skipped forward to
check his answer. All of these participants expressed that the set of steps shown in the
Math Meeting video was the process for solving completing the square that they had
learned in class, i.e. the canonical process. They then used this set of steps to explain how
to solve the problem.
Claim 2b: Participants of all levels of prior knowledge and MRBQ level who had some
prior knowledge of completing the square found the different procedure to be
“confusing.”

When participants who had prior knowledge of the canonical process for
completing the square watched the Khan Academy video that showed a slightly different
process, they expressed that the process shown was “confusing.” Mark was able to
identify the specific difference in the steps that caused him confusion, stating,

Mark: Yeah. So, I'm used to the way my professor teaches. That's why I was

confused about this whole thing... Well, it was a lot different from the way I

learn. That's why I was having a hard time.

Interviewer: Okay. It was different from what your professor showed you?

Mark: Yeah.

Interviewer: What parts of it were different?

Mark: The part where he did this part where he didn't add the eight to the other

side. What I was taught was to move the eight, or the constant without a variable,

to the right side and solve from there. But this guy didn't do it. That's the reason

why I had to go back and watch this whole part. I had absolutely no idea what he
was talking about.
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Mark expressed confusion with the order in which the process of completing the square
was shown in the Khan Academy video. His process moved the constant to the right side
of the equals sign prior to any other algebraic manipulations whereas that instructor in the
Khan video did not move the constant until much later in the procedure.

Donna (High, Middle) expressed that she thought about pausing while watching
the Khan Academy video, “because the way they did it is not the way that I learned it. So
I thought it was a little bit confusing for the way they taught it. I just think they made it
more complicated than it should be. But since I already know how to do it a different
way, | just moved on instead of pausing.” Even though she felt confused by the process
used in the Khan video, Donna did not pause because she already had some familiarity
with the canonical process for completing the square.

Lucy expressed that the procedure used in the Khan video “contradicted” what
she was taught previously. She explained that, “It was a little different than what we just
did in class a month ago. And so it contradicted what I already knew. So I just went along
with it and tried to make the connections from what I already knew and not get
confused.” In the process of watching the video, Lucy felt that the process shown in the
video was opposed to the process she had learned in class, making her concerned about
possible confusion. Anne expressed this feel in a similar way, stating “So, that's where I
was kind of lost because we learned it differently in class.” At this point in the interview
she was trying to identify how to find the number to add and subtract to the equation to
complete the square. She went on to say that, “So, I wasn't quite following that one part.
But, I did it the way that I learned it, and that's how I got it.” When she got “lost” in the

process explained in the video, Anne seemed to default again to the canonical process.
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Sofia also defaulted to using the canonical process to explain completing the
square. She summarized what she was experiencing as she watched the Khan video by
stating that,

If I already know something or they're doing it in a method like my teacher didn't

teach me, because they do it the way like I wasn't taught, so I didn't want to

confuse myself. [ was like let me just see if I can get the same answer doing what

I already know how to do, right, rather than mess with it. Because sometimes if

you watch another way of doing it, it's more confusing than... because when

you're doing steps in your head you mix them up or something? So you just try to

see if you can get the same answer that they did and I can, so I know how to do it.
Sonia seemed to be trying to avoid confusion by doing the process with which she was
already familiar and not attempting the new process shown in the video. She seems to be
convinced that she “know[s] how to do it” because she can use the process and does not
have a responsibility to learn a process that is different from the one she was taught by
her teacher. Sonia’s perspective, as well as the perspectives of Mark, Donna, Lucy and
Anne, supports the claim that participants with prior knowledge of one process of
completing the square did not hold a responsibility to use a different process other than
the one they were taught by their teacher or professor.
Claim 3: For participants with Middle, Low or Very Low levels of prior knowledge, the
visual representation interfered with participant responsibility to reproduce a symbolic
procedure for completing the square, including the canonical process.

When watching the MindY ourDecisions video, participants with Middle, Low or
Very Low levels of prior knowledge expressed confusion related to the visual
representations in the video. Additionally, some of these participants expressed that the
visual representation interfered with their ability to perform the computations related to

the process of completing the square that they already knew. Lucy was one of these

participants, and she reported that “The geometric reference [was confusing]. I get where
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the completing the square comes from, but if I didn't know what completing the square
was, and what the formula was for it, it would just be so confusing. Because there's
squares now in the quadratic equations, which is unnecessary.” Lucy seemed to be saying
that she could describe how to complete the square because she had already watched the
previous videos that contained symbolic representations, what she calls “the formula.”
However, she identified the visuals as distracting her from being able to complete the
step-by-step process.

Marilyn also identified the visuals as distracting her from focusing on the
symbolic representation, stating “I mean, just for me personally, because he does explain
how to find it just mathematically, but yeah, the introduction of the actual square, which
was probably meant to make it easier, just made it like a little bit more confusing for me.”
She noted that the “mathematical” or symbolic representation was included in the video
but that the addition of the visual representations, what Marilyn called “the actual
square,” seemed to draw her attention and added a level of complexity to the video
explanation.

In a similar way, Duane expressed his distraction, stating that “He showed it with
a bunch of squares and rectangles, which got confusing and he didn't specifically say, or
at least I don't remember him specifically saying, ‘Hey, you take the half of » and then

omn

square it.”" Duane referred to his responsibility to use the canonical process for
completing the square and that the inclusion of the visual representation did not clarify

his understanding but rather distracted him from his preferred procedure. These

participants supported the idea that they have a responsibility to complete the square
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using a symbolic representation and that the visual representation distracted them from
following this process.

Claim 3a: Some participants felt such a strong responsibility to the symbolic
representation that they expressed that they would not watch this video if they found it on
their own.

While some participants were distracted and confused by the visual
representations of completing the square shown in the MindY ourDecisions video, three
participants expressed such a strong responsibility to the symbolic representation that
they expressed that they would not watch this video if they found it on their own. Simon
(Middle, High) chose to fast forward through most of the MindY ourDecisions video.
When I asked Simon what he thought was important to take away from the video. He
replied, “So not much. It's just so, it's just memorizing the formula for this one,” which I
interpreted to be a statement of Simon’s commitment to the symbolic representation.
During our discussion, Simon seemed to understand the visual representation. When I
asked him how the instructor in the video knew to rewrite the equation with x plus
something in parentheses, he used the visual representation to explain, saying, “So he
probably used the shape and then there's X plus one and X plus one because when he had
2X that he split into two spots and had a plus one.” Simon was explaining how the
instructor in the MindY ourDecisions video showed a square with a side length of x and a
rectangle with side length of 1 and that these side lengths could be represented as x+1 and
x+1. Even though Simon was able to describe the visual representation, he did not feel
responsible to watch the video but rather fast forwarded through most of it.

Kim (Low, High) was another participant who explained that she would not

choose to watch the MindY ourDecisions video on her own, stating, “I would exit it right
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out.” She went on to describe her reasoning, noting that “I'm a visual learner, but that was
just weird. No one's doing that and that's not how we're supposed to do it. That's not how
we're taught to do it, so why? He was just trying to explain it. Okay, you can explain
things to a certain extent. I want to know why you did it, but I don't need to know the real
life application or anything ...” Kim did not seem to value the visual representation and
her comment of “No one’s doing that and that’s not how we’re supposed to do it,”
especially reflected her responsibility to both the symbolic representation and the process
that she was taught by her teacher.

Kristen (Low, Low) also expressed the responsibility to her teacher’s process and
a desire not to watch the MindY ourDecisions video. She paused while watching the video
to ask, “Oh, so is this an actual method that I would have to learn?”” When I assured her
that this was a valid method for completing the square she commented, “Cause I probably
wouldn't watch this if I didn't have to learn this.” I asked her to clarify and she replied as
follows,

Kristen: Yeah, like I wouldn't launch it if I didn't have to learn the visual

method...Not at all, because that's just way more confusing.

Interviewer: Why is it confusing? Why do you think it's confusing?

Kristen: Because he just put shapes and then added shapes out of nowhere. I don't

know where they came from and then he would add them to those. It was just

really weird. And then he split the one in half and then added it to that one. It was

just really confusing.
In a similar way to Kim, Kristen reported that she would not watch this video if she was
not assigned it in a class. She also identified the shapes or visual representation as the
reason she did not feel responsible to watch this video. Later on in our interview, when

asked what she found important to take away from the video, Kristen again reiterated

that, “I probably would not watch this video.” Simon, Kristen and Kim seem to have such
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a strong responsibility to the symbolic, step-by-step process taught to them by their
teacher that they would not choose to watch the MindYourDecisions video with its visual

representation for completing the square.

A Student Heuristic for Video Selection and Use

After putting forth the previous claims, I was led to use these claims along with
additional findings to develop a heuristic that describes the process that students may use
to select and use mathematics instructional videos. In this section, I will describe this
heuristic and provide supporting data for each item in the process. While this heuristic
may differ based on mathematical sophistication of the topic and the learner, the ideas
described here can be applied to students at a similar mathematics level as the
participants in this study. Additional implications of this heuristic will be discussed in

Chapter 6.

Students tend to look for Khan Academy videos.

Participants in this study were asked what kinds of videos they look for or prefer
when looking for a mathematics instructional video. Of the twenty-three participants,
sixteen mentioned Khan Academy videos as a video they use. Carrie’s (High, Middle)
response was representative of participant ideas about their use of Khan Academy videos.
She reported that, “I usually go to Khan Academy because like it has good reviews and
I've used it for other classes where they suggest it. So I know that I'll be able to go
through and I'm able to understand how he teaches, specifically. So I'm able to go
through each step by step, which is nice.” Carrie reflected ideas expressed by other

participants that Khan Academy videos are well respected in that they are thought of in
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positive ways by other viewers and teachers. Additionally, she notes that she likes the
step by step explanations shown in the videos.

Even though they identified Khan Academy videos as their preference when
searching for mathematics videos, three participants, Sonia (High, High), Mark (Middle,
Middle), and Andre (Low, Middle) expressed dissatisfaction with the particular Khan
Academy video used in this study. Before watching videos, all three participants
expressed that Khan Academy was their preferred source for mathematics instructional
videos. Sonia stated simply, “Khan Academy is a good one.” Mark identified Khan
Academy as one among many options from math videos, noting that “It depends on what
kind of thing it is. But I usually like videos because there's Khan Academy and there's
also on YouTube there's like thousands of different math videos.” Andre spoke about his
use of Khan Academy videos during part of his regular study routine. He reported that
“After class. Almost always. I'll go to class; we learn something and then I'll watch a
video after class on Khan Academy and then take notes from that and then I'll do the
homework.” While Andre seems to choose only Khan Academy, each of these
participants identified this video creator as part of their regular video watching repertoire.

Although these participants expressed a desire to search for and use Khan
Academy videos, they did not value the Khan Academy video used in this study. Both
Sonia and Mark, compared the Khan Academy video to the Math Meeting video that
showed the canonical process and expressed that they preferred the Math Meeting video
because it was showing the process that their teacher taught them. Sonia stated,

I think the different method, like the method that I used, because I guess if most

people turn to Khan Academy very quickly, which was the other video, and that

method, it's not complicated, it's just a little bit too complicated for what you're

doing, like mathematically, you know what I'm saying? I feel like math teachers
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are always like, "Here are some tips and tricks," you know, like shortcuts and all

this type of stuff, because they want their kids to get the right answer and do it in

a way that's not infuriating. Like no frustration. So I think the Khan Academy

manner was not as... It just wasn't... It could be accident prone honestly. And this

one is much less accident prone. And so that was definitely a good takeaway, that

you can do it a different way.
Sonia seems hesitant to criticize the Khan Academy video but does not find it to be as
helpful as the Math Meeting video that shows the process she used to solve the problem.
Mark also saw an advantage to watching a video that shows the same process as his
teacher instead of the Khan Academy video. He stated, “I don't know how effective the
way this method is, I guess. The other one, the Khan Academy one, I didn't really
understand. I guess it's sort of curious how my confidence in the way I learned it is the
same way [ did it. It sort of shows the way I learned is perfectly fine. This video is like
also really helpful in what I do.” Mark and Sonia seemed to be supporting the idea that
participants had a responsibility to use the canonical process for completing the square, as
well as expressing their disappointment in the Khan Academy video, which each of them
had previously identified as their preferred video provider.

Andre expressed a different perspective on the Khan Academy video. His idea
related to the way the video presented the mathematics but did not compare the procedure
used to the canonical process. After watching the Khan Academy video, Andre
commented that “It wasn't as in depth as what I imagined Khan Academy videos
normally are. It was very just... there it is and you're done. So, normally I think they more
in depth than this.” He seemed disappointed in the lack of explanation that he is used to
from this video creator.

Even though Sonia, Mark and Andre expressed disapproval of the Khan Academy

video used in this study, they, along with most of the other participants, identified Khan
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Academy as their preferred mathematics video source. I suggest the use of Khan

Academy to be a part of the student heuristic for video selection.

Students look for a video that will show the steps of the procedure.

When talking about what they noticed after watching both the Khan Academy and
Math Meeting videos, participants identified that they appreciated the step-by-step
explanations of procedure. Participants seemed to value these steps as necessary for
understanding and success in solving problems using completing the square.

After watching the Khan Academy video, eight participants mentioned the use of
a step-by-step procedure. For example, Ivy (Low, High) stated that “I mean honestly, I
think the notes are really ... I think they're pretty step-by-step. They make it easier to
understand...” She expressed that the use of step-by-step explanations were helpful in
allowing her to better understand the procedures. Likewise, Elena (Middle, Low)
answered, “Just the formula I guess, and the way he did it, and just go step by step.” Here
Elena was answering a question about what was important to take away from the video
and she identified the steps of the procedure as valuable to her. Octavia (Middle Middle)
also noted the importance of the steps in helping her understand the procedure. She said
that “I think he went through all the steps, even if they were super simple, but I think that
that's always necessary for students to understand.” Ivy, Elena and Octavia represent
participants who valued the use of a step-by-step procedure in the Khan Academy video
and who found it valuable to help them understand the process.

After the Math Meeting video, seventeen participants noted the steps used in the
explanation of completing the square. For example, Gail (Low, Low) reported that “I

noticed that he wrote all the steps out on the side and then next to each step he did the
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problem of what you have to do for that step.” She identified the steps for the procedure
that were displayed on the left side of the screen throughout the Math Meeting video.
Lucy (Low, Middle) also noticed the steps and adds that she found these steps useful
enough to note them for herself while watching the video. She stated that “I noticed that
he displayed the steps really obviously. And I wrote down the different steps. And he
didn't explain it too much. It was really easy to follow.” Octavia and Elena who had
previously pointed to the steps shown in the Khan Academy video, also identified the
steps shown in the Math Meeting video as important. When asked what stuck out to her,
Elena replied, “I think he did it very clean, just step-by-step.” Octavia elaborated on this
idea saying, “Yeah, for the most part. Yeah. [ mean, because I guess for me, [ would have
been watching it if [ needed help with my homework to get the steps, not actually the
actual problem, I guess. Since I'm not doing the problem, once I had the steps, I felt
pretty confident that I understood the video.” Octavia acknowledged the steps as
important for her to not only solve the problem in the video, but also to be successful in
completing other problems such as those in her homework. These participants
represented responses that were given by the seventeen who noticed the steps for
completing the square given in the Math Meeting video. More they pointed to the desire
of students to find a video that shows the steps to the procedure they are trying to learn

when looking for a video

Students look for a video that shows the procedure that their teacher uses (canonical
process).

As previously discussed students claimed to have a responsibility to use the set of

steps that their teacher taught them. Because of this responsibility, they did not value
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videos that showed a different process for solving completing the square. Instead they
found these videos to be confusing and some participants even expressed that they would
not watch them if they were looking for a video on their own. This led me to suggest that
students would look for a video that shows the canonical process. I suggest that this
might be true for other content. However, more research is needed to see if this part of

the heuristic would hold for different procedures and mathematics levels.

Students look for a video that shows a symbolic representation rather than a visual.

As discussed in a previous section of this paper, participants had a responsibility
to use the symbolic representation for completing the square. This sometimes meant that
the visual representation interfered with this responsibility and sometimes even led them
to express a desire to not watch a video with visual representations, even if the visuals
were attempting to explain or justify the steps in the procedure. This led me to suggest
that students would look for a video that showed the symbolic representation rather than a
one that used visual representations. The implications for this part of the heuristic are

important and will be discussed further in Chapter 6.

Students may interact with the video while watching by fast forwarding, rewinding
or pausing the video in order to better understand the material being
communicated.

During video watching, participants were encouraged to watch the videos in a
similar way to what they would do normally, including fast forwarding, rewinding and
pausing while watching. These findings are summarized in Table 5. Several participants

chose to interact with the videos in this way and were asked to explain their thinking and
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reason for choosing this interaction. I will discuss each interaction and the overall
reasoning given by each participant.

Table 5

Summary Table of Participant Interactions with Videos

Video Fast Forward | Rewind Pause No Interaction
Khan Academy 2 (Andre, 2 (Andre, |6 (Andre, Anne
Sonia) Mark) Ben, Carrie, Connor
Jacquelyn, Donna
Kristen and Dustin
Sonia) Gail
Ivy
- ; - Lucy
Math Meeting 3 (Mark, Kim, | 1 (Andre) |2 (Kr1§ten and Octavia
Sonia) Naomi) Ophelia
MindYourDecisions | 2 (Simon, 3 (Elena, |4 (Andre,
Sonia) Mark, Duane,
Naomi) Marilyn, and
Teri)
Total 7 6 12 9

Participants fast forwarded or skipped through parts of the video seven different
times. These included two skips during the Khan Academy video (Andre and Sonia),
three skips during the Math Meeting video (Mark, Kim, and Sonia) and two skips during
the MindY ourDecisions video (Simon and Sonia). Additionally one participant, Sonia
(High, High) chose to fast forward through parts of each video. These participants
expressed similar reasoning for skipping parts of the video that all referred to the idea
that they already knew or understood the content of the video. For example, Andre
commented that “So I fast forwarded because I knew that part,” while watching the Khan
Academy video. While watching the Math Meeting video, Kim explained “Because |

basically understood how to do it then. So I found the answer and I was trying to see,
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instead of just waiting there sitting, I'm going to see if he got the same answer because
that means I did those steps in between right. I didn't need to see that part.” She added on
to the idea that she understood the video by including that she had already successfully
completed the problem and just needed to check her answer. Unfortunately, I did not ask
Kim what she would have done if she had gotten the answer to the problem wrong. This
will be discussed further in the Limitations and Additional Questions section of Chapter
6. Sonia explained her choice to fast forward during the MindYourDecisions video in a
similar way, stating “I mean, I just knew where they were going. Like I think they got to
the meat of the thing and so I was like, ‘Oh okay, I understand exactly what you're
saying.”" She seemed to be saying that she understood what was being shown in the
video and did not find it useful to watch certain parts, so she skipped those parts and
moved on. The perspective expressed by students that they understand the video and so
choose to fast forward or skip parts of the video has important implications that will be
discussed in Chapter 6.

In addition to fast forwarding, some participants chose to rewind during parts of
the video six different times, including two during the Khan Academy video (Andre and
Mark), one during the Math Meeting video (Andre), and three during the
MindY ourDecisions video (Elena, Mark, and Naomi). All of these participants expressed
some reasoning for their decision to rewind that expressed a desire to review part of the
video that included material they had missed during the first watch. For example, Andre
explained his reasoning for rewinding during part of the Khan Academy video, stating
“And then he started explaining that and I was still focused down here. So I had to rewind

to go back and re-listen to it.” Andre seemed to be focused on one part of the procedure
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or explanation and, while he tried to make sense of it, the instructor moved on to the next
part of his explanation. Naomi expressed a similar reason when she rewound while
watching the MindY ourDecisions video, noting “I missed the part where he added the
one to the square with the area of 15 so I wanted to know why he did that and the way
that he was explaining it.” When Naomi identified a part of the video that was unclear to
her, she chose to rewind and rewatch that section. The participants who chose to rewind
seemed to be trying to make sense of the math in the video and felt that they were
missing some information. Rewinding and rewatching was a way for them to fill in
missing information and to help make sense of the math they were seeing in the video.
Pausing was another way that participants interacted with the videos. Participants
chose to pause the video twelve times including six times during the Khan Academy
video (Andre, Ben, Carrie, Jacquelyn, Kristen and Sonia), two times during the Math
Meeting video (Kristen and Naomi) and four times during the MindY ourDecisions video
(Andre, Duane, Marilyn, and Teri). Participants chose to pause the video for a variety of
reasons, including to write down or attempt the problem, to take notes, or catch up with
the procedure. For example, Carrie paused during the Khan Academy video and
explained that “So normally, I wouldn't pause right away because I wouldn't understand
the problem. But, since I understood the problem, I figured I might as well just do it and
see what I got and then see how it plays out.” She expressed that she knew how to solve
the problem and wanted to do it for herself before watching this video. Several
participants expressed that they were pausing to catch up on notetaking, such as Naomi
who paused during the Math Meeting video and commented that “I paused it because it

was going a little bit too fast. [ wanted to write down everything that I thought was
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important.” Carrie and Naomi represent participants who paused in order to take notes or
try the problem in advance.

Because participants were instructed to pause when they were confused or saw
something interesting, some participants paused to explain their thinking or ask
questions. For example, while watching the Khan Academy video both Ben and Andre
paused to comment about the use of the standard formula in the solution process shown
in the video. Ben stated that,

So just the way that he wrote these values as 2ax and then 2a=2, it got me a little

bit confused because usually when I'm learning about quadratic equations, |

learn... It's like a is the value in front of the second degree. So that just tripped me

up for a second, but once I saw that, that's pretty much it'd be... Then I understood

where he was coming from.
Ben seemed to be confused by the process that was being explained in the Khan
Academy video and specifically by the assignment of different variables to different parts
of the equation from the way he was taught in class. Andre also expressed confusion
about the use of a different form of the equation from that which he has been taught in
class. He stated that “I am so distracted by what's going on over here, that I don't get
what's going on here. That I can't focus on what's going on over here because I'm still
caught up in the fact that like what the heck is this?”” Andre was “distracted” by the use of
a goal form of the equation that the instructor wrote to the right side of the screen. He
expressed that he wanted to focus on the procedure that the instructor was describing on
the left side of the screen but his attention was still drawn to try to make sense of the
form that the instructor had written on the right side of the screen. This distraction

seemed to cause Andre confusion and so he paused to explain as he had been directed to

do before watching the video.
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It was unclear whether Ben and Andre would have paused at these points if they
were watching the videos on their own. However, because they had been directed to
pause when they were confused, they did so and explained their confusion for the benefit
of making their thinking explicit. These types of pauses were repeated during both the

Math Meeting and the MindY ourDecisions videos in a similar manner.
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CHAPTER 6
DISCUSSION

Prior research has investigated many aspects of the use and value of instructional
videos for mathematics teaching and learning. However, few studies have looked at how
students watch mathematics videos and more specifically, the responsibilities that
students hold when watching these instructional videos. This study endeavored to use the
framework of the didactic contract to explore student responsibilities while watching
mathematics instructional videos. In this chapter I will discuss how the results of my
study answered my research questions and what implications these answers may have for

educational practice and future research.

Summary of Findings

My first research question related to the responsibilities participants held while watching
a video. I hypothesized that the prior knowledge and mathematics-related beliefs of participants
might have impacted the responsibilities held. However, I found these factors were not as
important to participant responsibilities as their prior knowledge of the canonical process of
completing the square. Participants who had prior knowledge of completing the square seemed to
hold the responsibility to use the process taught by their teacher. In terms of the didactic contract,
this responsibility could be called a practical rationality. Herbst et al. (2011) suggested that
practical rationalities in the mathematics classroom include the principles, values and
dispositions to act in a certain way that are held by individuals. These practical rationalities
helped to define what was acceptable in a particular situation. Because these practical

rationalities were part of the didactic contract, they were implicit and difficult to identify.
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However, the didactic contract has been revealed within the instructional situations of the
mathematics classroom (Herbst et al., 2011). As I discussed in the Theoretical Framework for
Main Study section of Chapter 2, the instructional situations of the classroom can be seen as a
marketplace in which students and teachers trade knowledge (Herbst, 2006). The trading of
knowledge became the classroom economy where the rules of the didactic contract could
become explicit, especially when they were violated. In this study when solving quadratic
equations, students were responsible to imitate the solution process given to them by their
teacher. This responsibility was violated while watching the Khan Academy video, when the
instructor showed a slightly different procedure for completing the square. Although this
responsibility was usually implicit, it became explicit when it was violated, and participants
expressed their desire to use their teacher’s process. This responsibility was tied to participants’
prior knowledge of the process for completing the square given by their teacher, the canonical
process. Participant overall prior knowledge and MRBQ score did not seem to be related to this
responsibility because the responsibility to use the canonical process was expressed by students
of different levels of these scores.

I found it important to differentiate between the participants’ responsibility to use the
canonical process for completing the square and their responsibility to use multiple strategies for
solving quadratic functions. Participants of all levels of both prior knowledge and MRBQ score
expressed a desire to know and use different strategies for solving quadratics functions. They
acknowledged factoring and the use of the quadratic formula as valid options for finding the
zeros of a quadratic function. I find it interesting that while they valued multiple strategies for
finding a solution to quadratic functions, participants also expressed a responsibility to use only

one specific set of steps for completing the square. Participants seemed to differentiate between
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the use of multiple strategies and the need to implement the set of algebraic steps related to a
particular process, in this case, of completing the square. Further research is needed to
investigate how students conceptualize this difference and its implications for mathematics
education.

My second research question related to the design principles for multimedia learning and
how they impact participant responsibilities. I hypothesized that participants would have
different responsibilities based on different levels of adherence to the design principles
represented in the three videos selected. Participants in Middle, Low and Very Low levels of
prior knowledge who were watching the MindYourDecisions video that showed a more visual
representation of completing the square expressed that this video interfered with their
responsibility to use a symbolic representation for completing the square and some did not want
to watch this video. Participants were not able to make a connection between the symbolic
representation that they knew and the visual representation that was being shown in the video
and they expressed confusion about the visual representation. This confusion helped to make
their implicit responsibility to use the symbolic representation explicit. Participants seemed to
have a responsibility to use a symbolic representation when solving a problem using completing
the square and subsequently rejected the visual representation.

In addition to answering my research questions, I was also able to develop a heuristic for
student selection and use of mathematics instructional videos. In the following section, I will

review this heuristic and discuss implications and connections prior research findings.

Implications

There are implications from this study for both mathematics instruction and video design

and use in the mathematics classroom. As more teachers use video as an instructional resource
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and more and more students seek out video on their own to review and remediate mathematics
content, it is important to understand the responsibilities student hold about the mathematics they
are watching on videos and that these responsibilities may change the ways in which they select
and use mathematics instructional videos. Moreover, teachers must understand the
responsibilities their students hold and how this can impact the ways in which they are watching
videos. Additionally, I suggest that this study has implications for the design of effective
mathematics instructional videos above and beyond what has already been outlined in the
cognitive design principles. In this section, I will reflect back to the heuristic outlined in Chapter
5 to suggest recommendations for mathematics teachers and video designers that can be implied

from the findings in this study.

Connecting Student Heuristic to Mathematics Teaching

In Chapter 5, I outlined a heuristic for student selection and use of mathematics
instructional videos based on the findings in this study. This heuristic included the following:

e Students tend to look for Khan Academy videos.

e Students look for a video that will show the steps of the procedure.

e Students look for a video that shows the procedure that their teacher uses
(canonical process).

e Students look for a video that shows a symbolic representation rather than
a visual.

e Students may interact with the video while watching by fast forwarding,
rewinding or pausing the video in order to better understand the material

being communicated.
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The ways in which students are selecting and using videos has implications for the ways
teachers select and use videos in their classrooms. When teachers are selecting math videos for
their students they must be aware that students will want to see the set of steps that the teacher
has shown them. This is especially true if the teacher is requiring students to use the process that
1s taught in the classroom. Buchbinder et al. (2019) established that teachers held a responsibility
to teach the canonical process for solving equations in one variable. Moreover, researchers found
that teachers viewed alternate solutions as unnecessary and potentially confusing. This same type
of language was used by participants in the current study when shown videos in which the
instructor used a process of completing the square that was not the set of steps they knew. When
participants who had prior knowledge of completing the square were shown the Khan or
MindY ourDecisions video, they expressed that the process was confusing and some even had a
desire not to watch the video. I posit that students’ responsibility to use the canonical process
may be tied to a responsibility held by their teacher. Further research is needed to identify the
connection between these responsibilities. However, if we assume that teachers hold this
responsibility to the canonical process, then they must also understand that their students also
hold this responsibility and that it will impact the ways in which they watch videos both in and
out of the classroom.

Teachers may also want to encourage flexibility and the use of multiple representations in
their classrooms. The use of representation and solution process flexibly has been identified as a
factor that impacts students’ ability to solve problems with accuracy and perseverance (Heinze,
Star, & Verschaftel, 2009). I suggest that a teacher who wants to encourage flexibility and
multiple representations must be willing to show multiple sets of steps and ways to talk about the

solution process to their students. For example, teachers could make explicit to students where
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the formula (g)2 comes from and how it is connected to taking half of the constant in front of the

linear term in the quadratic. While teachers may think that they have shown this to students, it is
important to continue to make these connections so that students are able to fluidly and flexibly
solve problems using different processes and to see the connections between these sets of steps.
If students are carrying the responsibility to solve problems using only their teacher’s process
from their classrooms into the way they choose and watch instructional videos, they may be
rejecting alternate solution processes that would allow them to persevere and be successful in
solving problems. Teachers may even want to use videos as a teachable moment, showing a
different strategy in class and discussing how this set of steps is similar or different from the
canonical process and helping students to make connections between representations.

While we may hope that teachers and students begin to value flexibility and multiple
representations in their classrooms, this aspect of classroom instruction may not change.
Assuming that teachers will continue to hold a responsibility to one set of steps in a particular
order without variation, i.e. the canonical process, I suggest that a second potential implication
for this study relates to the way in which video designers approach the creation of mathematics
instructional videos. While the videos in this study adhered closely to the Cognitive Design
Principles as defined by Clark and Mayer (2016), participants expressed confusion because of
the use of a different solution process or representation with which they were not familiar. The
adherence of the videos to the design principles coupled with participants’ categorization of the
solution process or visual representation as confusing seemed to suggest an additional level of
complexity for students who were holding to the canonical process for completing the square.
This study suggests that a video designer for mathematics instructional videos must be aware of

the canonical process for the topic for which they are creating a video. This does not mean that
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they must create a video using only the canonical process. My research suggests that they use the
canonical process to make connections to their solution process or representation or show how
the steps of the procedure can be varied. Specifically for the videos used in this study, I would

suggest three areas of connection that could be made, one that would help students to understand
b - . .
the use of (5)2, another related to the use of specific letters for variables in the general form of

the equation, and one that will help students to gain a deeper understanding of the factoring of
the quadratic into a perfect square.

In the Khan Academy video, the instructor talked about finding the constant to add and
subtract to the equation by using the general form of the equation x2 + 2ax + a? + b and then
identified —2x in the problem as being the same as 2ax in the general form. He then showed
how to find the a value by setting 2a equal to —2 and solving for a and squaring that value to

add and subtract to the equation. This was confusing to some participants in this study because
they already knew the canonical process for finding this value using the formula (2)2. If the

video designer had been aware of this process, they could have made a connection between their
process and the canonical process, showing that, although the processes were ordered and
explained differently, they were actually finding the same value through similar mathematical
reasoning and providing students with language to describe differences in the steps.

Another simple connection that caused confusion for some participants was the use of
different letters to represent the same variables in the equations. In the Khan Academy video, the
letter a was used to represent the constant in front of the linear term in the quadratic and the
letter b was used to represent the constant. In the version that participants knew, the general form
of the equation has a in front of the second degree term, b in front of the linear term and ¢

representing the constant. While these representations may seem self-evident and
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interchangeable to someone with a higher level of mathematical sophistication, the participants
in this study found this to be problematic. Therefore I suggest that connections between multiple
symbolic and algebraic processes should be made when creating videos for students at this level
of mathematics.

Another connection that can be made is between the symbolic and visual representation
in the MindY ourDecisions video to make explicit the idea of factoring the perfect square
trinomial. In this video, the instructor showed how to split the rectangle in half and join it to the

sides of the square. Although the instructor may have been familiar with the idea of a canonical
. ) .. ) b )
process, they must be aware of the importance of showing the explicit connection to S at this

point in the video. Showing students a connection to the solution strategy with which they were
already familiar may have reduced their confusion and helped them to connect the visual
representation to the symbolic representation. Additionally, participants were not always able to
identify that the side length of the square and rectangle represented x + 1 in the equation. This
was not made explicit in the video and participants simply assumed that the instructor had
factored the equation to find this expression. If the video designer had made this more explicit,
students may have been able to better follow the reasoning behind the visual representation in
this video.

I suggest that it is important for video designers to have some familiarity with the range
of processes and strategies that students may know when designing mathematics instructional
videos. While the use of the cognitive design principles are important for student learning,
mathematics instructional video may require an additional layer of design related to the process

of the solution strategy being shown in the video. A video that will be used successfully by
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students must take into consideration both the design principles and the connections between

representations of the mathematics being shown in the videos.

Limitations and Additional Questions

This study was limited by a small sample size from one university. Further research is
required to determine if the findings in the population hold true for students in other universities,
at other grade levels and in other mathematics topics. Additionally, the video watching was
limited to the three videos selected and the order of the video watching may have impacted the
way in which participants were making sense of the mathematics content in the videos. These
limitations lead me to think about opportunities for future research.

As mentioned in the discussion about participant interactions with the video, I did not ask
students what they would have done if they had skipped forward to check their answer and found
that the answer was incorrect. This leads me to think about future research related to student
interactions with mathematics instructional videos. Although research has identified student use
of rewinding and fast forwarding as strategies for e-learning, more research is needed to define
how students use these interactions to learn from videos and specifically to learn mathematics
from instructional videos (Jadin et al., 2009; Zhang et al., 2006).

Further research may explore if participants would hold the same responsibility to use the
canonical process if the videos were assigned by the teacher. Moreover, I am wondering what
responsibilities would be identified if the teacher was the one introducing multiple solution
processes, either by assigning videos that showed these different processes or by showing the
processes themselves during their instruction. I suggest that future research should include a
study in which the teacher assigned videos for their students to watch that included different

solution processes to see if this made a difference in student responsibilities toward the canonical
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process. My research raises the question concerning whether the responsibility of students
toward the use of one specific algorithm for completing the square was connected to their
responsibility to their teacher or whether students had a responsibility to solve the problem using
only one process and the canonical process happened to be the process with which they were
most familiar and comfortable so they had a responsibility toward that set of steps.

Another suggestion for future research would be to investigate whether students hold the
responsibility to use the canonical process because they knew that they would be assessed by the
teacher on this process, meaning, the students believe that any deviation will result in reduced
points. I suggest a study that includes an interview with the teachers of student participants as
well as an analysis of their assessments to see if the teachers were requiring their students to use
a particular set of steps for completing the square as is proposed by Buchbinder et al. (2019).
Perhaps an intervention could be introduced to encourage teachers to allow students to explore
different processes for solving quadratic functions using completing the square. Student could
then be asked to watch videos that show different processes to see if they maintain the

responsibility to use the canonical process.

Conclusion

Video watching for mathematics teaching and learning is becoming ubiquitous. Whether
for use in the flipped classroom (Bergmann & Sams, 2007; Bowers et al., 2012; Kirvan et al.,
2015; Pinzon et al., 2016), fully online instruction (Hegeman, 2015; Zhang et al., 2006) or even
as a resource within the traditional face-to-face classroom, students are accessing videos to learn
and remediate mathematics content at all levels of instruction (Pinzon et al., 2016). While
researchers have investigated student learning gains from and attitudes toward mathematics

instructional videos, few studies have observed what students are doing as they watch videos to
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learn mathematics. This study has begun to identify student responsibilities while watching
mathematics instructional videos. Specifically, I have applied the theory of didactic situations to
assist in the framing of responsibilities held by college algebra students as they watch
mathematics videos that show solution processes for solving quadratic functions by completing
the square. Students seemed to hold a responsibility to use the canonical processes for this
solution strategy. These findings hold implications for both mathematics educators and video
creators for mathematics learning. I hope that future research will be able to identify other

responsibilities for students across grade levels and content areas.
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APPENDIX B:

DESCRIPTION OF VIDEO ANALYSIS (PILOT STUDY)

Description of Video Analysis

Other interesting

'Video Video linkMMP  CP MP RP PTP SP PP .. Total
Characteristics
https://vo Use of colors for
P o different parts of the
Khan utu.be/wY
oS 4 5 5 0 2 1 problem, not perfect - 22
\Academy rxKGt_bL h K .
e makes mistakes and
g backtracks
https://o Ee tallgs to stgdqnts i]?
. Hips- 80 is audience during the
Brian Logan %gl/vk_zScS 5 5 5 2 5 5 presentation, pop-ups 32
- block the last solution
He shows a very basic
https://yo system with no
MathHelp.co utu.be/w3 multiplication before
m FSej20rt > > > > 0 > 3 adding the equations 27
u together, he is rather
stiff.
—p—y—ﬂttl ;’e/je% Uses poster board to
Patrick]IMT —1—5 'hY 3 5 3 5 5 0 3 4 write on, uses fractions 25
gLﬂ & for some answers
—p—y—ﬂttl lS)'e/;l\/(l)7 Uses context but it is
SHMOOP —Nl AFl4 5 3 3 3 0 5 3 surface at best, 22
y_8n animations, humor(?)
Uses an animated
https://vo ins.trucFor on screen and
Why U utw.be/Tkrs s s 4 5 3 4 Aanimationsofthe 31
" fkzn00 worked examples, a lot
l of conceptual
explanation
https://vo Write?s on an invisible
. DB wall in front of her,
Mometrix utu.be/cZ
P 5 5 5 4 3 5 speeds up and slows 31
Academy h_FhY- down throughout the
Ors?t=238 . &
video
https://ww Shq Writes onan
be invisible wall in front of
Mo/ut% her, speeds up and slows
NancyPi %5 5 5 5 5 2 5 dpwn throughout the 31
N—41)7T video, talks a lo.t about
g—8 why you are doing

things
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APPENDIX C:

PRETEST EXAMPLE PROBLEMS AND FULL TEXT (PILOT STUDY)

Pretest Problem

2) a. Graph the system of equations.

Use the graph to find the solution.
Express your answer as an ordered

pair, (x,y).

y=3x—4
y——2x+

2) b. How do you know that your
answer is correct in the above
problem?
x=6y+15
x=8y+9

7) Claire has $9.00. She makes
$8.00 an hour babysitting.
a) Use the system of linear
equations above to find the number
of hours after which Nolan and
Claire will have the same amount
of money.
7) b) Explain what convinced you
that this is the solution to the
system.
x+y=50
3x —y =102

8) Juan answered all 50 questions
on a test. He earned 3 points for
each question he answered
correctly. He lost 1 point for each
question he answered incorrectly.
His final test score was 102 points.
The system of equations above
describes the relationship between
the number of questions he
answered currently and the number
of questions he answered
incorrectly.

Reasoning
Problem requests the use of a specific procedure

(graphing) to find the answer. One answer is required,
and the format of the answer is given explicitly.

Problem asks for reasoning and for a description of
how the student knows that the answer is reasonable
and correct.

Although a specific procedure is not required, the
problem asks for a specific answer to the system of
equations.

Problem asks for an explanation of student thinking
and justification of the answer from part a.

The problem gives students that procedural answer and
asks for an explanation of what that answer means in
terms of the problem scenario.
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Part of the solution of the system of
equations is x=38. What does this
value represent?

Full Text of Pretest

Use the graph to find the solution to the system of equations. Express your answer as an

ordered pair, (x,y).

y=4x+3
D {y=—x—2

2) a. Graph the system of equations. Use the graph to find the solution. Express

your answer as an ordered pair, (X,y).

y=3x—4
A
{y=—%x+3 ‘ ] 47

5 B 2 73 43

4
wY




b. How do you know that your answer is correct in the above problem?

For the questions the follow, put your answer in the blank next to the question number.

3)
Zy=4
27"
x 1, 2
27"
The system of equations above has solution (x, y).
What is the value of x ?
A) 3
7
B —_
) 2
C) 4
D) 6
4)
x+y=0
3x-2y=10

Which of the following ordered pairs (x, y) satisfies
the system of equations above?

A) (3,-2)
B) (2,-2)
O (-2,2)
D) (-2,-2)
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5) 3x+4y=-23
2y—-x=-19

What is the solution (x, y) to the system of equations
above?

A) (-5,-2)
B) (3,-8)
C) (4,-6)
D) (9,-6)

6) ax + by =12

2x + 8v =60

In the system of equations above, a and b are constants. If the system has

infinitely many solutions, what are the values of a and b?

For the following questions, answer the explanation question completely.

7) x =6y+15

x=8y+9
Claire has $9.00. She makes $8.00 an hour babysitting.

a) Use the system of linear equations above to find the number of hours after

which Nolan and Claire will have the same amount of money.
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b) Explain what convinced you that this is the solution to the system.

8) x+y=50

3x —y =102

Juan answered all 50 questions on a test. He earned 3 points for each question he
answered correctly. He lost 1 point for each question he answered incorrectly. His
final test score was 102 points. The system of equations above describes the
relationship between the number of questions he answered currently and the

number of questions he answered incorrectly.

Part of the solution of the system of equations is x=38. What does this value

represent?

9) 5x +4y =32

x+ 6y =22

Samantha and Maria purchased flowers. Samantha purchased 5 roses and 4

daisies and spent $32 on the flowers. Maria purchased 1 rose and 6 daisies and

spent $22. The system of equations above represents this situation.
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a) Explain how you know that this is the correct representation for this

situation.

b) Solve the system. Describe what your answer means in the context of

this situation.

10) x+y=-9

x+2y=-25

The solution to the system of equations above is (7,-16). What does it mean that

(7,-16) is the answer to this system?

11) Three methods of solving systems of equations are graphing, substitution, and
elimination. Describe a situation in which you would use each of these solution

methods and why you would choose that method.
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APPENDIX D:

MATHEMATICS-RELATED BELIEFS QUESTIONNAIRE AND FACTORS

Please respond to each Strongly Somewhat  Neither Somewhat  Strongly
statement agree agree agreenor  disagree disagree
disagree

1. Making mistakes is part of
learning math. O O O O

2. Group work helps me learn
mathematics. O O 0] O

3. Mathematics learning is
mainly memorizing. 0] 0] O O

4. The importance of

competence in mathematics

has been emphasized at my 0] 0] 0] 0]
home.

5. Anyone can learn
mathematics. 0] 0] 0] 0]

6. There are several ways to
find the correct solution of a

mathematical problem. 0 O O o
7.1 am hard working by
nature. 0 0 0 0

8. Solving a mathematics

problem is demanding and

requires thinking, even from O O O O
smart students.

9. Mathematics is continually
evolving. New things are still

discovered. 0 0 0 0
10. There is only one way to
find the correct solution of a o o o o

mathematics problem.
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11. Mathematics is used by a
lot of people in their daily
life.

12. My family has
encouraged me to study
mathematics.

13. ’'m only satisfied when I
get a good grade in
mathematics.

14. The example of my
parent(s) has had a positive
influence on my motivation.

15. I believe that I will
receive and excellent grade
for mathematics this year.

16. By doing the best I can in
mathematics I want to show
the teacher that I’'m better
than most other students.

17. I like doing mathematics.

18. I want to do well in
mathematics to show the
teacher and my fellow
students how good I am at it.

19. I can understand course
material in mathematics.

20. To me mathematics is an
important subject.

21. I prefer mathematics
tasks for which I have to
exert myself in order to find
the solution.

22. 1 know I can do well in
mathematics.
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23. If I try hard enough, then
I can understand the course
material of the mathematics
class.

24. When I have the
opportunity, I choose
mathematical assignments
that I can learn from even if
I’m not at all sure of getting a
good grade.

25. ’'m very interested in
mathematics.

26. Taking into account the
level of difficulty of our
mathematics course, the
teacher, and my knowledge
and skills, I’'m confident that
I will get a good grade for
mathematics.

27. 1 think I will be able to
use what I learn in
mathematics in other courses.

28. I am no good at math.
29. Those who are good in
mathematics can solve
problems in a few minutes.

30. I am not the type to do
well in math.

31. My parents enjoy helping
me with mathematics
problems.

32. It is a waste of time when
the teacher makes us think on
our own about how to solve a
new mathematical problem.
33. My parents expect that I
will get a good grade in
mathematics.
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34. I expect to get a good
grade on assignments and
tests of mathematics.

35. Math has been my worst
subject.

36. Mathematics enables
people to better understand
that world they live in.

37. 1 have not worked very
hard in math.

38. Mathematics is a
mechanical and boring
subject.

39. I can get good grades in
math.

40. I always prepare carefully
for exams.

41. Mathematics has been my
favorite subject.

42. 1 am sure that [ can learn
math.

43. My major concern when
learning mathematics is to
get a good grade.

Factor Analysis of MRBQ

Prompt Prompt
Number

Factor 1: Beliefs about the significance of and competence in mathematics

2

21.
22.

23.
26.

I can understand the course material in mathematics.

I am very much interested in mathematics.

When I have a mathematical task, I exert myself in order to find the
solution.

I like to learn mathematics.

Our mathematics teacher listens carefully when we ask or say
something.
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33.
41.
4.
43.
44,

45.

I expect to get good grades on assignments and tests of mathematics.
Our mathematics teacher is friendly to us.

Taking into account the level of difficulty of our mathematics course,
my knowledge and skills, I am confident that I will get a good grade
for mathematics.

I want to do well in mathematics and show my teacher that [ am as
good as my fellow students.

I believe that I will receive this year an excellent grade for
mathematics.

To me mathematics is an important subject.

Factor 2: Beliefs about the role and functioning of the teacher

7.

11.
12.

13.

15.

17.

18.

32.

38.

Our mathematics teachers understand the problems and difficulties we
experience.

Solving a mathematics problem requires much thinking.

I think that I will be able to use what I have learned in mathematics
also in other courses.

Our mathematics teacher explains why mathematics is important.

Our mathematics teacher cares that we feel at ease when we learn new
things.

Mathematics is continuously evolving. Many things remain to be
discovered.

Our mathematics teacher gives us time to really explore new
problems and to try out possible solution strategies.

Our mathematics teacher first shows step by step how we have to
solve a specific mathematical problem, before he gives us similar
exercises.

My main concern when learning mathematics is to get a good grade.
Our mathematics teacher cares how we feel in the mathematics
lessons.

Those who are good in mathematics can solve many problems in a
few minutes.

Factor 3: Beliefs about mathematics as a learnable subject

16.
27.

29.

30.

34.
35.

36.
39.

Anyone can learn mathematics.

If I work hard, then I will understand the course material of the
mathematics class.

Our mathematics teacher appreciates it when we have tried hard, even
if our results are not so good.

Our mathematics teacher thinks that errors are okay and can be
helpful for learning.

Making mistakes is an important part of learning mathematics.

I can understand even the most difficult material presented in the
mathematics course.

Our mathematics teacher tries to make the lessons interesting.
Mathematics is used by a lot of people in their daily life.

Factor 4: Beliefs about mathematics as a functional necessity of school life
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e

14.

25.
28.

31.

37.

Only students with exceptional intelligence can learn mathematics
well.

We are not allowed to ask fellow students for help during classwork.
Our mathematics teacher does not really care how we feel in class.
She/he is totally absorbed with the content of the mathematics course.
By doing the best I can in mathematics I want to show the teacher that
I am better than most of the other students.

There is only one way to find the correct solution of a mathematics
problem.

Mathematics learning is mainly memorizing.

It is a waste of time when the teacher makes us think on our own
about how to solve a new mathematical problem.

Our mathematics teacher thinks that she/he knows everything best in
mathematics and that we cannot contribute to learning mathematics.

I am only satisfied when I get a good grade in mathematics.
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APPENDIX E:

MATHEMATICS RELATED QUESTIONS ASKED AFTER VIDEOS

(PILOT STUDY)

Questions after Khan Academy Video

Questions after NancyPi Video

What would you say is the main point of
elimination?

What did Nancy say it means to solve a
system of equations? Do you think it is
important for her to talk about this before
showing how to solve? Why or why not?

What does it mean to “cancel out” terms
in elimination?

She talked about lining up the variables
before solving. Is this important? Why or
why not?

Why does he multiply both sides by -5?
Why is it OK to do this?

She writes +0y in the equation when
solving. Do you think that this is
important to do? If so what does this help
you to understand about the problem?

How do you know when to multiply one
equation and when you need to multiply
both equations?

She picks a special case to show that there
1s “no solution.” What does that mean?

How do you pick the number that you
want to use to multiply both equations by?

Do you think that it is important to talk
about different possibilities for solutions?
Why or why not?

He talked about multiplying both
equations by a fraction to get the same
number, do you think this is important?
Why or why not?

What does it mean to have infinitely many
solutions?

Why did he multiply both sides by 1/7
when solving for x in the second
problem?

She talks about multiple ways to solve a
problem. Do you think this is important to
talk about in a math video? Why or why
not?

Do you think it is important to know
about fractions when solving systems of
equations? Why or why not?

In the last problem she shows 2 equations
that need to be “cleaned up” before
solving. Do you think it is important to
show this? Why or why not?

Do you think it is important for him to
show how to verify the answer like he did
in the second problem? Why or why not?

What do equations have to look like in
order for you to add them together to
eliminate a variable?

In the third problem, why do you have to
multiply both equations by a number to
get them to eliminate?

Why does she multiply one equation by a
positive and one by a negative number?
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How does this help her solve the
problem?

She shows a quick example at the end
about subtracting rather than adding the
equations together. Do you think this is
important? Why or why not?

136




APPENDIX F:
PRETEST EXAMPLE PROBLEMS AND FULL TEXT (MAIN STUDY)

Pretest Problem Reasoning
3)a. Problem requests the use of a specific procedure
y:x2—6x+8
The equation above represents a parabola in the (factorlng) to find the answer. One answer is

xy-plane. Which of the following equivalent forms of
the equation displays the x-intercepts of the parabola
as constants or coefficients?

required, and the format of the answer is given
A) y-8= x2-6x
B) y+1=(x-3)
C) y=x(x-6)+8
D) y=(x-2)(x-4)

explicitly.

3) b. What are the x-intercepts for ~ Problem requests the use of a specific procedure
this parabola? to find the answer. One answer is required and
will be considered to be correct.

3) c. Explain how you decided that ~ Problem asks for an explanation of student

these values represent the x- thinking and justification of the answer from part
intercepts for this parabola. b.
Full Text of Pretest
l. a.

What are the solutions of the quadratic equation
4x*-8x-12=0?

b. What does it mean to be a solution to a quadratic equation?
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2.a. What are the solutions to 3x2+ 12x+6 =0 ?

b. Are you able to solve this problem by completing the square?

If so, show it here.

y=x2—6x+8

The equation above represents a parabola in the
xy-plane. Which of the following equivalent forms of
the equation displays the x-intercepts of the parabola
as constants or coefficients?

A) y-8=x>-6x

B) y+1=(x-3)
C) y=x(x—-6)+8
D) y=(x-2)(x-4)

b. What are the x-intercepts for this parabola?

c. Explain how you decided that these values represent the x-intercepts for this

parabola.
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x2+6x+4

Which of the following is equivalent to the
expression above?

(x+3)2+5
) (x+3)*-5
) (x-3)2+5
D) (x-3)*-5

b. Explain how you decided that these expressions are equivalent.

5.a.
h(t) = —16t% + 110t + 72

The function above models the height 4, in feet, of
an object above ground ¢ seconds after being
launched straight up in the air. What does the
number 72 represent in the function?

b. What do the x-intercepts of the function above represent?
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DESCRIPTION OF VIDEO ANALYSIS (MAIN STUDY)

APPENDIX G:

Other
interesting Tot
Video Video Link MMP [CP |MP |RP | CHP | PTP | SP | PP | Characteristics | al
Math Meeting https://youtu.be/6fWS8Gd3prg | 5 1 5 5 5 3 4 3 31
Has a live
class -
students
answer
questions
https://youtu.be/DIMH2F3Gul during the
yaymath c 5 4 5 5 2 3 2 5 presentation 31
NancyPi https://youtu.be/prx Bf2hakw 5 3 5 5 4 3 2 5 32
Student asks a
question but
you can't hear
the question -
he doesn't
answer the
Brian McLogan | https://youtu.be/SBBI69IDeAw | 5 3 5 5 3 3 3 5 question 32
Mathispowerdu | https://youtu.be/3LB4fUyyCL8 | 5 2 5 5 5 3 4 3 32
https://youtu.be/bNQY0z76M5
Khan - Intro A 5 5 5 5 5 3 3 3 34
CorbettMaths https://youtu.be/VS6apvIv2Re | 5 4 5 5 5 3 4 3 34
This one uses
a different
strategy -
doesn't solve
for x but just
changes from
standard to
vertex form of
Krista King https://youtu.be/nzHp208bMnl | 4 3 5 3 5 5 5 4 the equation 34
Khan - Solving
Equations by
Completing the
Square https://youtu.be/KouDAzY1 bc | 5 5 5 5 5 3 4 3 35
Writing on a
white board -

. view from
patrickIMT - overhead, you
Solving https://youtu.be/xGOQYTo9A can see his
Equations KY 5 5 5 5 5 2 5 4 hands 36
MashUp Math https://youtu.be/pNqZBq6N g4 | 5 5 5 5 5 5 3 3 36

https://youtu.be/wolGTDE7yz

Brian McLogan | E 5 4 5 5 4 3 5 5 36
Only shows
handwriting

BetterThanYour on a tablet

Prof https://youtu.be/9UgvRelRsp8 5 5 5 5 5 3 4 4 from above 36

MindYourDecis Z:m:t?i c

ions (proof for representation

completing the of completing

square) https://youtu.be/EBbtoFMJvFc | 5 4 5 5 5 5 4 3 the square 36

. Writing on a
patrick]MT - white board -
Solving https://youtu.be/zKV5ZqYIAM view from
Equations Q 5 5 5 5 5 3 5 4 overhead, you | 37

140




(harder
example)

can see his
hands

MathHelp.com

https://youtu.be/GyCujlhx_zc?
t=16

37

Mario's Math
Tutoring

https://youtu.be/TSNDznHX-5¢

37

VirtualNerd

https://virtualnerd.com/algebra-
1/quadratic-equations-
functions/completing-the-
square/completing-the-square-
solutions/completing-the-
square-solution-example

37
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APPENDIX H:
PILOT STUDY

When I began the process of this dissertation, I hoped to build on the research of
Weinberg and Thomas (2018) who used sense-making frames identified in Weinberg,
Wiesner, and Fukawa-Connelly (2014) to determine if these frames could be applied to
students at all levels of mathematics learning, specifically college algebra students.
Additionally, I wanted to incorporate theories about instructional design and their impact
on student learning through cognitive load to see if students may use different sense-
making frames when viewing videos with different instructional styles. My research
questions for this pilot study where:

3) How are student sense-making frames similar or different among students within

a particular video?

a. How are student sense-making frames similar or different among students
with different levels of prior knowledge related to solving systems of
equations?

b. How are student sense-making frames similar or different among students
with different mathematics-related beliefs?

4) How do the various video design principles support or constrain the uses of

particular sense-making frames?

Theoretical Framework for Pilot Study Research

To investigate these research questions, I used several theories that already exist

regarding the way students make sense of mathematics in a classroom setting and applied
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them to the setting of video watching. These theories include engagement structures,
epistemological frames (eframes) and sense-making frames. For reasons I will describe in
the following section, I suggest that eframes and sense-making frames were more
appropriate ways of understanding student mathematics learning from video watching
than the use of engagement structures, but also found that these theories lacked the ability
to capture participant beliefs at this level of mathematics learning. In this section, I will
define and describe current theories from the literature, identify gaps in the literature and
explain how these theories can be applied to my research questions.

Engagement structures involve the intersection of behavioral, affective, and social
characteristics that are situated in a person and impact their activity in a social context
(Goldin, Epstein, Schorr, & Warner, 2011). The engagement structures students use when
problem solving include frames, social scripts, and cognitive structures/schema. While
Goldin et al. (2011) defined several engagement structures used by students within the
mathematics classroom, I suggest that these structures may not apply to learning
mathematics through video watching. Most of the engagement structures identified by
Goldin et al. (2011) included some form of social interaction within the classroom. For
example, in the structure Look How Smart I Am the student wanted others to see and be
impressed with their math ability by claiming their solution was better than others. This
engagement structure relies on someone else being present to hear the student’s answer,
which is not possible within the context of video watching, a primarily solitary activity.
Therefore, I suggest that I will need a framework that provides a more granular look at
student sense-making than is provided through engagement structures. The piece of an

engagement structure which I was be attempting to identify among my participants was
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the frames used by students in making sense of the mathematics in the videos and was
best described using the idea of epistemological and sense-making frames.

The concept of an epistemological frame (eframe) was first defined in physics
education as a structure for choosing knowledge building tools (Redish, 2004). Redish
(2004) suggests that every person brings their own culture into the learning environment
and this culture shapes the way they think about and process the information they are
learning. Student expectations about what they are supposed to do in a learning situation
can impact the resources students have to create knowledge both positively and
negatively. If the student’s expectations about what should happen in a learning situation
does not match the teacher’s expectations, both sets of expectations may not be met,
misunderstandings can occur and learning may be impacted. Redish (2004) saw frames as
a way to describe the expectations of individuals in the classroom. However, I suggest
that frames can be used to describe other learning experiences such as video watching.
Frames help students to answer the question, “What’s going on here?”” as well as to
describe expectations within a given environment. For example, Redish (2004) defined
two contrasting eframes of students in a physics classroom as “making common sense”
and “applying formal knowledge.” Students using the making common sense frame
approach a physics problem by bringing primitive or common-sense information about
the situation in order to understand or answer the questions at hand. Because the
common-sense information about physics principles may be incorrect or lacking in some
way, the students are confused about what is happening and are unable to solve the
problem successfully. In contrast, students who use the applying formal knowledge frame

are able to correctly interpret the situation, ignoring intuitions about the physics they
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encounter, and using new knowledge of formal physics properties to correctly solve the
problem. In this example, the frame used by the student directly impacted ability to learn.
Additional research is needed to define eframes in domains other than physics and to
determine what knowledge students need to activate a particular eframe.

Researchers have recently begun using eframes in mathematics education
research. Krupnik, Fukawa-Connelly, and Weber (2017), like Redish (2004), suggested
that eframes of students act as an interpretive filter to the mathematics they observe.
Contrasting eframes were identified for students in an advanced mathematics lecture
related to how students frame definitions. One student needed to define a concept in order
to be able to reason about it while the other student saw definitions as being useful in
enhancing understanding. The differences in eframes were found to impact both what
students identified as a legitimate mathematical contribution and the standards they used
to evaluate the contribution. In other words, even though a mathematics professor clearly
explains a mathematical idea students may not grasp it or may interpret it in different
ways depending on the eframes they hold.

Eframes can be a valuable tool for mathematics educational research because
frames held by different students in different situations can impact the ways in which
students learn. Redish (2004) suggested that, "Once students have framed a situation,
depending on the breadth of their experience and the consequent robustness of their
framing, they may have difficulty interpreting overt messages that violate that framing."
Eframes can help educators to understand why a student is struggling with solving a
particular problem. Even when the student seems to have the correct knowledge about the

problem, they may not be framing the situation correctly. Related to the pilot study, I
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suggest that the eframe students hold may assist or restrict their ability to make sense of
mathematical content while watching instructional videos.

Another way to look at framing is through the idea of sense-making frames.
(Weinberg et al., 2014) define these frames as the way a person perceives the world can
impact the way they interpret a particular situation. Sense-making frames are used to
organize the world and to guide new experiences. A student who is learning encounters a
gap in understanding. This gap is some question a student needs to answer in order to
engage with the mathematics and make meaning in the activity. The frame is used to
interpret information and to bridge the gap in understanding. Once the gap has been
identified, the student uses the frame to bridge the gap by drawing on ideas, thoughts and
attitudes from their frame. In contrast to e-frames, sense-making frames influence how
the student interacts with the instruction and impact the nature of the gaps that can arise
during learning. (Weinberg et al., 2014) identified three types of sense-making frames
that students may use when making sense of an advanced mathematics lecture. One of
these frames, a content-oriented frame, allows students to bridge the gap in their
understanding of mathematical content in the lecture. For example, a student may use a
content-oriented frame to make sense of the mathematical concepts an instructor is
describing by relating a diagram the instructor is drawing to the mathematical concept
being described. Using this content-oriented frame allows the student to bridge the gap in
understanding and create new knowledge by connecting the diagram to prior
understanding.

Sense-making frames are similar to but not the same as eframes. Both concepts of

framing may inform each other and provide a better understanding of the ways in which
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students are framing situations in order to make sense of new information. However,
while sense-making frames are interested in the gaps in understanding students have,
eframes are primarily focused on the beliefs that students bring to the learning activity.
While some eframes and sense-making frames have been identified (Krupnik et
al., 2017; Weinberg et al., 2014), these frames were held for students in advanced
mathematics courses for mathematics majors. Further research is required to define
frames for students in less advanced mathematics courses and for students who may
struggle to make sense of mathematics content. I suggest that students in lower level
mathematics classes may be using different frames than students in advanced
mathematics courses. Advanced mathematics is a different type of mathematics as
compared with lower level of mathematics such as college algebra. In advanced
mathematics students go beyond imitative patterns of learning solution methods and are
required to construct understanding ideas using definitions (Fukawa-Connelly, 2005).
Additionally, advanced mathematics courses contain primarily dedicated students who
are trying to develop understanding whether or not they are required to as part of a course
grade. In contrast, students in a college algebra course may be taking this course as a
mathematics requirement for graduation, whether or not they are interested in
understanding the mathematics. These students may hold different epistemological
beliefs about mathematics than students who are majoring in mathematics and taking an
advanced mathematics course. In the pilot study, I proposed to use interviews of college
algebra students as they watched videos and used their responses to try to identify the

sense-making frames they used to make sense of the mathematics within the videos.
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Methods for Pilot Study

The aim of the pilot study was to test methods used to investigate and define
frames used by students in sense-making while watching videos about systems of

equations.

Participants

The pilot study drew participants from students taking a college algebra course at
Temple University. Students in this course were education majors who were not planning
to become middle or secondary mathematics teachers and represented a wide distribution
of mathematics skill and knowledge. As described previously in the Theoretical
Framework for Pilot Study Research section, I suggested that college algebra students
may have different ways of framing the mathematics presented in videos than students in
previous research who were in advanced mathematics classes . While students in this
class may have had some experience with the mathematics content of the chosen videos
during their high school mathematics courses, these topics were most likely to have been
studied years prior to their participation in this study. However, I did not account for the
fact that they would participate in this study after reviewing this topic as part of their
current coursework. This meant that study participants had recently encountered the topic
and had more prior knowledge that originally anticipated. The fact that this topic was a
requirement for completion of the course provided a motivational factor for students to be
interested in both the research study and learning the content.

I recruited six students from two sections of the Spring semester of a college
algebra course. Before selecting participants, all students in these two sections were given

a short assessment to measure prior knowledge of solving systems of equations as well as
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the Mathematics-Related Beliefs Questionnaire (MRBQ) to measure student beliefs about
mathematics. Participants were then selected for video watching interviews based on their
prior knowledge and mathematical beliefs. Because I wanted to select students with a
variety of scores on these factors, I selected three participants with high prior knowledge
scores and high MRBQ scores, one participant with middle prior knowledge score and
middle MRBQ score, and two participants with low prior knowledge scores and low
MRBQ scores as shown in Table 6.

Table 6

Participant Matrix (Pilot Study)

Prior Knowledge

High Middle Low
B104" J113 B105
J124° J115
J117 J112
High J121
B102°
g B103
& J118
= J120 J116 J122
J110 J119
Middle J114 B106
J109
J123
B101 J108°
Low J107°
JI111

*Participants selected for interviews

Participants were compensated with a $20 VISA gift card following completion
of data collection. During the analysis process participants were assigned pseudonyms to

protect their anonymity. These names will be used throughout the rest of this paper.
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Measures

The pilot study included the use of instructional videos on the topic of solving
systems of equations by elimination. Solving systems of linear equations is a challenging
topic for students because solutions can be found using multiple methods and
representations (e.g., tables, graphs, and equations). Although relatively few studies have
been done related to the topic of systems of linear equations, one study suggests that the
symbolic notation is difficult for students and sometimes for teachers (Yang & Lin,
2015). The biggest challenge in solving systems of linear equations should be that the
solution requires students to understand and make connections between these multiple
representations (Kieran, 2006). Moreover, explanation and justification of the symbolic
procedures of elimination relies on notions of equality, solution sets, variables, and
replacing an equation with a linear combination of itself and some other equation still
gives rise to the same solution set. These challenges make solving systems of linear
equations an interesting topic to explore using video watching.

I selected videos from among those that are available on the internet, using a
Google search of the terms “solving systems of equations by elimination.” I chose to use
extant videos because these are the videos that students would find when searching for
internet resources. Additionally, I watched each video and assessed it based on the eight
cognitive design principles discussed in the literature review section of Chapter 2. |
scored each video on a scale of 0 to 5 for each design principle with 0 meaning that the
principle was not seen in the video, 1 meaning that the principle was not followed in the
video, 2 to 4 meaning that the principle was seen to an increasing degree up to 5 meaning
that the principle was obeyed throughout the video. A chart displaying the ratings for all

videos analyzed is included in Appendix B of this paper.
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As an example of my method of analysis, I will describe how I analyzed the video
by Khan Academy according to the eight cognitive design principles for multimedia
learning. This video scored highest for the multimedia, contiguity, modality, redundancy
and coherence principles. This video included the presentation of both graphics and
narration as the instructor annotated the solution of the problem and verbally explained
these annotations so a high score was given for the multimedia, modality and redundancy
principles. This video scored high for the contiguity principle because the annotations
were narrated simultaneously as the instructor wrote with a digital pen on the black
screen. Finally, a high score was given for the coherence principle because the instruction
focused on the mathematics content and did not include additional or extraneous content.

In contrast to the high scores for multimedia, contiguity, modality, redundancy
and coherence principles, the video was scored lower for pre-training, segmenting and
personalization principles. Pre-training in the form of the introduction of key terms did
not occur in the video, so a score of 0 was given in this category. A score of 2 was given
for the segmenting principle. Although the video was fairly long, at 12 minutes, it was
not the longest video scored for this project. Finally, a score of 1 was given for
personalization because, although the instructor used a conversational tone, his face was

not present during any of the instruction, decreasing his personal presence in the video.
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Table 7

Video Analysis for Selected Videos — Pilot Study

Video

Video link

MMP

CHP

PTP

Other

Interesting
Characteristics

Total

Khan Academy

https://youtu.b
e/wYrxKGt b

Lg

Use of colors
for different
parts of the
problem, not
perfect - he
makes mistakes
and backtracks

22

NancyPi

https://www.y
outube.com/w

atch?v=XO0Jgz
W4P7T8

She writes on

an invisible wall
in front of her,
speeds up and
slows down
throughout the
video, talks a lot
about why you
are doing things

31

Using the ratings shown in Appendix B, I selected two of the videos with the most

different ratings for design elements for use in the studies. The videos for use in the pilot

study are from Khan Academy' and NancyPi', and their ratings are shown in Table 7.

selected the Khan Academy video because videos from Khan Academy are often used by

mathematics teachers when mathematics instructional videos in their classes.

Additionally, and surprisingly, the Khan Academy video scored lowest in terms of

i https://youtu.be/wYrxKGt _bLg

ii https://youtu.be/XOJgzW4P7T8
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cognitive design principles of all of the videos viewed for this project. Specifically, the
Khan Academy video, as shown in Figure 7, included very little personalization and in
that no personal representation of the instructor was included in the video. No pre-
training principle was identified in the video because only a worked example was
included with no essential concepts or vocabulary to frame it.

Figure 7

Screenshot of Khan Academy Video

M ) 452/12:00 B & O

The second video selected to contrast the Khan Academy video was a video from
NancyP1i and is shown in Figure 8. This video was selected because it had one of the
highest scores in terms of cognitive design principles. Although this video was long
overall the instructor included a discussion about the meaning of elimination and
situations in which it may be used as a solution strategy, supporting the pre-training
principle. The instructor was present on the screen and used a technique to ensure that she

was facing the camera at all times during the presentation, supporting the personalization
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principle. I feel that these videos will provide a contrast for the use of design principles
for the pilot study.
Figure 8

Screenshot of NancyPi Video

1

i ‘l'\Cl‘—“C

> > o) 253/1943

In addition to being different in terms of the cognitive design principles, the Khan
Academy and NancyP1i videos differ in their presentation of the mathematics content.
Both videos include step by step explanation of multiple examples using different levels
of manipulation and elimination. However, the Khan Academy video gives a direct
narration of the instructor’s step-by-step solution process and the NancyPi video includes
more explanations or the goals and reasoning behind the steps presented. The Khan
Academy video shows the steps for solving a particular system of equations while the
NancyPi video includes many more “what if” situations and explanations of reasoning for

the solution and mathematical decisions made while solving.
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The Khan Academy video includes two examples and their solutions. The first
example uses the linear system 5x — 10y = 15 and 3x — 2y = 3 and can be solved by
multiplying the second equation by -5 and adding the equations to eliminate the y
variable. The second example uses the linear system 5x + 7y = 15 and 7x — 3y = 5 and
can be solved by multiplying both equations by a constant in order to eliminate one of the
variables. The instructor in the Khan Academy video gives very little explanation about
the reasoning behind choosing these problems other than the second one requires that
“we have to multiply and to massage the equations, and then we can eliminate one of the
variables.” The instructor uses the term “massage” to describe the way in which the
equations must be changed. Later during the solution process, the instructor does
introduce the idea of finding a least common multiple for 5 and 7 as a way to explain his
choice of 35 and his reason for multiplying both equations by constants.

The Khan Academy video shows each step of the solution process in real time and
the instructor narrates his solution steps and calculations in detail. This includes checking
the solution by substituting the values into one of the equations in order to verify that the
solution found is correct. The instructor uses the term “cancel out” to describe what is
happening to the variable that is being eliminated. When solving the second example, the
instructor says, “35x minus 35x. That was the whole point. They cancel out,” choosing
this informal language to describe the fact that the terms add to zero or form a zero pair.
In this video, the instructor talks about multiple solution strategies although he only picks
one to show in the video. He explains, “And you could literally pick one of the variables
or another. It doesn’t matter. You can say, let’s eliminate the y’s first. But ’'m going to

choose to eliminate the x’s first.” The instructor seems to be making the point that,
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although he is not showing the other set of steps, it is a valid strategy, should a student
choose to solve in that way. At one point in the Khan Academy video, the instructor must
isolate the x variable by dividing both sides by seven. Instead he changes his strategy,
stating, “We can multiply both sides by 1/7 or we can divide both sides by 7, same thing.
Let’s multiply both sides by 1/7. The same thing as dividing by 7.” His reasoning may
have to do with the fact that there is a faction on the other side of the equation, and it is
easier to multiply a fraction by 1/7 than to divide by 7. He does not explain this
reasoning, perhaps because it is not essential to the elimination method. Overall, the
instructor in the Khan Academy videos uses a step-by-step approach to describe the
solution strategies of the examples he is showing. He explains the rules and procedures
for each step but does not make connections to the underlying reasoning behind the steps
used.

In contrast to the Khan Academy video, the NancyPi video gives more
explanations of the goals behind the solutions strategies. The instructor in the NancyPi
video begins with an explanation of situations in which you may want to use the

29 <¢

elimination method. These situations include “sometimes this way’s faster,” “you’ll have
options,” and “sometimes you’ve just been told that you have to do it this way.” The
NancyPi video shows four examples, each example focused on a different situation that
students may encounter when solving systems of equations using elimination. The first
example uses the linear system 2x + 5y = 11 and 3x — 5y = 4. This example can be
solved by adding the equations to eliminate the y variable without manipulation. The

second example uses the linear system —4x + 8y = 9 and x — 2y = 3. This example can

be solved by multiplying one equation in order to eliminate a variable. Additionally, the
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instructor uses this example to show and explain how students may encounter systems for
which there are no solutions or infinite solutions. The third example uses the linear
system 4y + 3x —2 = 0 and 5x = —9y — 6. The instructor uses this example to
emphasize the importance of aligning the x variable, y variable and constants before
solving with elimination. Additionally, once the variables are aligned so that the system
looks like 3x + 4y = 2 and 5x + 9y = —6, the instructor uses this example to explain
how some systems can be solved by multiplying both equations to find a least common
multiple before eliminating a variable. Finally, the instructor uses a fourth example, 2x +
5y = 11 and 3x + 5y = 14, and explains that subtraction can be used to eliminate a
variable instead of addition. During her explanation of each of these four examples, the
instructor in the NancyPi video explains her thinking and choices in addition to the steps
of the solution process.

Before showing the steps to solve the first example by adding, the instructor
explains both what solving a system means, “It just means to find x and y, the x and y
that work for both equations, that make both equations true,” and why this strategy is
called elimination, “This way of solving is called elimination because we want to
eliminate a variable, get rid of a variable when we try to solve.” During the solution
process the instructor in the NancyPi video shows steps in a similar way to the instructor
in the Khan Academy video. However, the NancyPi instructor includes additional
information and reason to explain her thinking and the mathematical choices she is
making during the solution process. For example, she explains the goal of elimination,
“So we’re looking for a positive and negative version of the same number, like 5 and -5,”

and why this strategy works, “because they will add to zero and eliminate.” Later in the
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video, during the third example, the instructor repeats the goal of elimination, explaining,
“What you’re aiming for is the same coefficient here but opposite sign.” During the third
example, the instructor describes why multiplying one equation will not give you a
number that will make the variable eliminate, stating, “You can check, if you focus on the
x’s. There’s no number you can multiply 3 by to get 5 and same for 4 and 9, since 9 is not
a multiple of 4, 5 is not a multiple of 3, so that won’t work.” The instructor not only
expresses what does not work while solving, but she follows this with another statement
of the goal of the multiplication strategy in mathematical terms by saying, “What you’re
aiming for is the same coefficient here but opposite sign. So really what it is, you can
always use the least common multiple, the LCM.” Throughout the video, the instructor
explains the connections between different parts of the problem and how these pieces fit
together. These explanations present a more conceptual perspective in addition to

showing the procedures needed to solve the examples.

Additional Measures

Additional measures included a pretest of student knowledge about solving
systems of equations and a variation of the Mathematics-Related Beliefs Questionnaire
(MRBQ) (Op’t Eynde & De Corte, 2003). The pretest includes problems that are
designed to test student prior knowledge related to solving systems of equations. Solution
methods included in the pretest are graphing, substitution and elimination. These solution
methods are commonly taught during Algebra I in U.S. schools and are included in the
Common Core State Standards for Mathematics. Problems included in the pretest were
selected from example problems from the Pennsylvania Algebra I Keystone Exam and

the SAT Mathematics section. Additional questions were added to assess student
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understanding of the meaning and reasonableness of answers and solution strategies. For
example, question 2a asks participants to use graphing to solve the system of equations.
Question 2b was added to assess student thinking and asks participants how they know
that their answer for part a is correct. A full version of the pilot study pretest can be found
in Appendix C.

The MRBQ was originally designed to identify student beliefs that make up their
mathematics-related beliefs system (Op’t Eynde & De Corte, 2003). Mathematics-related
beliefs are defined as “the implicitly or explicitly held subjective conceptions students
hold to be true about mathematics education, about themselves as mathematics learners,
and about the mathematics class context” (Op’t Eynde & De Corte, 2003). The MRBQ
was divided into four factors or categories of student beliefs about mathematics. Factor 1
related to the teacher’s role as a facilitator of learning, Factor 2 related to student
competence with mathematics, Factor 3 related to beliefs about mathematics as a social
activity and as it relates to the real world, and Factor 4 related to beliefs about
mathematics as an unchanging subject. De Corte (2015) revised this framework and
identified four factors different factors within the MRBQ. These factors were Factor 1,
beliefs about the significance of and competence in mathematics; Factor 2, beliefs about
the role and functioning of the teacher; Factor 3, beliefs about mathematics as a learnable
subject; and Factor 4 beliefs about mathematics as a functional necessity of school life. In
order to inform my selection of participants, I used the De Corte (2015) version of the
MRBQ as shown in Appendix D. Participant scores on Factor 3, beliefs about

mathematics as learnable subject, was used to select participants for the study, as
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described previously. I posited that this factor may have had the most impact on student

differences in the ways in which students watch mathematics instructional videos.

Data Collection

Participants were asked to attend two one-hour sessions in which they watched
the selected instructional videos and participated in semi-structured interviews. The
second session included watching the NancyP1 video. I decided to have all students watch
the Khan Academy video first because students would be more familiar with this style of
video (Ilioudi et al., 2013). These video watching and interview sessions were audio
recorded. At the beginning of the first session, participants were asked some general
interview questions as follows:

5. How did you like high school math? What was the last high school math course
you took?

6. What were the things that you remembered from the course?

7. Were there any things in the course that really stood out to you?

8. What did you struggle with and what did you find confusing?

These questions were meant to be icebreakers and to help the participants feel
comfortable during the interview process. I also added questions based on their MBRQ
results as follows:

7. s there a particular topic in math that you feel more confident about? Is there a
particular topic in math that you feel less confident about?

8. I noticed on the survey that you believe that you can/can’t get good grades in
math. Do you feel the same way about your ability to do well when solving

systems of equations? Why or why not?
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9. Inoticed on the survey that you believe that you will/will not be able to use what
you learn in math in other courses. Do you feel this way about learning systems of
equations? Why or why not?

10. How confident do you feel about solving systems of equations?

11. Is your confidence level different when using different solution methods, for
example, substitution versus elimination? If so, what do you think makes it
different?

12. I noticed on the survey that you believe that you are not the type to do well in
math. How does this belief relate to your belief in your ability to solve systems of
equations?

During the video watching, participants were instructed to stop the video when they
saw something that caught their attention/interest or when they were confused. When
participants stopped the video, I noted the timestamp on the video and asked them the
following questions:

2. Why did you stop the video? (Attention/interest or confusion)

a. What caught your attention?
OR
b. What was confusing?

3) What do you want to do now? Why is that your choice?

Participants then continued watching the video. This process continued until the end of
the video. Some participants chose not to pause the video.
After the video watching, I asked the participants a series of questions that

included the following:
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4. What did you notice about the video?
5. What did you think was important to take away? Why?
6. What in the video did you notice, but not find valuable? Why?

Subsequently, participants were given a problem similar to the problem in the
video and were asked to solve the problem to the best of their ability.

Participants were asked to return for a second video watching session that
proceeded in a similar fashion. Following the problem solving in the second session |
also asked participants the following interview questions:

8. What does it mean to be good at math? Why?

9. Would you rather watch live math lecture or a math video? Why? What makes
this other one worse?

10. What are some of the things that you do during a math class? Why do you do
those things?

11. What are some ways that you use math in your everyday life?

12. What do you do when you are confused or don’t understand something in math?

What are some things you could do?

13. What do you do when you make mistakes in math? Do mistakes help you to
learn? How (or why not)?
14. Is there anything else you want to tell me?
In addition to the general interview questions, | also asked participants questions specific
to the procedures and mathematics in each video. A list of these questions can be found

in Appendix E.

162



Data Analysis

The goal of the pilot study was to test my methods. Toward this end, I used
thematic coding of transcripts from the two sets of participant interviews. Beginning with
transcriptions of the first interview, I read through each transcription looking for themes
and coding for instances in which students described their attempts at sense-making
during the video watching session. I looked for patterns and themes as I coded the
transcripts in an attempt to hypothesize about the participants’ eframes. I looked for
patterns in these procedures such as multiplying by a negative or distributing a factor
over the entire equation. These patterns were identified as representing a frame related to
mathematical procedures. I then read and coded transcriptions from the second interview
session, again looking for themes and patterns related to the participants’ eframes. If at
any time I found inconsistent evidence between student claims I rejected the original
hypothesis about that participant’s frame and only kept hypotheses that were consistently
supported.

Following this initial coding, I reread the transcripts this time comparing the
initial codes with the differences in the videos based on cognitive design elements.
During this coding, I was looking for themes that were related to the differences in the
videos. For example, a participant remarked that they were distracted when watching a
video in which the instructor was present and that the instructor presence interfered with
their ability to see what was written on the screen. This type of utterance connected the
participant’s sense-making frame with the design of the video and was coded
accordingly. I compared these themes with the initial codes for participants’ eframes to
see if any patterns emerged from the data. Additional comparisons were made between

participant frames and participant prior knowledge of solving systems of equations and
163



participant mathematical beliefs as identified by their scores on the MRBQ. During this
comparison, | was looking for patterns in participant eframes as they related to either
their prior knowledge or mathematical beliefs. Throughout the coding process I remained
open to refining my hypothesis about the eframe of each of the participants and the
relationship between participants’ eframes and other factors. By the end of the pilot study
I had hoped to have several contrasting cases representing the ways in which students
make sense of mathematical instructional videos. However, the cases identified did not
represent new or interesting cases, but rather were similar to prior research related to
mathematics learning in the classroom.

This study was conducted later in the semester than originally planned. Because
of this delay, the topic of solving systems of equations by elimination had already been
covered in the class. When interviewed, the participants referred to ways in which they
would view the video as a first-time learner instead of as a learner themselves. For
example, when asked what he found valuable in the Khan Academy video, Jeff replied,
“He was really explaining why he was doing each step, which is valuable in a sense if |
was learning it for the first time, but since I'm already comfortable with this it's kind of
like a practice problem for me.” In this statement he takes the position of viewing the
video in terms of its value for a first-time learner instead of from his own position as a
learner. Annette also expressed a view of the video as a first-time learner, commenting
that “I guess if you're learning for the first time it's all valuable. For me watching it, I was
like well yeah, cause I've already gone through learning this piece so to me, in general, it
was a great refresher, but it wasn't, did take away anything new from it.” Annette sees

value in the video for students who have not learned this material before, but not for
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herself. Participants were hypothesizing about what they might care about as learners
instead of reporting on actual learning gaps. This perspective made it difficult to identify
sense-making frames and led to coding of participant beliefs instead of frames that
require gaps in learning to be made visible and be identified.

Coding of the data from my six participants revealed cases related to participant
beliefs as shown in Table 2. I determined that these cases did not represent interesting or
new findings in terms of their research value. Findings related to participant beliefs about
mathematics were similar to those identified in prior research. For example, Rebekah and
Tara, Low Level participants, believed that success in mathematics depended on the
teacher. This is similar to beliefs identified by Muis (2004) who found that students
believe that mathematical knowledge comes from an authority figure and not from
themselves, their own logic or reasoning. In both cases, student participants saw the

teacher as the source of mathematics knowledge.
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Table 2

Participant Beliefs from Pilot Study

High Prior Knowledge/High MRBQ Score Middle Prior Low Prior Knowledge/Low MRBQ Score
Knowledge/Middle MRBQ
Score
Jeff Kristen Annette Max Rebekah Tara

Being good at math is about
understanding concepts

Confidence in math comes
from practicing.

Being good at math involves
being able to explain the
steps and where they came
from.

Math is about problem-
solving and understanding
features of problems.

Importance of mathematics
relates to school and doing
well in school

Importance of mathematics
relates to school and doing
well in school

Working ahead of the
instructor when solving
problems keeps you engaged
in learning

Even though math is easy
for her, you can also be good
at it through hard work and
practice

Confidence in math can
grow with experience.

Adequate time to is required
to successfully solve math
problems.

Success in math depends on
the teacher

Success in math depends on
the teacher

It is important to know
multiple ways to solve

It is important for videos to
show multiple ways to solve
problems

I have more confidence with
visual representations like
graphing.

A good video is short with a
simple topic and is used to
review what you already
know

Math is not important
because she is not going to
be a math teacher

Math is not important
because she is not going to
be a math teacher

Describes mathematical
concepts using specific
language, often more
specific than the video
instructor

Describes mathematical
concepts using specific
language, often more
specific than the video
instructor

Being confident in math is
about being able to figure
out and correct mistakes.

Confusing to show too many
different types of solutions
in one video

Inclusion of certain concepts
in the video is important
because you might need it
for a test

Inclusion of certain concepts
in the video is important
because you might need it
for a test

Tries to describe
mathematical concepts using
specific language, often
more specific than the video
instructor, but sometimes
does not use math terms
accurately

Confusing to talk about
different ways to solve

Her explanations are not
very sophisticated and lack
mathematical language and
terminology

Fractions are confusing.
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Following the results of my pilot study, I have determined a need to revise my
methods in order to get a fuller picture of participant framing of the mathematics while
watching instructional videos. The nature of sense-making frames require the learner to
have a gap in understanding in order to necessitate the use of a frame to bridge that gap.
However, the topic of solving systems of equations using elimination may not have
provided enough of a learning gap for the student population used in the pilot study. In
order to gain a fuller picture of the frames students use while watching mathematics
instructional videos, I completed a second study involving more participants and using a

different mathematics topic, completing the square, in the videos used.
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