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Abstract

Teachers play a crucial role in supporting students’ learning. It is crucial to also support
teachers in their teaching. Traditional means to support teachers are highly effective but also
repetitive, not personalized or not scalable, and infrequent. As classrooms become instrumented
with educational technologies, opportunities emerge to provide teachers with feedback through
data from these technologies. A small body of work has started to look at supporting teachers
with data and feedback outside of class to promote reflection. However this work does not
investigate the multiple dimensions of teachers’ data needs and does not explore how data
affects or can support teachers’ goal-setting and behavior change. In this dissertation, I
investigate how technologies can support teachers’ reflection-for-action outside of class, with
data from educational technologies. My aim is to help improve teachers’ practices and support
their long-term behavior change. I initially explore and better understand teachers’ data needs
and design dashboard prototypes based on those needs. I then investigate how those dashboards
affect teachers’ practices and how to best support their reflection-for-action through data and
technology as a first step towards improved practices and behavior change.

In Part 1, I explore teacher data needs in relation to student data. Findings show that teachers
manually generate student data and use it to drive instruction. Based on these findings, I
designed a dashboard and investigated how it affected teachers. The dashboard influenced what
teachers knew about their students, which affected their lesson plan, and in turn guided what
they covered in the class session. I demonstrated that data can affect teacher knowledge, decision
making, and actions in the classroom, thus leading to behavior change.

In Part 2, I explore teacher data needs in relation to their data, design a dashboard that
shares with teachers their own data, and investigate how to support their reflection-for-action
with motivational feedback. Findings showed that teachers are interested in their data and in
how their behaviors affect their students. They reflected on their performance and set goals to
improve. Through proxies for behavior change, they showed their willingness, readiness, and
intentionality for behavior change, an important first step towards improving their practices.
Finally, teachers who received social comparison motivational feedback scored higher in behavior
change proxies compared to teachers who received such feedback through verbal persuasion.

In Part 3, I explore behavior patterns and relationships in teacher and student data. Findings
showed potential for improvement in teacher behaviors and weak to moderate correlations in
teacher and student data, hinting at the value of nonverbal immediacy. In co-design studies with
teachers, I then investigate how to integrate teacher and student data while supporting reflection-
for-action. Findings showed instructors value relationships between teacher and student data,
want to see data in a spatial and temporal form, and are interested in activity information
combined with student engagement. Support for self-efficacy and value helped them assess
performance, set concrete goals and provide actionable suggestions on behaviors to change.

This thesis contributes to research at the intersection of the Learning Sciences and Technologies
and Human-Computer Interaction. I create a better and deeper understanding of teachers’
data needs, their behavior patterns, and of how to support and influence their reflection-for-
action. I create dashboard prototypes based on those needs and provide evidence on how
these dashboards affect teachers’ reflection, goal setting and behavior change. I also provide a
theoretical framework and design guidelines for designers of technologies that share data with
teachers to support reflection-for-action and long term behavior change. Finally, I present a
concrete example of how data can support professionals in their workplace.
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Chapter 1

Introduction

Learning results from what the student does and thinks and only from what the
student does and thinks. The teacher can advance learning only by influencing what
the student does to learn. Herbert A. Simon

Teachers play a crucial role in supporting their students’ learning and education in everyday
activities in the classroom and outside of it. It is crucial therefore to also support teachers
in their day-to-day practices as well as help them work and improve on their teaching, short
term and long term. Traditionally, professional development has been used to provide training
and feedback to teachers, as a way to support and help them improve on their practices. Such
PD has been shown to help improve practices, change behaviors resulting in improved student
learning and achievement in class. While very common and highly effective (i.e., [30, 60, 84, 94,
147, 178, 216, 229, 240], etc.), especially at the K12 level, PD tends to be repetitive and not
personalized (i.e., seminars or workshops) or not scalable and infrequent (i.e., expert classroom
observations) [120, 129]. In addition, at the university level there exists a lack of training and
practice opportunities, altogether leading to instructors learning how to teach on their own and
feeling isolated |68, 112, 113]. There is a gap, a practical need, and an opportunity to make
PD and feedback to instructors more personalized, less repetitive, with opportunities to support
reflection and feedback [30, 118, 194]. In particular, prior work emphasizes that in order to be
able to produce changes in practice and behavior, PD and training must include opportunities
for reflection as well as feedback to instructors [30, 118, 194].

As classrooms become increasingly instrumented with various educational technologies (i.e.,
[26, 235, 255|) and sensors (i.e., [11, 186]), new opportunities emerge to provide teachers with
personalized, scalable and frequent support and feedback. Such technologies could collect and
generate data from the classroom, both on teachers and students. This data can then be shared
to instructors as feedback on their performance as well as their students’ performance and
progress in class. Ultimately, this data feedback has the potential to support teacher reflection-
for-action outside of class (reflection and goal-setting or planning) [106, 140, 194]. Reflection
more in general, and reflection-for-action in particular, are considered an important aspect of
learning and personal growth in the workplace and a first step towards improving practices and
changing long-term behaviors.

Most of the prior work in this domain has mainly focused on technologies that support teachers’
reflection and action in real-time, in the classroom, as they are conducting a class session (i.e.,
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[20, 21, 123]). Also called teaching augmentation tools or orchestration tools, such technologies
aims to extend and complement teachers’ practices during ongoing class activities through data
and feedback. For example, a tool that shared with teachers student learning data helped
teachers better and more proportionally split their time and attention among their students,
resulting in higher student learning gains [21, 122, 123]. While extremely helpful to instructors
to manage their limited time and attention during class time, these real-time tools lead to
temporary, short-term behavior changes. A deeper reflection with a more focused goal setting,
that can lead to improved practices and long term behavior change, needs more time, head
space, bandwidth and less cognitive load on the teachers’ side. Prior literature in professional
development suggests that behavior changes result from continued efforts over time and are part
of a long lasting change in the classroom, which requires small incremental changes over time
(i.e., [55, 195, 211]).

A small but growing body of work has started to look at sharing with teachers data and feedback
outside of the classroom to promote reflection. This practice would allow for more time and
head space for teachers to engage in a deeper reflection, focused goal-setting and planning, with
the ultimate goal of improving practices and long term behavior change (i.e., [55]). For example,
work from Prieto et al. (i.e., [195]) focuses on designing a technology to support data gathering
from the classroom with the aim to support teacher reflection based on everyday evidence. This
work explores what aspects of data from existing classroom technologies would be helpful to
instructors and how to best gather such data and evidence from the classroom while being
unobtrusive and not disruptive to the class session. Similarly, more recent work from Martinez-
Maldonado et al. (i.e., [164]) focuses on collecting data from the classroom and understanding
how this data can be presented in a meaningful form that would be helpful or make sense to
instructors. The work focuses exclusively on collaborative learning environments with the aim to
design interfaces that are most helpful to instructors to support their reflection and to help them
gain insights into their classrooms. Overall, even though this prior work focuses on designing
for supporting teacher reflection, it investigates in a limited context whether teachers even want
or need this data and what data they need. For example, this work tends to focus on a small
number of instructors, often in an artificial or laboratory like setting (i.e., not in the wild).
Further, the work focuses only on student data or only on teacher data. Moreover, even though
this work focuses on supporting reflection, there is a gap on supporting and designing for other
aspects of reflection-for-action outside of class such as how data and technology can affect goal
setting and planning, interest and intentionality in behavior change and further, actual behavior
change in the classroom. This would be the first step to support long term behavior change
in teacher practices. Work from Gerritsen et al. [98, 99| gets closer to this goal by building a
system that provides instructors feedback on measures such as student and instructor talking
times. However, this work focuses exclusively on TAs (Teaching assistants) a population very
different from teachers, with low to no prior experience in teaching or pedagogical training. TAs
potentially are teaching for the first time in their lives and generally have less responsibilities
in a course than an actual instructor. Gerritsen frames TAs as learners and focuses on training
them in teaching through technology that shares with them data and feedback. Even though
this work shows that data affects TAs’ awareness and planning, it does not focus on actual
behavior change or on investigating ways to affect and better support teacher motivation for
reflection-for-action and behavior change, as I do in this dissertation. This work also creates
another gap and an opportunity to investigate instructors, a very different population than TAs
in terms of their experience, motivations and interest in behavior change, for who teaching is
part of their profession and day-to-day activities.
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Ultimately, this prior work creates a gap and an opportunity for research to better understand
and design for teachers’ data needs and to better support and influence teachers’ reflection-
for-action (reflection and goal-setting) and behavior change outside of class, as a first step
towards practice improvement and long term behavior change. My work in this thesis builds
and extends on this growing body of work and aims to fill this gap in the literature. My goal
is to investigate how to support teachers in their reflection-for-action outside of
class, with data from classroom technologies, and help them improve their everyday
teaching practices, as a first step towards long term behavior change. I approach this
work from various perspectives. I initially focus on exploring and understanding teachers’ data
needs in relation to their students’ data, their own data, and a combination of teacher and
student data. I then design dashboard prototypes that meet each of these teachers’ needs.
Finally, I investigate how these data dashboards support and affect teachers’ teaching practices
in the classroom (reflection and awareness, goal-setting and planning, and behavior change and
actions they decide to take in the classroom) and how to best support-reflection for action
through such technologies. I work with a variety of data including student learning and teacher
and student nonverbal immediacy data. Such data is collected and generated by educational
technologies such as Intelligent Tutoring Systems and Instrumented Classrooms. I also focus
the data and dashboard designs on supporting constructs, and investigating which constructs,
that impact teacher motivation for goal-setting and behavior change in the classroom.

This thesis is organized in the following three parts. Below, I present my aims and contributions
for each part of this thesis.

Part 1: Designing a teacher dashboard with student data and exploring how it
affects teaching practices

For this part of the thesis, I had three aims. First, I aimed to explore and better understand
teacher data needs in relation to their student data in the classroom. Second, I aimed to design
a dashboard that meets those needs and shares with teachers their students’ data. Lastly,
my goal was to evaluate this dashboard in a real classroom environment, to investigate how
teachers would use it in their teaching as well as whether and how it would support and affect
their teaching practice. To accomplish those goals I conducted the following three studies.

e Study 1: I followed a user-centered design process (through Contextual Inquiry and
Affinity Diagramming) to investigate what student data is most helpful to teachers and
how teachers use data to adjust and individualize instruction. Findings showed that
teachers generated data, on their own or with the help of a technology, on students’
concept mastery, as well as their misconceptions and errors. Teachers used this data
to drive instruction and remediate issues on an individual and class level. The study
uncovered how data can support teachers in helping students learn and provides a solid
foundation and recommendations for designing a teacher’s dashboard.

e Study 2: Based on the findings from Study 1, I followed a user-centered design process
(through methods such as speed-dating, story boarding and prototyping) to validate and
test ideas and designs to address teachers’ data needs and support their teaching in the
classroom. The final contribution resulted in a high-fidelity dashboard prototype that
shares with teachers data about their students’ performance and progress in an Intelligent
Tutoring System (ITS). The main goal of this dashboard is to support teacher decision-
making and reflection as the teacher prepares for the next lecture, outside of class.

e Study 3: Lastly, I conducted a classroom study with 5 middle school teachers and 17
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classes to investigate how the dashboard affected teachers and students in the classroom.
Findings show that even though teachers generally know their classes well, a dashboard
with analytics can still enhance their knowledge about their students and support their
teaching practices. In addition, results showed that the dashboard influenced what teach-
ers knew about their students’ learning in the ITS and that the teachers’ updated knowl-
edge affected the lesson plan they prepared, which in turn guided what they covered in the
classroom. To the best of my knowledge, this was the first study that demonstrated that
a dashboard can affect teacher knowledge, decision making, and actions in the classroom,
namely, teacher behavior change in the classroom.

Part2: Designing a teacher dashboard with teacher’s own data and exploring how
to support reflection-for-action

Motivated from the findings and what I learned from Part 1, in this part I aimed to explore and
design for teacher data needs in relation to their own data. Much prior work in the literature
focuses on student data. However, to help improve teacher practice it is crucial to support
teachers through their own data as well. In terms of teachers own data, I focused on nonver-
bal behavior data collected by an instrumented classroom to support teachers’ immediacy. In
addition, I wanted to investigate and better understand how to support teachers’ reflection-for-
action outside of class, as a first step towards behavior change. To accomplish these goals, I
conducted the following two studies.

e Study 1: I ran an exploratory and design study with 9 instructors. The study aims to
understand teachers’ values, efficacy, motivations, and interest around teacher immediacy
and nonverbal behavior data. In addition, the study explores how these constructs change
after the teachers see their own nonverbal data and what goals, if any, they set to change
their behaviors in the classroom. Findings show that teachers score quite high but with
room for improvement in relation to various measures of value, efficacy, and motivation.
Teachers showed interest in location and eye contact data about themselves and their
students. They set goals for behaviors they wanted to change and mentioned challenges
they face in using such behaviors in the classroom. The study uncovers how immediacy and
nonverbal data can help teachers in their practices and provides solid recommendations
for designing technologies that support such practices

e Study 2: Based on the findings from Study 1, I created ClassInSight, a high fidelity profes-
sional development training and dashboard prototype that shares with teachers their own
data. I ran a study with 16 instructors aimed at investigating how sharing with teachers
their data affects their reflection-for-action and behavior change intentionality. Further, I
investigated how motivational feedback aimed at increasing self-efficacy affects teachers’
values, efficacies, motivations, goal-setting and their intentionality for behavior change.
Lastly, I aimed to test for consistency, generalizability, and statistical significance of the
findings, compared to Study 1. Findings showed that ClassInSight affected teachers’goal-
setting and intentionality for behavior change. Further, teachers who received motivational
feedback through social comparison score higher in proxies for behavior change compared
to teachers who receive such feedback through verbal persuasion. Finally, results in this
study were consistent with Study 1, and created the opportunity for generalizability and
testing for statistical significance. I discuss the implications of these findings for designing
technologies that best support and motivate teachers’ goal setting and behavior change.

Part3: Towards a teacher dashboard with teacher and student data to support
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teachers’ refection-for-action and behavior change

The findings from the work in Part 1 and Part 2 opened up multiple interesting paths for
investigation in Part 3 of my dissertation work. I decided to focus on the most interesting
directions that also seemed to be the most important to investigate first, based on the knew
knowledge I gained from Part 1 and Part 2. More specifically, in Part 3, I aimed to explore
patterns of behaviors and relationships in teacher and student data as well as investigate how to
integrate teacher and student data while supporting reflection for action. To accomplish these
goals, I conducted the following investigations.

e Investigation 1: I explored and analyzed data collected from 45 courses with an in-
strumented classroom, and generated through human coding or machine learning models.
The aim of this work is to explore patterns of behaviors, in particular with potential for
improvement and relationships among teacher and student data. Findings showed very
interesting patterns in teacher behaviors such as teachers being immobile and spending
the majority of class time in one location, or on average, looking at their students less
than half of class time. Further, I found weak to moderate correlations among teacher and
student behaviors, which hint towards the value and importance of nonverbal immediacy
in the classroom. I discuss the contribution of this work and provide design guidelines for
technologies that share with teachers data from the classroom

e Study 1: Findings from Part 1 and in particular from Part 2 showed that instructors
were interested in both teacher and student data. Based on these findings, I designed for
and investigated multiple dimensions on how to integrate teacher and student data and
how to support teachers’ reflection-for-action. I then conducted co-design studies with
22 instructors which showed that they value relationships between teacher and student
data, in particular causal relationships. Further, they want to see these data integrated
in a spatial and temporal form, and are interested in activity information, in particular
combined with student engagement. In relation to reflection-for-action, support for self-
efficacy such as mastery experience and social comparison, together with support for
value helped instructors assess performance, set concrete goals and provide actionable
suggestions on what behaviors to change in the classroom. These findings provide a solid
foundation and recommendations for researchers and designers who create technologies for
teachers.

Contributions

This thesis contributes to research at the intersection of the Learning Sciences and Technologies
and Human-Computer Interaction. I create a better understanding of teachers’ data needs, both
in relation to their students’ data, their own data, and further in relation to combined teacher
and student data. I also create a deeper understanding of teachers’ and their students’ patterns
of behavior in the classroom and of how to support and influence their reflection-for-action.
Based on this knowledge and teachers’ needs, I design and create dashboard prototypes that
share with teachers student data, teacher data or both types of data combined. I evaluate
these dashboards and provide evidence on how data affects teachers’ reflection, planning, goal
setting and behavior change in the classroom. I also provide a theoretical framework and design
guidelines for designers of technologies that share data with teachers to support reflection-for-
action and long term behavior change. Finally, I present a concrete example, instructors in the
classroom, of how data can support professional training, learning and practice improvement
and behavior change in their workplace.

18



1.1 Structure of the document

This thesis is organized in three parts, Part 1, Part 2 and Part 3. In Part 1, Chapters 3, 4
and 5 describe the three studies that I ran to accomplish the three aims discussed above. In
Part 2, Chapter 6 represents the motivation for conducting the work in Part 2. In addition,
Chapters 7 and 8 represent the two studies that I conducted to accomplish the aims for Part
2, as discussed above. In Part 3, Chapter 9 discusses the motivation for conducting the work
in Part 3. Chapters 10 and 11 represent the two studies aimed at accomplishing the goals for
Part 3. Further, In Chapter 2 I share the related work and literature review and at the end
of the document I have included Appendices with materials from the various studies. Finally,
Chapter 12 provides a summary of the conclusions and contributions of this work, together with
a discussion of future avenues for research and design.
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Chapter 2

Background

2.1 Professional Development for Improving Practice and for Be-
havior Change

2.1.1 Professional Development in General

In 2019, 83 billion U.S. dollars were spent on professional development (PD) and workplace
training in the United States [166]. K-12 teacher professional development alone is reported
to account for 18 billion U.S. dollars annually [202]. Professional Development (PD) involves
ongoing training of a worker in order to improve skills, knowledge, expertise, and competences
[58, 72, 104, 109, 175, 188]. PD may involve courses, programs, or activities that occur in
professional education or in the workplace [72]. PD is required by many professions such as law
enforcement [14], health care [52], pharmacology [205], physiotherapy [188], and coaching [71].
Other fields might not use the term PD while still having a rich literature on their own best
practices (e.g. software engineering).

2.1.2 Professional Development for Teaching

Glatthorn (1995) defines teacher professional development as "the professional growth a teacher
achieves as a result of gaining increased experience and examining his or her teaching sys-
tematically" (|101], p.41). Professional development is considered a way for teachers to learn
and transform their knowledge into practice, with the ultimate goal of supporting and helping
their students’ growth and learning in the classroom [30]. Teacher professional development
can include a range of experiences, mainly and primarily formal experiences such as attending
professional meetings, workshops, seminars, mentoring, expert and peer classroom observations,
teaching consultations by a trained learning professional, microteaching opportunities, etc., as
well as informal experiences such as reading educational and professional resources or publica-
tions, watching documentaries, etc. [16, 47, 51, 61, 97, 223, 240|.

Research on teacher professional development has shown that those activities are important to
help improve teacher cognition, knowledge, beliefs as well as teaching practices and behaviors
(i.e., [30, 60, 84, 94, 147, 178, 216, 229, 240], etc.) In addition, teacher professional development
is considered as one of the main and most important activities for improving student learning
and achievement in the classroom (i.e., [91, 156, 194, 239, 240, 241], etc.) Despite this, prior
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work emphasizes that in order to be able to produce changes in practice and behavior, PD and
training must include opportunities for reflection as well as feedback to instructors [30, 118, 194].

There exist major differences in opportunities and requirements for PD in the United States,
between the K12 and the university level. To begin with, K12 instructors are required to
complete training for teaching before joining the profession. In addition, it is required of them
to continue learning in the workplace by continuously taking part in training and professional
development. Every teacher in K12 participates in some form of training and learning every
year [120]. Many instructors however see this training and PD as repetitive, reinforcing practices
and knowledge they already use or know. Often they report these PD experiences do not have
a major or any effect at all on their instruction [120, 129]. As a result, there is an opportunity
and need in this space, to make PD and training better and more helpful to instructors, by
personalizing and adapting them to teachers’ needs.

On the other hand, the state of PD at the university level is entirely different. Before becoming
a faculty, instructors get little to no training or practice on teaching, with the exception of
any teaching or TAing (teaching assistant) they do as graduate students. Even then, they are
expected to learn about teaching and how to teach on their own [112, 113|, often mirroring
models they have seen practiced by their prior instructors [53|. Faculty report they feel isolated
in this environment [68]. They also think that there is more need for training, and more frequent
training, and that they want to work on and improve their teaching [242]. Similar to the K12
level, there is a need and opportunity to provide more and frequent PD to university instructors.

Lastly, world-class universities, that work hard and put emphasis to teaching quality generally
rely on centers within the university to deliver professional development programs and training
to support teaching [132]. An example of such a center is the Eberly Center for Teaching
Excellence and Educational Innovation at CMU [57]. The mission of the Eberly Center is to
distill and translate research on education, teaching and learning into practice and practical
help to support and help improve instructors’ teaching and students’ learning. Such centers are
invaluable to helping and supporting teachers and their practices. However, with an increase
in demand for teaching help, they might be hard to scale to a larger number of instructors or
across multiple universities [132].

To summarize, professional development is an important part of learning in the workplace, and
it has been traditionally and largely used by many professions. In particular, for teachers, PD
has been shown to help improve practices and change behaviors as well as improve students’
learning and achievement in class. Despite that, literature suggests that there is an opportunity
to improve PD and make it more personalized, less repetitive, and in particular with a stronger
focus on reflection and feedback.

2.2 Reflection for Improving Practices and for Behavior Change

Reflection is a practice that helps turn experience into learning [189] and involves analyzing
actions one takes, together with decisions that they make and the consecutive results [140]. In
relation to the teaching practice, when reflecting, the teacher would take a step back, ponder
and think about the effects of their teaching and the implications of their practices in the class-
room. In many professions, reflection is considered an important source of personal growth and
improvement of future performance, as well as a critical aspect of the success of the professional
at work [59, 181, 189|. In teaching, reflection is considered an integral element of improving
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educational practice [194] as well as an essential component of a teacher’s classroom success
[230, 260]. Research has shown that when teachers engage in reflection, their teaching improves
[85, 105, 209, 230, 243, 260]. Other work has shown the benefits of reflection on teaching, in-
cluding improved understanding and practice of pedagogy [105] and increase of performance

[76, 209].

In his book, "How We think", Dewey (1933) says that "Active, persistent, and careful consid-
eration of any belief or supposed form of knowledge in the light of the grounds that support it,
and the further conclusions to which it tends, constitutes reflective thought" [76]. Developing
on this idea, Schon (1983), in his book "The reflective practitioner", introduces two types of
reflection; reflection-in-action and reflection-on-action [210]. Reflection-in-action is defined as
the reflection that takes place during an action, namely reflecting and thinking in the midst of
action [210]. An example of this would be, as the teacher is conducting a discussion session,
they stop for a moment and ask themselves if they have been actively engaging all students in
class. Reflection-on-action on the other hand, is defined as reflection on practice that happens
after an action has occurred or an event is completed [210]. This type of reflection is more
retrospective, and provides the teacher more bandwidth and head space to more deeply reflect
on their behaviors. An example of reflection-on-action, would be when preparing for the next
lecture, the teacher reflects on how they have been spending their time or attention in class
overall. For both those types of reflection, the focus is reflection and sense making on its own,
without a focus or emphasis on behavior or practice change. The main difference between those
two types of reflections is whether the reflection is happening during class time or afterwards.

To address this lack of focus on changing behaviors and working on improving practices, a new
concept, reflection-for-action was introduced in the literature, which was based and developed on
Schon’s work [106, 140, 194]. Reflection-for-action is a type of reflection that is focused not only
on evaluating, making sense, and becoming aware of what happened, but also on thinking and
planning about actions to take in the future, on how to guide future behaviors, with the ultimate
goal of changing and improving practice (reflection for change [185]). Other literature discussses
the same concept of reflection-for-action, namely reevaluating and exploring experiences, with
the goal of changing understanding and guiding behaviors in the future, without specifically
using the term reflection-for-action [48, 49, 74, 197|. Reflection-for-action can overlap with
either reflection-in-action or reflection-on-action depending on whether the reflection-for-action
is happening as the action is taking place (i.e., as the teacher is teaching in class) or if it is
happening after the event or actions are complete. An example of the latter would be when, as
the teacher is preparing for the next class, they reflect on what happened in the previous class
and plan what to do during the next lesson [86].

To summarize, reflection is considered as an important aspect of learning and personal growth
in the workplace. In particular, reflection-for-action focuses specifically on supporting behavior
change and improving practices, both for teachers and for professionals more in general. For
teachers specifically, there is an opportunity to employ reflection-for-action outside of class, as
the teacher is preparing for the new lecture, as a way to promote a deeper reflection and focused
goal-setting, with the ultimate goal of improving practices and changing behaviors in the long
term.
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2.3 Feedback for Behavior Change

2.3.1 Importance of Feedback

Feedback is considered essential to learning and to behavior change in various contexts and
professions (for example, in the medical professions [65, 93, 133|. Feedback influences behaviors,
and is critical for learning and motivation [130].

In the domain of learning and education, there are hundreds of research studies and metareviews
on the topic of feedback and learning, in particular on feedback for students. Feedback is
considered crucial to improving knowledge, skill acquisition, learning, and performance (some
of the many examples of this literature include [19, 31, 41, 42, 43, 66, 83, 87, 130, 141, 142, 145,
179, 193], etc.). Feedback is also considered as a significant factor in helping and supporting
motivation for learning (i.e., [146, 182], etc.). Moreover, literature suggests that there are
many elements that need to be considered when creating feedback, in order to assure that this
feedback is good and will help improve learning and behavior change. This includes the timing
and frequency of the feedback, the source or agent giving feedback, the content of the feedback
(i.e., where the learner is currently and what they need to do to improve) and the clarity and
specificity of feedback [19, 103, 218|.

Similar to other professions and contexts, for instructors, feedback is considered essential to
changing their knowledge and attitudes and to monitoring and improving their performance
and practice in the classroom [67, 90, 103, 115|. Literature shows that when teachers are pro-
vided with feedback, they change their behaviors and make significant changes in their teaching
practices [118, 171, 224]. In particular, faculty at the university level report they need more
meaningful instructional feedback [103, 207]. Currently, most of the feedback instructors get
comes either from data of student evaluations [103, 137, 153], or from occasional expert or peer
teaching observations [103, 215]. Both those methods for providing feedback have limitations,
including lack of clarity and specific ways to improve (for student evaluations) or infrequency
and challenges with scalability (classroom observations).

To summarize, literature strongly supports feedback as a way to help improve practice and
change behaviors, for various professions and domains, including teaching and instructors. How-
ever, there seems to be a gap in the type and frequency of feedback instructors currently get.
This creates an opportunity to provide instructors with more meaningful, personalized, and
more frequent feedback, in particular through data collected in the classroom.

2.3.2 Data as Feedback: Personal Informatics for Lifestyle Behavior Change

Data has been used to support behavior change in various aspects of lifestyle. Specifically, the
field of PI (Personal Informatics) investigates and advances sociotechnical systems that help
people build an awareness of their own invisible behaviors in support of lifestyle and behavior
change [148|. Research on PI has investigated a number of lifestyle behaviors including health
and wellness [149], sustainability [96], spending and finances [82], and productivity [62]. Re-
searchers generated a five-stage model to explain how PI works [148]: Preparation, Collection,
Integration, Reflection, and Action. Research shows that showing people visualizations of their
own actions is not enough to produce behavior change. For PI to work, users must engage in
all stages including the last two: reflecting on the pattern of behaviors they want to impact and
then taking action to effectively change those behaviors.
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This prior work emphasizes both the importance of data as feedback for behavior change as well
as the importance of reflection, goal-setting and action taking as a first step towards changing
behaviors.

2.3.3 Data as Feedback: Professional Informatics for Workplace Behavior
Change

Building on the PI research and work, there is an opportunity for data to be used as feedback for
professionals, with the purpose to support and improve their practices, and ultimately lead to
behavior change. Some recent work shows one-off examples of this idea of PI for professionals.
Researchers noted that therapists rarely receive detailed feedback once they leave school, and
neither the therapist nor the patient can tell what’s working. They developed a system that
monitors and classifies therapists’ behaviors and provides them feedback on their actions [121].
Similarly, medical students do not receive enough training on clinical communication skills,
which impacts the health outcomes of their patients. Researchers developed a system that
allows medical students to practice communicating with patients. It then provides them with
feedback to improve their communication skills [150]. Specifically to the teaching domain, other
work investigated how PI in combination with an instrumented classroom and a training system
on discursive teaching techniques can help teaching assistants (TAs) at universities [99]. The
system provides feedback on student and TA talking times and it provides measures showing if
student talk and participation increase.

The work on PI discussed above, as well as this recent literature on PI for professionals opens up
a new space and creates an opportunity for data to be used as feedback, or as part of feedback,
to improve practices and help behavior change.

2.3.4 Data as Feedback for Instructors
Real-time Feedback During Class

A large body of work has focused on providing teachers data and feedback in real-time, during
ongoing classroom activities, as the teacher is teaching a class session (i.e., [20, 21, 73, 123, 139,
177]). Often those tools that provide data and feedback to teachers are also called real-time
teacher awareness tools or classroom orchestration tools (i.e., [12, 18, 77, 78, 122, 159, 165,
225, 234, 237|). The main focus of such tools has been to support teachers’ reflection-in-action
by augmenting teachers’ awareness and reflection during class or supporting their monitoring of
various classroom activities, by presenting them data and analytics on their students’ knowledge
and performance during class (i.e., [135, 203, 203, 225]). Some work has focused on supporting
teachers’ reflection-for-action during class, including planning and decision-making to better
help them allocate time and attention across students, in the face of limited time and resources
(i.e., [18, 21, 73, 78, 124, 159, 183, 187, 225, 237, 245]). Lastly, real-time tools have also been
designed to support teachers in their PD and real-time coaching [127, 208, 232].

Prior work has shown that using real-time awareness tools can affect teacher practices as they
are conducting a class session or learning activity. For example, a tool that shows teachers
data about student learning helped teachers to better and more proportionally split their time
and attention among their students, resulting in higher student learning gains [21, 122, 123].
Similarly, other work has shown to enhance teachers’ reflection-in-action, by planning whom
to help next during class or how much time to spend with each student [20]. While extremely
useful to instructors to manage their cognitive load and limited resources during class time,
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these real-time tools lead to temporary, short-term behavior changes. A deeper reflection, that
can lead to improved practices and long term behavior change, needs more time, head space
and bandwidth on the teachers’ side.

Outside of Class Feedback

A small but growing body of work has started to look at sharing with teachers data and feedback
outside of the classroom to promote reflection. This practice would allow for more time and
head space for teachers to engage in a deeper reflection, focused goal-setting and planning, with
the ultimate goal of improving practices and long term behavior change (i.e., [55]). Prieto et
al. (i.e., [195]) focuses on designing a technology to support data gathering from the classroom
with the aim to support teacher reflection based on everyday evidence. This work explores
what aspects of data from existing classroom technologies would be helpful to instructors and
how to best gather such data and evidence from the classroom while being unobtrusive and
not disruptive to the class session. Similarly, more recent work from Martinez-Maldonado et
al. (i.e., [162, 164|) focuses on collecting data from the classroom and understanding how this
data can be presented in a meaningful form that would be helpful or make sense to instructors.
The work focuses exclusively on collaborative learning environments with the aim to design
interfaces that are most helpful to instructors to support their reflection and to help them gain
insights into their classrooms. Finally, work from Gerritsen et al. |98, 99| builds a system that
provides instructors feedback on measures such as student and instructor talking times. This
work focuses exclusively on TAs (Teaching assistants) a population very different from teachers,
with low to no prior experience in teaching or pedagogical training. TAs potentially are teaching
for the first time in their lives and generally have less responsibilities in a course than an actual
instructors. Gerritsen frames TAs as learners and focuses on training them in teaching through
technology that shares with them data and feedback.

While this prior work takes a step forward designing for and supporting teacher reflection with
data outside of class, the limitations in the dimensions and context of their exploration (i.e.,
not considering all the potential dimensions of design, only focusing on a handful of instructors,
studying classrooms in specific contexts, not in the wild, focusing only on TAs, a very different
population than instructors in terms of experience, motivations and interest in improving prac-
tice, etc.) A better and deeper understanding of teachers’ data wants and needs is necessary,
outside of the restricted context of what data technology can currently provide. Further, with
the exception of the work from Gerritsen et al., none of this prior work studies goal-setting.
Finally, more research is needed to better investigate how data supports interest in behavior
change or actual behavior change in the classroom as well as how to affect or influence teachers’
motivation for reflection-for-action and behavior change, as I do in this dissertation.

2.4 Technology in the classroom

2.4.1 Intelligent Tutoring Systems

ITSs are an advanced learning technology that provides detailed, step-by-step guidance to stu-
dents during complex problem-solving practice, while being adaptive to student differences
[26, 235, 255]. A number of meta-reviews show that ITS can enhance student learning in
actual classrooms, compared to other forms of learning technologies or classroom instruction
[144, 157, 220, 221, 236].

ITSs typically generate and collect a wealth of data about student learning, such as the skills a
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student has mastered and not mastered, any misconceptions and common errors they have, the
time it took the student to complete certain activities, the progress through the activities and
curriculum, etc. In addition, ITSs typically generate and maintain a student model [46].

However, relatively little effort has been expended to investigate how this data can best be
leveraged to help and support teachers in the classroom [256, 257, 258]. In particular, ITSs are
rarely designed to support teachers, who might greatly influence student learning with an ITS.
For instance, when many students in a class are learning a particular skill as they are working
with the ITS, a dashboard could let the teacher know about this situation, and the teacher
could include in their lesson plan and actual lesson, specific steps to address the challenge.
More generally, by showing teachers data on their students’ progress and performance, it could
help make “the invisible visible” for teachers by displaying aggregated, up-to-date information
about their students. Based on this information, teachers could provide help to their students
beyond what the I'TS can provide.

2.4.2 Classroom Sensing Systems

Instrumented or smart classrooms are classrooms that have been enhanced with various sensors
(i.e., |11, 186, 195, 217, 226]. These sensors may be embedded in the physical classroom and
the furniture in class, allowing for collection and generation of data both from teachers and
students. Examples of such sensors include adding buttons or touchscreens to student desks
or using systems like "clickers" [10, 80, 89|, equipping chairs with pressure sensors to detect
various levels of student engagement in class |27, 180| as well as introducing technologies such
as QR Codes [70] or ARTags [174] to allow for audience polling. Other work has focused on
instrumenting the teachers and students themselves with various wearable technologies and
devices. Examples include eye trackers [195|, wrist-based sensors [192], electroencephalography
headsets [114], microphones [79], accelerometers [195], etc.

A more recent and cutting edge, unobtrusive and non-invasive technology involves instrumenting
the classroom with sensors such as microphones and cameras that are remotely controlled.
This allows for the collection of audio and video data from class, which then get processed
using Machine Learning and various algorithms to detect speech patterns and various behaviors
and movements, both on students and teachers, during class [11]. This kind of instrumented
classroom allows for automated collection and more frequent generation of various data and
analytics, that can then easily be presented back to the teachers.

To summarize, these ongoing advances in instrumented classrooms imply that in the near future,
many classrooms might be instrumented allowing for effective and automated data collection.
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Part 1: Designing a teacher dashboard with
student data and exploring how it affects teach-
ing practices
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Chapter 3

How teachers use data to help students
learn

This chapter is based in part on the following publications:

e [256] Xhakaj, F., Aleven, V., McLaren, B.M. (2016). How teachers use data to help
students learn: Contextual Inquiry for the design of a dashboard. In K. Verbert, M.
Sharples, T. Klobuc¢ar (Eds.), Proceedings of the 11th European Conference on Technology
Enhanced Learning, EC-TEL 2016, (pp. 340-354). Springer International Publishing
Switzerland.

Abstract: Little research has investigated what role teachers can play in their students’ learn-
ing, if empowered with data and how this data can support teachers’ teaching and help improve
their teaching practices. Many educational technologies, such as ITSs, provide such data to
teachers in the form of student performance reports. However, these reports may not be de-
signed to serve teachers’ needs well. In this study, I investigated what student data is most
helpful to teachers and how teachers use data to adjust and individualize instruction. Specifi-
cally, I follow a user-centered design practice; I conducted Contextual Inquiry interviews with
teachers and used Interpretation Sessions and Affinity Diagramming to analyze the interviews.
I found that, when technology is not there, teachers generate data on students’ concept mas-
tery, misconceptions and errors. When educational technologies or other software is available,
teachers make use of the data and reports provided by such technologies. In either case, teach-
ers use data to drive instruction and remediate issues on an individual and class level. In this
chapter I investigate how data can support teachers in helping students learn and in helping
them improve their teaching practices. I provide a solid foundation and recommendations for
designing a teacher’s dashboard that provides teachers with data on their students’ performance
and learning.

3.1 Introduction

It is reasonable to assume that the large amount of student interaction data that is routinely
collected by educational technologies in the classroom can be helpful to teachers, when presented
in a concise and actionable format such as in a dashboard form. It might inform various teaching
practices and key decisions that teachers make, such as deciding the focus of discussion for a
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class lecture or identifying students who need one-on-one attention, with potentially a positive
effect on student learning. Dashboards that present student data have been designed for a large
variety of educational technologies such as multi-tabletop learning [158], collaborative learning
in digital learning environments [170, 233], web-based distance courses [167], online courses
[155], Intelligent Tutoring Systems [117], etc. The use of student data for instructional decision-
making is not restricted to educational technologies only. For example, mastery learning, a
highly effective data-driven instructional method, can be implemented without technology [143].
In 2009, the Institute for Education Sciences (IES, part of the U.S. Department of Education)
published a practice guide with recommendations for teachers on how to use data to inform
instruction [111]. The IES Practice Guide points out, however, that there is limited scientific
evidence that data-driven classroom practices actually improve educational outcomes, indicating
a need for more research.

A very small number of studies suggest that a teacher dashboard that presents teachers with
student data can lead to improvements in students’ learning outcomes. In one such study, the
data-driven redesign of a statistics course yielded improved student learning in half the time
[155]. A dashboard was one novel component of the redesigned course, but there were other
changes as well, so the improvement cannot be attributed solely to the dashboard. In another
study, Kelly et al. (2013) found positive effects of teacher reports in a web-based tutoring system
for middle school mathematics [138].

My aim in Part 1 of this thesis was to investigate teacher data needs and create tools that
would share with teachers data on their students’ performance and learning in class and study
how data presented in such tools affects teaching practices. Specifically, I aimed to create a
dashboard for middle and high school teachers. The dashboard would share with teachers data
on their students’ performance in an Intelligent Tutoring System (ITS). ITSs are an advanced
learning technology that provides detailed guidance to students during complex problem-solving
practice, while being adaptive to student differences [26, 235, 255]. A number of meta-reviews
indicate that I'TS can enhance student learning in actual classrooms, compared to other forms
of instruction [144, 157, 220, 221, 236]. Although ITSs typically produce a wealth of data about
student learning, relatively little effort has been expended to investigate how this data can best
be leveraged to help teachers help their students. Much more research has focused on how this
information can be presented to students (e.g., in the form of an open learner model [54]).

A central assumption in my work is that in order to design an effective dashboard, it helps
to understand how teachers use data about students’ performance and learning in their day-
to-day practices and pedagogical decision-making. Therefore, I started off studying teachers’
use of data using Contextual Inquiry (CI), a method often used in user-centered design [126].
CI is a technique that allows for data collection in the users’ normal work environment to
capture in-context detailed information about their practice. Compared to other methods such
as participatory design, CI has the advantage that it allows for discovering tacit knowledge
from users, which is knowledge that the users are not consciously aware of themselves but use
in their day-to-day practice. Although the use of user-centered design methods for dashboard
design is quite common, to the best of my knowledge, I am unaware of prior studies that
investigate teacher data needs through Contextual Inquiry, as I do in the current work. Some
prior studies involved teachers as part of a user-driven design process that included interviews,
prototypes and empirical evaluations of dashboard designs [158], surveys conducted to determine
the information instructors may need [167], questionnaires used to evaluate and iterate on
the features of a learning analytics tool for a web-based learning environment [15], or semi-

29



structured interviews as part of the developing process of a web-based learning analytics tool
with a dashboard component [33]. Another study applied participatory design and other design
methods to create a dashboard for an educational game app [9]. Other studies do not mention
teachers as part of the dashboard design, do not report on the methods used to interpret and
select the data, or use theoretical work and previous literature to determine the appropriate
design [136, 231, 233].

In this chapter, I describe how I used Contextual Inquiry to better understand (1) what student
data teachers need to be effective and (2) how teachers use data to inform and adjust their
instruction. The findings and results of this study will inform the design of a teacher’s dashboard
in an I'TS environment that will support and help improve teachers’ teaching in the classroom.

3.2 Methodology

3.2.1 Contextual Inquiry on Teacher Practices

I conducted Contextual Inquiry interviews to study teacher practices in using student data
to adjust or individualize instruction. Contextual Inquiry is a user-centered design process,
part of the Contextual Design method [126]. Contextual Inquiry is widely used to gather
field data from users with the aim of understanding who the users are and how they work in
their day-to-day basis. During a Contextual Inquiry interview, the researcher meets one-on-
one with the participant and observes the participant conduct one of their daily activities in
the participant’s workplace. In this process, the researcher is considered to take up the role
of an “apprentice” and the participant takes on the role of the “master.” The researcher does
not actively interview the participant with a set of pre-determined questions; rather, she or he
observes the participant conduct one of the daily activities or normal tasks. The researcher
asks questions occasionally to clarify and understand what and why the participant is doing
something. Contextual Inquiry allows gathering of detailed and highly reliable information. It
can reveal knowledge and information about the user’s work that they themselves are unaware
of.

I recruited teachers from various schools that had previously participated in studies with Carnegie
Mellon University. I also requested assistance from Carnegie Learning to recruit teachers who
currently use the Carnegie Learning (CL) tutor [1], a mathematics Cognitive Tutor — Cognitive
Tutors are a type of ITS grounded in cognitive theory [26] — for grades 6-12 (Figure 3-1). I
ran Contextual Inquiry interviews with 6 teachers from 3 different schools in the area, namely,
4 middle-school teachers from a suburban, medium-achieving school (2 male and 2 female), 1
female high-school teacher from an urban, low-achieving school, and 1 female middle-school
teacher from a suburban, medium-achieving school. Out of the teachers I interviewed, 2 teach-
ers had used the CL tutor before in their classrooms and 1 teacher was using it currently.
In addition, 2 other teachers had used in previous years other ITSs as part of various short-
term studies from Carnegie Mellon University. Lastly, all teachers used digital grade books or
other technology in their classrooms. Thus, the teachers who participated in the study exhibit
substantial variability regarding important variables such as whether they work in high versus
low-performing districts, whether they have experience with an ITS versus not, as well as the
methods they devised themselves for using student data to guide their teaching, and their use
of technology in their classrooms.

The focus of the Contextual Inquiry interviews was to observe the teacher in how and what

30



Figure 3-1: Teacher during a Contextual Inquiry interview working on her laptop and smart
screen with an I'TS report.

data they generated on their students’ performance (from materials such as exams, quizzes,
assignments, etc.), and how they used this data to drive instruction and prepare for a class.
After the Contextual Inquiry interview, I observed the teacher conduct the class they prepared
for. During this process I silently observed in the classroom and followed up with an interview
with the teacher with questions regarding the classroom observation. Due to constraints in the
teachers’ schedules, with some of the teachers I conducted the Contextual Inquiry interviews
after doing a classroom observation, and then followed with an interview with the teacher with
follow-up questions. With two of the teachers who participated in this study, I conducted
Contextual Inquiry interviews on one teacher’s previous use and another’s current use of the
reports generated by the CL tutor. These teachers reported that they used the CL tutor 2 days
during the week, while the other 3 days they would have lectures in the classroom, outside the
tutor environment. Lastly, I observed teachers’ use of reports and other technology or software
in the classroom. The Contextual Inquiry interviews were video recorded and resulted in a total
of approximately 11.5 h of recording.

3.2.2 Analysis with Interpretation Sessions and Affinity Diagramming

The video recordings of the Contextual Inquiry interviews were transcribed to text. I, together
with a Master’s student, worked through the transcriptions to analyze and synthesize the data
from the transcribed interviews. Two standard techniques from Contextual Design were used:
Interpretation Sessions and Affinity Diagramming. Interpretation Sessions are team-based tasks
aimed to create a shared understanding of the collected data by recording on post-it notes,
simple observations and key issues and insights from the interviews of each participant. Affinity
Diagramming is a widely-used method that aims to discover patterns that define the whole
population by grouping and organizing the post-it notes based on content similarity into a
hierarchy that reveals common issues and themes [126].

From 11.5 h of transcribed video interviews, I conducted several Interpretation Sessions, during
which I walked through the transcribed video interviews for each participant and created post-
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Figure 3-2: Partial view of the final Affinity Diagram.

it notes. I gathered approximately 2000 yellow notes, as illustrated in Figure 3-2 (the two
rows from the bottom). I initially followed the traditional Interpretation Session approach and
recorded the observations in physical post-it notes (Figure 3-3). Given the large amount of
interview data I had collected, I decided to instead store the notes electronically in a Google
Spreadsheet. I also approached the Affinity Diagramming in a traditional way first, namely, by
using printed copies of the digital notes and organizing them on large sheets of paper (Figure
3-4). However, given the large number of notes, I resorted to creating and keeping the Affinity
Diagram in a Google Spreadsheet as well, as shown in Figure 3-2.

I organized the yellow notes into categories based on patterns I identified and similarities in
their content. Following the Affinity Diagramming technique, for each category, I recorded the
synthesized content of all the yellow notes within the blue categories (third row from the top in
Figure 3-2). I then grouped together blue categories based on similarity of content and recorded
the information they conveyed within the pink categories (second row from the top in Figure
3-2). Lastly, I grouped pink categories and synthesized their content within the green categories
(first row from the top in Figure 3-2). The final Affinity Diagram had 335 blue level categories
(with 1-2 up to 12-14 yellow notes per category), 81 pink and 33 green level ones.

Based on the initial focus of the Contextual Inquiry interviews, namely how and what data
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Figure 3-3: Approximately 2000 physical notes generated from the Interpretation Sessions.

teachers generate about their students’ performance, and how they use this data to drive in-
struction and prepare for a class, I focused on the categories of the Affinity Diagram that
contained the most important information relevant to this focus. I initially went through the
final Affinity Diagram and selected the blue, pink and green categories that contained such in-
formation. I then recorded in two lists — what data teachers generate and how they use this data
— a summary of the selected categories, in the form of short sentences and keywords. Each of
the lists individually was then synthesized based on similarities in content, and the final results
are presented in the following section.

3.3 Findings

3.3.1 What Data Do Teachers Use to Help Students?

From the Contextual Inquiry interviews, I found that teachers continuously generate and use
data on the progress and performance of their students. They also use data generated by
technology such as the CL tutor or other software they use as part of their classroom instruction.

Teachers gather data when grading written student assignments, as well as by having one-on-one
interactions with students during or outside of class. In particular, teachers pay attention to
whether the overall class or individual students have mastered particular concepts. A concept
can be an entire problem that exercises a skill (e.g., finding the greatest common denominator)
or one of the steps that leads to the solution of the problem (e.g., graphing the direction of
an inequality in the number line as part of graphing the inequality itself on the number line).
In addition, teachers try to understand, on a class and individual student level, what causes
students the most trouble, i.e., what are the most common misconceptions and errors.

Data provided by technology includes reports and analytics on student progress and performance
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Figure 3-4: The first try at a physical Affinity Diagram.

in the CL tutor or in other software used by the teachers. For example, among the many reports
that are offered by this tutor, the teachers I interviewed made most use of the reports that give
information on the overall class performance and on the individual student performance in
the tutor. Teachers also pay attention to the number of skills students have mastered or not
mastered and, less frequently, to time spent working in the tutor.

I also found that teachers use many different ways to record, keep track and organize student
data. Some data gets initially recorded on paper and then is transferred to software. For
example, some teachers recorded and kept grades in a paper grade book before transferring that
information to a digital grade book. Other data on student performance is initially generated
through software (such as CL tutor reports or other software reports), and the teacher prints
and stores it offline. It is challenging for the teachers to keep track of and integrate both offline
and online data.

Some (though not all) of the teachers I interviewed kept track of student errors and miscon-
ceptions at a surprising level of detail, as illustrated in Figure 3-5. In the tally sheet on the
left of Figure 3-5, a teacher keeps track of the frequency of particular misconceptions (shown in
columns) for each problem in an assignment (shown in rows). As the teacher describes, “I will
go through each problem and will start writing down where they made their errors. And I will
just put tallies. And where I see different things I make sure I circle them so I can focus there
whenever [ am reviewing that”, referring to the misconceptions that most students had and thus
should be discussed with that class. In addition, the teacher writes, at the top right of the
tally sheet (covered), the name(s) of the student(s) who had the most trouble with a particular
concept or concepts. To be consistent across periods, the teacher initially grades all tests or
exams for each period and then creates the tally sheet template from the first period, copying
it to the tally sheet for other periods. The teacher finishes tallying the sheet for one period
before they move on to the next period. If the teacher notices a different or miscategorized
misconception in another period, they go back and correct the tallies for that misconception in
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Figure 3-5: Tally sheet from teacher 1 and teacher 2. Student identifiers have been removed.

Another teacher I interviewed uses the tally sheet on the right of Figure 3-5 to tally students who
got a problem (or parts of a problem) wrong in an assignment. Each problem in this particular
assignment represented a high level concept (for example, exercise 1 was related to solving two
inequalities, while exercise 2 asked students to explain the steps to those solutions). For some
exercises, the teacher also notes in the tally sheet the reasons the students made the mistakes
(for example, careless mistakes or not answering both parts of the question). Lastly, the teacher
writes down the names of the students who they want to call on in class (represented by student
1, 2 and student 3, 4 in Figure 3-5).

3.3.2 How Do Teachers Use Data to Adjust and Drive Instruction?

I found that teachers use data to drive and adjust their instruction in many ways. Most of
the teachers differentiate how they use data and tune the level of detail to determine whether
the best remedy is a classroom intervention or individual, one-on-one sessions with particular
students.

Class-Level Decisions

Decide to Move on to the Next Topic and Build on Current Concepts. After generating
data on the overall class performance in an assignment or test, the teacher analyzes it to assess
the current status of the class and to decide whether to move on to the next topic. If, in the
teacher’s judgment, the majority of the class has mastered a concept or a set of concepts, the
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teacher decides to move on with the instruction and build on the current concept(s). As one
teacher describes, “there’s times where I'm like ‘Ok if they don’t know this, I have to start here.
But if they do know it, I can start here,” in a different position.”

Determine that the Class Needs Intervention. The teacher notices when many students
have not mastered certain concept(s), or when there are many different errors and issues in an
assignment. The teacher decides to intervene and devote more time and attention in class to
specific concepts, misconceptions or errors to help students remedy their issues.

Identify the Focus of Intervention. Based on the number of students who have not mastered
the concept(s), or have misconceptions and errors, the teacher determines what is important
to cover during a class lecture. The teacher can also create worksheets with exercises to allow
students to practice the concepts they are missing or having the most trouble with.

Plan What to Discuss and Cover in Each Period. The teacher compares performance
on an assignment across periods and adapts instruction (or what to cover in class) based on
that period’s performance. Sometimes the teacher covers only the topics that a period has the
most trouble with; in other cases, the teacher might decide to discuss issues noticed from other
periods in every class period.

Display in Class Reports or Analytics from Software. As students were working with the
CL tutor, one teacher displayed anonymized class performance reports in front of the classroom,
on a smart screen. The teacher aimed to support the students’ learning and progress by seeing
where they were compared to the other students in the class. In addition, displaying the report
in class helped the teacher monitor the students’ progress as the teacher walked around the
class, while students were working with the tutor. The same teacher also displayed on the smart
screen class analytics on students’ performance generated from other software.

Individual and Group Level Decisions

Decide Which Individual Students or Group of Students Need Special Attention.
The teacher identifies from the generated data individual students who have an issue with one
or more concepts, have displayed the same misconception or error repeatedly, or are spending
a lot of time but making little progress. The teacher records the individual students’ names to
work one-on-one with them. If the teacher notices that a group of students are having similar
issues, the teacher might decide to work with them as a group.

Determine the Focus of Intervention. If the teacher does not know the reason why a student
is having an issue, they spend time with that student trying to understand their problem(s).
The teacher determines the focus of a mini-lecture or extra practice to help the student fix the
issue and master the concept(s). The teacher will also call on the student during class time to
prompt them to participate in discussion or problem solving for the concept(s) they are having
trouble with. For groups of students, the teacher can decide to do a mini-lecture, or give practice
worksheets, by differentiating intervention as to which student has to work with which exercise
in the worksheet, based on individual issues identified.

Show and Give Students Software Reports. The teacher periodically shows, prints and
gives students reports on their progress and performance over a given time period, in the CL
tutor or other software used in the classroom. The teacher uses the data from these reports to
update the students on their progress, what they still need to do, and what their grade is.

36



3.4 Breakdowns in Current Teacher Practices

The interviews with the teachers, as well as the data analysis emerged patterns of breakdowns
in the current teacher practices of generating and using data. Similarly, the interviews showed
that the technology that some teachers use in the classroom is not always helpful, and can be
inefficient.

Teacher Adapts to Technology, Technology Does not Adapt to Teacher. The CL
tutor and other software provide more student data and reports than the teacher needs and can
process. The teacher is selective in choosing among the provided reports, choosing only the data
that is most useful to them. In addition, none of the technologies I observed provide data about
misconceptions or student growth, which are hard to generate by hand. For example, one teacher
used the Pennsylvania Value Added Assessment System to see students’ growth from year to
year. However, the teacher could use such reports only once per year, making it impossible to
intervene in classes that the teacher would not be assigned to teach anymore. Another teacher
said this about CL reports: “It would actually be very useful [to see errors and misconceptions|
because ... a lot of these reports I don’t use frequently because it’s not necessarily giving me
what I need to know.”

Generating Data is Time Consuming and Effortful. From grading student assignments
to interacting with students on a class or individual level during and outside of class, the teacher
continuously generates data on students. The teacher also spends time and effort in analyzing
and drawing conclusions based on data from different sources, while differentiating the level of
detail and instruction for the class or for individual students.

Organizing, Integrating and Remembering Data from Different Sources is Challeng-
ing. It takes time and effort to integrate data generated on paper with data from reports of
tutors or other software. For example one teacher printed CL tutor reports and other software
reports and organized them in a binder (Figure 3-6). This teacher also put post-it notes on the
binder and wrote things to remember on the printed reports, or highlighted in color particular
students. Even without technology, I noticed that teachers integrate student data from differ-
ent assignments and interactions with the students and, most of the time, keep track of this
information in their heads.

Creating Materials for Intervention is Difficult. The teacher has to spend time and
effort to create or find the necessary materials for a mini-lecture or problems and exercises for a
practice worksheet. One teacher used various online sites to find and give problems to students
to practice for standardized tests. Another teacher looked for individual exercises the student
got wrong in the CL tutor, to print and give it to the student to complete on paper.

3.5 Opportunities and Design Implications

From the Contextual Inquiry interviews and findings, I identified opportunities for a technology,
such as a dashboard that provides teachers their students’ data, to address current breakdowns.

Automate Processes the Teacher Does by Hand. The detailed information on student
mastery of concepts, performance and progress that teachers generate themselves can be pro-
vided by technology. This would save teachers time, effort and attention that can be used to
help students in other ways.
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Figure 3-6: Teacher prints and stores reports from CL tutor and other software in a binder
offline. Student names and identifiers have been covered.

Adapt to Teacher Data Needs. To be useful to the teacher, a new technology should provide
data the teacher most needs in their instruction. This includes data that are difficult to generate
by hand and that tutors or other software do not provide currently, but could provide, such as
student misconceptions and growth over given periods of time, on the individual and class level.

Help the Teacher Integrate Data from Different Sources. Instead of the teacher having
to remember and coordinate data they generate themselves from different assignments and data
provided by tutors or other software, technology can help the teacher easily keep track of and
manage this data.

Suggest Materials for Intervention. Teachers can receive suggestions from technology on
materials and exercises to go over with students (individually or as a class), based on their
performance with a topic. In addition, technology can create worksheets and assessments for
the teacher by differentiating on the class or individual student performance. Technology should
allow the teacher to access the problem or problems the student(s) got wrong and reassign it
(or them) to the student(s).

Provide Data on Hint Requests and Student Errors. One teacher who used the CL
tutor mentioned that they occasionally used the average hints and errors in the tutor reports to
identify students who are goofing off or rushing through the problems, versus those who really
need help. Hints and errors are important analytics that can help the teacher understand the
performance of their students, and identify the need for intervention, while working with the
tutor.
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3.5.1 Towards the Design of a Teacher Dashboard with Students’ Data

In a classroom that uses educational technologies such as I'TSs, where a lot of student data is
produced by the technology, a dashboard can provide the teacher with the necessary analytics
and functionality to help them help their students learn better. Based on the findings of how
teachers use data to drive instruction and help students on the class and individual student level,
I have brainstormed and designed preliminary scenarios where a dashboard can be integrated
in an I'TS environment and help the teacher in this process. In the next Chapter of this thesis,
I will cover in detail how these findings guided the design of a teacher dashboard that presents
teachers with student data.

Teacher Dashboard for the Class Level. Teachers could use this dashboard when preparing
for the next lecture and deciding whether to move on to the next topic. In addition, the data
provided by this dashboard would help the teachers identify the need for intervention by giving
information on the class performance and progress in the ITS environment. The dashboard
would help the teacher determine the focus of intervention, as well as suggest materials, such
as example problems or practice worksheets for the class. Another scenario that teachers could
use this dashboard for is when they quickly want to review where students’ concept mastery
stands, and whether a quick intervention or mini-lecture might be helpful. Teachers would use
this dashboard when giving students a warm-up exercise at the beginning of class, or a short
practice exercise at the end of a lecture. Lastly, the dashboard could provide teachers with real
time data on students’ performance during the time students are working with the I'TS. Teachers
would be able to project the dashboard on a wall or screen in class, and would better focus their
time and attention on students who need it the most, while other students independently work
with the tutor.

Teacher Dashboard for the Individual or Group Level. Teachers would use the in-
formation and analytics provided by this dashboard to give one-on-one attention and help to
individual students or a group of students with similar issues and problems. The data provided
by this dashboard would help the teacher identify the need for intervention, as well as the focus
area(s), while providing the teacher with suggested practice problems.

3.6 Discussion and Conclusions

A key assumption in this chapter and my thesis work more in general is that a technology,
such as a dashboard, that will present teachers their students’ data will be most effective if it is
designed with a deep understanding of how data about students’ performance and learning can
influence teacher decision-making and actions in the classroom.

In this chapter I investigate ways in which teachers generate and use data to drive and adjust
their instruction in the classroom. Through Contextual Inquiry interviews with 6 middle and
high school teachers, I found that teachers use data to a surprising degree to inform their
teaching, both to make decisions at the class level and to plan interactions with individual
students. Further, the data they use (and often, generate themselves, by hand) can have a
surprising amount of detail, as shown in Figure 3-5. I also found that teachers use data provided
by technology, when it is available. On the class level, teachers use this data to decide the next
best action to take, for example whether they need to spend more time on a certain topic and
when to move to the next topic. In addition, teachers differentiate instruction across class
periods focusing on each classes’ specific needs and performance. Teachers who use technology
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in their classrooms make use of reports and analytics provided by the technology, again both
on the class and individual student level. However, I also found that teachers have to adapt
to the specific technology they use and are selective in deciding which types of reports and
data provided by such technology to use. An interesting finding is that teachers differentiate
instruction on the individual student level. They spend time, effort and attention to identify
what individual students need most help with, what issues they are having and how to help
them remediate these issue(s).

These findings provide novel insights into what data teachers generate and how they use it plan
instruction and act in the classroom. To the best of my knowledge, this is the first study that
investigates, through the use of Contextual Inquiry together with Interpretation Sessions and
Affinity Diagramming, how teachers use data in their day-to-day decision-making with or with-
out technology. The findings may be useful for designers of dashboards for various educational
technologies. Their importance is not restricted to I'TS, since the majority of teachers in the
study did not use one with their students.

In the next chapter of my thesis (Chapter 4), I use the results and findings from the current
chapter to inform the design of a teacher dashboard with student data collected from an edu-
cational technology such as an ITS. Focusing on specific use scenarios, the dashboard will take
advantage of the rich analytics generated by the I'TS, such as skill mastery, types of misconcep-
tions, progress and time in the assignments, etc. The findings in the current chapter will drive
the decisions of what data is most important for the teacher in the given scenario and how it
will be presented to the teacher in the dashboard in an easy-to-understand way.
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Chapter 4

Developing a teacher dashboard for use
with ITSs

This chapter is based in part on the following publications:

e [13]| Aleven, V., Xhakaj, F., Holstein, K, & McLaren, B. M. (2016). Developing a teacher
dashboard for use with intelligent tutoring systems. In Proceedings of the 4th Interna-

tional Workshop on Teaching Analytics at the 11th European Conference On Technology
Enhanced Learning, IWTA 2016.

e [125] Holstein, K., Xhakaj, F., Aleven, V., & McLaren, B. M. (2016). Luna: A dashboard
for teachers using intelligent tutoring systems. In Proceedings of the 4th International
Workshop on Teaching Analytics at the 11th European Conference On Technology En-
hanced Learning, IWTA 2016.

e [258] Xhakaj, F., Aleven, V., McLaren, B.M. (2017). Effects of a Teacher Dashboard
for an Intelligent Tutoring System on Teacher Knowledge, Lesson Planning, Lessons and
Student Learning. In E Lavoué, H. Drachsler, K. Verbert, J. Broisin, M. Pérez-Sanagustin
(Eds.), Proceedings of the 12th European Conference on Technology Enhanced Learning,
EC-TEL 2017, (pp. 315-329). Springer International Publishing Switzerland.

e [257] Xhakaj, F., Aleven, V., McLaren, B.M. (2017). Effects of a dashboard for an intelli-
gent tutoring system on teacher knowledge, lesson plans and class sessions. In E. Andre,
R. Baker, X. Hu, Ma. M. T. Rodrigo, B. du Boulay (Eds.), Proceedings of the 18th In-
ternational Conference on Artificial Intelligence in Education, AIED 2017, (pp. 582-585).
Springer International.

Abstract: In Chapter 3, I implemented a user-centered design process to study and investigate
teacher data needs in the classroom and draw design implications for a dashboard tool that
could present data back to the teachers and support their teaching practice. Based on those
findings, in this chapter I continue the user-centered design process. Specifically, I use methods
such as Speed-Dating, Story boarding, and Prototyping to validate and test ideas and designs
to address teachers’ data needs and support their teaching in the classroom. The final contri-
bution of this process results in Luna, a dashboard that shares with teachers data about their
students’ performance and progress in an Intelligent Tutoring System (ITS). The main goal of
this dashboard is to support teacher decision-making and reflection as the teacher prepares for
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the next lecture, outside of class. The dashboard is meant to be used in in conjunction with
and educational technology such as an ITS that collects and generates student data that fuel
the teacher dashboard.

4.1 Using Speed-Dating and Story boarding to Design the Teacher
Dashboard

4.1.1 Introduction

To continue the user-centered design process, following Contextual Inquiry, Interpretation Ses-
sions and Affinity Diagramming, I employed Story boarding and Speed-Dating as the next step
[75, 262]. Speed-Dating is a method that allows for rapid exploration, validation and testing
of ideas, in particular future ideas, with users. This method is commonly employed in many
research projects as a way to help reduce the risk of designing and creating technologies and
tools that users will not adopt [262].

4.1.2 Methods

The primary focus of the Storyboards and Speed-Dating sessions was to validate some of the
major findings from the Contextual Inquiry interviews (see Chapter 3). For example, Storyboard
#1 (see Appendix A) focused on whether data at the class level or individual level was most
helpful to teachers to support their decision making for what to do in the next class sessions.
Storyboard #4 on the other hand aimed to validate if student misconception data would be
helpful to the teacher to help guide their instruction.

A secondary focus of these Storyboards was to explore teachers’ opinions and desires on data
and analytics that ITSs can produce but teachers might not necessarily be aware of or familiar
with. This includes data such as wheel-spinning (a phenomenon when the students is not
learning the skill, despite continuous target practice on that skill [44]) or hint abuse (when
students continuously press the hint button until they get to the answer of the exercise [32].).
An example Storyboard for this idea is Storyboard #12, also depicted in Figure 4-1, which
aimed to explore if wheel-spinning information would be helpful to the teacher’s instruction.

The final focus of the Stroyboards was to test some futuristic ideas that challenged the boundary
of what is possible with a dashboard technology and what would teachers be comfortable or
uncomfortable with. In particular, I wanted to investigate the power dynamics and power
separation between the teacher and the dashboard. For example, Storyboard #8 tested the idea
of the dashboard automatically assigning students extra practice to who needs it, with little or
no input at all from the teachers.

Based on these three focuses, I generated a range of design concepts and created 22 storyboards
to share with teachers (similar to Figure 4-1, see Appendix A). Each storyboard had (1) a central
question which served as a starting point for a discussion with teachers and around which the
conversation was centered, (2) a sketch representing the story, which (3) was supported by a
detailed description in text of what was going on in this storyboard.

I conducted Speed-dating sessions individually with 1 female middle-school teacher from a subur-
ban, medium-achieving school and 2 middle-school teachers from a suburban, medium-achieving
school (2 male). I showed each Storyboard to the teachers during Speed-Dating sessions that
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lasted for 1.5 hours and asked the teachers to give their impressions and opinions on each of the

storyboards.

Storyboard_12: Does information on student’s wheel-spinning in the tutor help guide

your instruction?
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Mrs. Byrd is looking at the dashboard to
see her students’ performance and
progress in the tutor for the fraction
addition topic.

The dashboard tells Mrs. Byrd the Kiki
and Mary have been wheel-spinning in
the tutor on the finding the common
denominator skill. This means that Kiki
and Mary have been working for a while
with exercises to learn this skill, however
they have not mastered it yet. The

Mrs. Byrd now knows that Kiki and Mary
are wheel-spinning on finding the
common denominator term. Mrs. Byrd
spends one-on-one time with each of
them to re-teach them the concept, and
also works with them through a couple of
practice problems.

dashboard suggests that Mrs. Byrd's help
is needed immediately

Figure 4-1: One of the storyboards that depict from top to bottom: the focus question, the
images and the story.

4.1.3 Findings

I initially transcribed and then analyzed the Speed-Dating interviews with the teachers. For the
analysis, I summarized the teachers thoughts and opinions per storyboard. Below I summarize
at the high level some of the most interesting findings that teachers strongly agreed or disagreed
with.

From the Speed-Dating sessions, I found that teachers were very interested in information such as
skill or misconception data that showed them where the students were doing well and progressing
well and where the teachers’ intervention was needed to help the students. In particular, teachers
thought trying to understand what misconceptions students had based on the errors they were
makings was very challenging and they considered this to be a very important step to taking
action and helping the student resolve this misconception. As User 1 mentions in relation to

Storyboard #4 (Appendix A):

User 1: ...if I know, and can figure out what misconceptions are, then yes I will,
address it. It’d be nice to have something to actually do that for me [laughs| because,
that is very, it at times can be very difficult to, figure out what it [the misconception/
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18.
Teachers mentioned they needed skill and misconception information in particular at the indi-
vidual student level in order to be able to figure out which students they needed to pay most
attention to. Teachers also mentioned that as they prepare for the next lecture, they would

keep an eye on the overall class data as a way to help them decide and guide their instruction
on whether to move on to another topic or to stay in the current topic.

User 3: ...I myself would want the individual. In my head I would be looking at it as
class overall but I also want to know which kids I need to focus more of my attention
on. So that’s why I would go with the individual.

Teachers mentioned they would find useful data that I'T'Ss can generate but teachers currently
do not have such as wheel-spinning data and hint abuse information. For example, in response
to a follow up question on Storyboard #20, Would you think it would be helpful for you to know
this information so that you can go and talk to the students?, one teacher said:

User 3: That would be nice and knowing ahead of time. If it identifies what Kiki’s
problem is and you can just Tun in there real quick and focus on what you exactly
need to do and you would go over with Mary, have a different set of questions for
her. Just try to figure out where her problems lie ... I would want to have that.

One surprising finding from the story boarding sessions was the teachers’ strong and negative
reaction to the power dynamics between them and the dashboard. Teachers liked having power
over the dashboard and the decisions it took for their class overall or the individual students.
They did not like at all the dashboard being in control of their students or them not having
control over the decisions that the dashboard took. In addition, teachers mentioned they they
would not accept suggestions from a dashboard without it "gaining their" trust first. For
example, in response to my follow up question Would you trust the software telling you what are
the skills that your students are missing the most and what students you need to focus on? on
Storyboard #2, one teacher said:

User 2: ...I would have to sort of work with it [the dashboard] a little bit, and from
working with the students, and seeing them work with the program [ITS], and then
what we do in class, you know like that, those both things would go into it. I wouldn’t
just go with "Oh the computer told me this, yeah I am going to do it ... I would never
Just willy-nilly trust it.

4.2 Prototyping

4.2.1 Introduction

Based on the findings of the Contextual Inquiry interviews as well as the findings from the
Speed-Dating sessions, I moved to the next stage of the user-centered design process for the
teacher dashboard, namely prototyping. Prototyping is the process of creating early models of
the technology or tool you are aiming to create, as a test of the concept and process, before
investing time, money and energy on implementing the technology or tool at a large scale [56].
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4.2.2 Prototyping Iterations

Using the above mentioned findings as a basis, I started sketching low-fidelity prototypes of the
teacher dashboard. As can bee seen in Figure 4-2, in the initial low-fi versions I was mainly
focusing on including data such as skill and misconception information in the dashboard as
teachers both in the Contextual Inquires and Speed-Dating sessions unisonly agreed these were
data they used and needed in their teaching and to guide their instruction. A Ph.D. colleague
and I worked together to generate several iterations of low-fi prototypes of the dashboard. This
work resulted in creating an initial version of a medium-fidelity prototype, Figure 4-3.
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Figure 4-2: Low-fidelity protoype sketches of the dashboard.

Based on the mid-fi prototype, my colleague ran prototyping sessions with three middle-school
teachers (two teachers, one educational technology specialist). In those sessions, my colleague
showed teachers a paper version of this mid-fi prototype, and ask them to think as if they were
preparing for a lecture for the next-day. More details on the prototyping process and some of
the major findings are presented in [13, 125].

4.2.3 Final dashboard: Luna

With the help of a design professor from the Human-Computer Interaction Institute at Carnegie
Mellon University, my colleague and I iterated on the medium-fidelity dashboard prototype.
Some of the main changes we focused on were in relation to making the prototype more user
friendly in terms of the amount of information and the cognitive load the mid-fi prototype posed
on the teachers. The final result of these iterations was a high-fidelity dashboard prototype which
I named Luna, to represent how the dashboard would "reflect" back to teachers data from their
students.

45



Individual Student Skills and Misconceptions

% H H 2 ES 3
Number of students who have mastered the skill H 2 H [ER ] £

Otho Wao-lin
po
o

Student P Time in tut
Avg Skill Practice vs Avg Skill Level udent rogress vs Time In tutor
0o

o
Klementina Caterina

O O O

Tilde Zephyrine  Chanah Aspen

o
addlsubiractvarabl from baih sides

Median . u
Georgete Tifunee Dubravka Lilas °
Medan o Deliiah Ebru

Phiippa Tancred

) o o
20 Gabrielius Faddey Baldo Genghis.

Avg Skill L
Time (minutes)
o

Kazimiora Beatrix

o
It wanenSoumex °
cdson sy reae X Mataniah Hoiko O °
saros

o
SanjitKodey

75 Median 05 Medan

70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 1 2 3 4 5
Avg Practice Progress (levels)

Figure 4-3: The medium-fidelity dashboard prototype used in the prototyping sessions. The
dashboard was created based on the findings from Contextual Inquiry and Speed Dating data.
From top to bottom, left to right, it shares data (1) on the number of students who have
mastered skills or have misconceptions, (2) skill mastery and misconceptions per student, (3)
average skill mastery plotted against average amount of practice and (4) student time spent in
the ITS plotted against student progress.

I mocked up Luna in Tableau, a data visualization tool (http://www.tableau.com/). The dash-
board was populated with real student data from an ITS (Lynnette [154]). This data was
processed through a combination of Python Scripts and Excel before it was inputted in Tableau
into the dashboard.

Luna displays data about students’ learning, both at the class level (Figure 4-5) and individual
level (Figure 4-4). The information that is displayed in each of those screens as well as the
decision to split the dashboard in two screens were made based on and to address the findings
from the Contextual Inquiry, Speed-Dating and Prototyping interviews as described above.
Luna is interactive, for example hovering over a skill or error shows a definition and an example
exercise of the skill being applied or the error manifesting.

At the class level, Luna shows:
1. the number of students who have mastered each skill in the ITS (as a horizontal bar chart),
2. the number of students who made certain errors (as a horizontal bar chart),

3. a comparison of the level of mastery versus the amount of practice per skill averaged across
students (as a scatter plot).
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At the individual level, Luna shows per student

1. if they mastered each skill in the ITS and the percent mastery,

2. if they had errors and the number of times they made each error,

3. time versus progress in the ITS (as a scatter plot).
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Figure 4-4: Luna: Individual Level Dashboard View.

4.3 Conclusions
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In this Chapter, I continued the user-centered design process to investigate teachers’ data needs
in relation to their students and to design a teacher dashboard that supports teachers’ teaching
and practices in the classroom by sharing with them data on their students’ performance and
progress. Following the Contextual Inquiry studies and findings in Chapter 31, in this chapter I
used Storyboarding, Speed-Dating and Prototyping to create Luna, a teacher dashboard fueled
with student data from an Intelligent Tutoring System (ITS). Luna is a high-fidelity dashboard
prototype mocked up in Tableau and it presents teachers data at the classroom level and at the
individual student level on their students’ skill mastery, errors and misconceptions, and progress
in the ITS. In the next chapter of my thesis (Chapter 4), I continue the user-centered design
process and investigate how Luna affects teachers and their practices and students and their
learning, when employed in a real classroom setting.
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Chapter 5

Effects of a Teacher Dashboard on
Teacher Knowledge, Lesson Planning,
Lessons and Student Learning

This chapter is based in part on the following publications:

e [258] Xhakaj, F., Aleven, V., McLaren, B.M. (2017). Effects of a Teacher Dashboard
for an Intelligent Tutoring System on Teacher Knowledge, Lesson Planning, Lessons and
Student Learning. In E Lavoué, H. Drachsler, K. Verbert, J. Broisin, M. Pérez-Sanagustin
(Eds.), Proceedings of the 12th European Conference on Technology Enhanced Learning,
EC-TEL 2017, (pp. 315-329). Springer International Publishing Switzerland.

e [257] Xhakaj, F., Aleven, V., McLaren, B.M. (2017). Effects of a dashboard for an intelli-
gent tutoring system on teacher knowledge, lesson plans and class sessions. In E. Andre,
R. Baker, X. Hu, Ma. M. T. Rodrigo, B. du Boulay (Eds.), Proceedings of the 18th In-
ternational Conference on Artificial Intelligence in Education, AIED 2017, (pp. 582-585).
Springer International.

Abstract: In this chapter, I explore how the high-fidelity teacher dashboard prototype, Luna,
which T designed for and created in the previous two chapters of this thesis (see Chapters 3
and 4), affects teachers and students in the classroom, when used with real data from an ITS.
Results from a quasi-experimental classroom study with 5 middle school teachers and 17 classes
show that even though teachers generally know their classes well, a dashboard with analytics
can still enhance their knowledge about their students and support their teaching practices. I
found that the teacher dashboard influenced what teachers knew about their students’ learning
in the ITS and that the teachers’ updated knowledge affected the lesson plan they prepared,
which in turn guided what they covered in the classroom. To the best of my knowledge, this
is the first study that demonstrates that a dashboard for an ITS can affect teacher knowledge,
decision-making and actions in the classroom.

5.1 Introduction

Educational technologies, such as I'TSs, that generate and collect data on student progress are
rarely designed to support teachers and their teaching. Many opportunities are being left on
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the table for teacher dashboards which might help teachers improve their teaching practices
and guide their instruction in the classroom. For instance, when many students in a class are
learning a particular skill, a dashboard could let the teacher know about this situation, and
the teacher could include, in their lesson plan and actual lesson, specific steps to address the
challenge. More generally, a dashboard could help make "the invisible visible" for teachers by
displaying aggregated, up-to-date information about their students. Based on this information,
teachers could provide help to their students and guide their instruction in a way that is better
targeted and personalized to the students’ needs.

Despite the large amounts of dashboards designed for various educational technologies, much
prior work has focused on evaluating whether such dashboards are useful to teachers and what
visualizations or information is most used by them. A small body of work has focused on
how these dashboard impact teaching or can support teacher practice. Some studies found
that a dashboard can help teachers determine in real-time when to intervene and help students
work more collaboratively in a multi-tabletop learning environment [158|, or can help them
single out problems concerning participation in digital discussion environments and intervene
as needed [233]. Other studies have shown that a dashboard’s information can help teachers
manage web-based distance courses [167], support teachers in moderating discussions in digital
learning environments [170] or support their awareness of the classroom state, student progress,
and students in need of immediate help in an exploratory learning environment [165]|. Finally,
although many evaluation studies involving dashboards have been conducted, few studies (with
the exception of [138]) have looked at the influence a dashboard might have beyond teachers onto
student learning, in spite of a growing realization in the field that effects on student learning
should be studied [214, 238|.

Much of the prior work on teacher dashboards has focused on real-time dashboards (dashboards
that teachers use while students are working during class time). A small but growing body of
work has started to look at how to support teachers reflection outside of class (i.e., [? ]). This
would allow for a deeper reflection, where teachers reflect on their practices and plan how to
move instruction forward is the first step to improving practice and causing long term behavior
change in teaching practices. For example, in a study by Kelly et al. (2013) they found positive
effects of teachers reviewing reports from a web-based homework system to decide what parts
of the homework to review in class [138]. In another study, Mavrikis et al. (2015) report that
information from a dashboard about difficulties students are facing in an exploratory learning
environment may help teachers decide what to focus on in the following lesson [165]. Work from
Prieto et al. (2017) presents a design framework and a series of guidelines to design technologies
that support teachers’ reflection based on everyday evidence and feedback, with the aim to
improve educational practice. Other work from Gerritsen et al. (2018) introduces the action-
reflection-planning framework that can be used with a smart classroom as way to train and
provide feedback to TAs [99].

In the current chapter, I build on this growing body of work. Specifically, I look at the scenario
in which a teacher uses a dashboard with student data when preparing for a class session; a
dashboard might help in focusing the class discussion on the topics most in need of discussion
(e.g., problems or specific error types that are currently challenging for the students). I present
results from a quasi-experimental classroom study investigating effects of a high-fidelity dash-
board prototype, Luna, with analytics from an ITS. After a class session where students use the
ITS, teachers use Luna as they plan for and execute the next class session. The study looks at
the effects of the dashboard on teacher knowledge, decision-making and actions in the classroom
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as well as student learning.

5.2 A Causal Chain that Captures Dashboard Influences

I defined a hypothesized causal chain that represents how information in a teacher dashboard
may affect teachers and students in the classroom (Figure 5-1). It focuses on scenarios in which
a teacher uses the dashboard to prepare for a class session, in blended courses that use some
form of educational technology. The teacher dashboard, displays up-to-date information about
students’ performance, progress, and learning, with some educational technology. To note is
the fact that the causal chain may apply to any dashboard, learning analytic tool, teacher
awareness tool, or report on student learning in blended courses, where teachers use it to guide
their instruction to create a lesson plan and prepare for a class session.

TS ti Dashboard The new Plan directs What teacher
ime informs knowledge what teacher does in class
teacher about affects what covers in affects
students’ teacher class student
performance Link 2 plans to do learning
Link 1 inITS Teacher's in class Link 3 Link 4 Link 5
 What teacher updated Teacher’s Class | Student
knew before Session [ i
/ } knowledge plan for class learning
Experience l

Figure 5-1: A causal chain that represents the effect of a teacher dashboard on teacher practices.

From their experience with a particular class, teachers have knowledge about what their students
generally can and cannot do well, at any given point in time (link 1, Figure 5-1). As they work
with a dashboard, teachers may learn new information about the performance and knowledge
of their students (link 2 in Figure 5-1). When teachers plan for a class session, their updated
knowledge may affect the lesson plan (link 3 in Figure 5-1), which then guides what they cover
in class (link 4 in Figure 5-1). Ultimately, what teachers do in the class session is what students
get exposed to and what affects their learning (link 5 in Figure 5-1). Thus, the dashboard
information needs to "travel" through many links; it must be embraced by teachers, incorporated
in the lesson plan and used in the class session, for it to reach students and impact their learning.
In the study and analysis in this chapter, I investigate the teacher dashboard’s influence along
each of the links in the chain. This causal chain differs from the LATUX [163] framework, which
describes ways to design, develop, evaluate and deploy learning analytics tools for teachers. By
contrast, the causal chain captures potential effects of a dashboard from proximal influences on
teacher classroom practices and to distal influences on student learning.

5.3 Methodology

In this chapter, I focus on the following research questions:

e (RQ1) How does a dashboard with analytics from an ITS affect teachers’ lesson planning
and (subsequent) classroom sessions?

e (RQ2) Does the teacher’s use of the dashboard help students learn better?
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5.3.1 Experimental Design

Five teachers from two suburban schools took part in the study (17 classes, 300 students total).
All classes were 7th grade (medium achieving or honors) except for a 6th grade honors class
and an 8th grade low-achieving class. Two out of the five teachers had participated in previous
iterations of Luna’s design. The experiment had two conditions, an experimental condition,
in which teachers used Luna while preparing a lesson plan, and a control condition, in which
there was no dashboard. Classes were assigned to conditions such that each teacher had classes
in both conditions. Conditions were balanced per teacher and school in terms of the level of
achievement (high or low achieving class) and the order in which they happened during the
school day. There were 9 classes in the control condition and 8 in the experimental condition.

I first provided teachers with 10-20 min of instruction on the analytics and visualizations that
Luna displays (see Figure 5-2). For this instruction session, Luna displayed student data col-
lected in previous studies. Students then worked for 60 min with the ITS (Lynnette [154],
completing problem sets dealing with basic equation solving. Next, they took a 20-minute
pre-test.

In both conditions, teachers were asked to prepare for 20 min for a class session and think
out loud during the process; during these sessions, the researcher occasionally asked teachers
to explain what they were doing. The sessions were video-recorded. For the experimental
condition classes, teachers were asked to prepare for the class session using Luna, which provides
information about their students’ performance during the session with the ITS. For the control
condition classes, teachers were asked to prepare without a dashboard, based on their experience,
their knowledge of their students, and on what they noticed when students were working with
Lynnette in the lab. (The only difference between the two conditions therefore was whether or
not the dashboard was available during the preparatory sessions.)

Teachers then conducted the class sessions they prepared for. (The students did not use the
ITS during class time.) During these sessions, each 40 min, 2-4 coders (undergraduate students
and staff from our institution) took observational notes using a tool with predefined categories
of observations that also allowed for free-form note taking.

After the class session, students took a 20-minute post-test. Both pre- and post-tests contained
9 exercises based on 9 problem sets in the I'TS, covered the same equation types, with different
numbers, and were assigned in counterbalanced manner. The pre and post-tests allow for an
assessment of student learning gains due to the class session teachers conducted based on their
preparation with or without the dashboard.

Teacher
prepares for
class with
i dashboard
.Teache.r receives Students Students (20 min) Teacher Students
instruction on how .
work with take conducts take
the dashboard — —
works putor pre-test Teacher Jlass postisst
(10-20 min) (60 min) (20 min) prepares for (40 min) (20 min)
class without
dashboard
(20 min)

Figure 5-2: Experimental set up for an individual teacher and an individual class.
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5.3.2 RQ1: How Does the Dashboard Affect Teachers?
I studied how the dashboard affects teachers in each of the links of the causal chain.

Teacher’s updated knowledge. Targeting the first link in the causal chain, I analyzed the
video-recordings of the teachers’ preparation sessions to assess how Luna affected their knowl-
edge. From these video-recordings, I distilled and paraphrased the main ideas teachers expressed
(which I will call statements) as they were thinking out loud during the preparation sessions. A
second coder verified the segmentation of the recording into statements by time-tagging each of
them. As shown in Figure 5-3, I distinguished four categories of teacher knowledge, character-
ized by whether they knew it before inspecting Luna or became aware of it while inspecting it,
and whether the focused-on information pertains to the class overall or to individual students.
I created such tables with teachers’ statements for each of the 8 experimental condition classes.

Row Code @ Statement
KC1- Expect students are good at because they have done this already:
Add/Subtract Constant From Both Sides

Teacher’s
knowledge . KC2- Expect students are good at because they have done this already:
1 |or Combine Like [Constant] Terms
expectations __ KC3- Expect students are good at because they have done this already:
for class Divide Both Sides By Variable Coefficient
-- KC4- The Distributive Property, I thought they would struggle with
(v)G | LC1- Add/Subtract Constant From Both Sides
(v)G | LC2- Combine Like [Constant] Terms
(v)G  LC3- Divide Both Sides By Variable Coefficient
+G LC4- Compute Quotient For Constant (8 did not get to Level 3, 16 who got
(*+) there mastered it), ok that’s good
' . (+)N LC5- 8 students did not get to Level 3
earne
3 fron: (+)N LC6- Combine Like [Variable] Terms (who got there mastered it, it's just

dashboard that not everybody got there)

for class (+)N LC7- Add/Subtract Variables On Both Sides, the same kids who got to that
[Combine Variable Terms] got this
(v)B | LC8- Distribute Property, ok that is where they are starting to fall of
(+)N LC9- A couple of kids did not grab this [gesturing Level 1 Add/Subtract
Constant From Both Sides and Combine Constant Terms]
(+)N LC10- A couple of kids did not grab this [gesturing Level 2 Divide By
Variable Coefficient]
T , KS1- Student 1 would be in one of the higher levels if she was here the
eacher’s --
knowledge first day
or -- | KS2- Student 2 wasn't here at all
3 | expectations - KS3- Student 3 was here only the second day
for -- KS4- Student 4 and Student 5 would goof around if they work together
individual -- | KS5- Student 6 would be ok working with Student 7
students -- | KS6- Student 4 is pretty strong
Learned (+)N | LS1-Thave a high [level 7], medium [level 5], and low group [level 3]
from ()N | LS2- Student 8 is kind of surprising
4 dashboard N = =
b (+)B | LS3-Student 1 is behind

individual (+)B | LS4-Student 2 is at (0:0) (wasn't here?)
students (+)B | LS5-Student 3 is at (0:0) (thought was here the second day?)

Figure 5-3: Example of a teacher’s updated knowledge at the class and individual level after
working with the teacher dashboard.

The statements that represent what teachers learned from the dashboard (rows 2 and 4 in Figure
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5-3) were coded based on two coding schemas. The first set of codes aims to classify how Luna’s
information relates to the teacher’s prior knowledge, using the following codes:

1. " v"" means that Luna’s information confirms what teachers knew about their students
(e.g.," Yeah, [student name] is not surprising..."),

2. "1 " means that teachers were surprised by Luna’s information, or it was inconsistent
with what teachers knew (e.g.,"The only thing that stands out for me is this [pointing at
combine like terms make constant and make variable/..."),

3. " + " means that teachers learned from Luna, but it did not confirm or reject what they
already knew, (e.g., "... looking at it, [the|distributive property they have all pretty much
mastered...").

The second set of codes aims to classify whether the teacher’s comment was about students
doing well or not well in the I'TS, based on data from Luna. It has the following codes:

1. "G" means that the teacher’s comment is about information from Luna that showed
students did well in Lynnette (e.g., "I am actually kind of surprised that [student name/
made it that far, that’s good!"),

2. "B" means that the teacher’s comment is about students not doing well (e.g., "... I see that
that’s what students have most trouble in, combine unlike terms to make a variable..."),

3. "N" means that the teacher’s comment is ambiguous (e.g., if the teacher says, " Only one
hasn’t mastered the distributive property," it is not clear whether he/she views that as
positive or negative).

The codes were assigned based only on what teachers explicitly said in the video-recordings of
the preparation sessions. I and a trained coder first coded all statements independently. We
then met and resolved all disagreements in coding through discussion and mutual consensus.
The results reported here are based on this consensus coding.

Lesson Plan. Moving to the next link in the causal chain (link 3 in Figure 5-1), I analyzed how
the knowledge gained from the dashboard may have influenced teachers’ lesson plans. I focused
on the lesson plans for the 8 classes in the experimental condition, which teachers created with
help from Luna. To represent the lesson plans, I created tables (Figure 5-4) based on the distilled
and paraphrased main ideas teachers mentioned or wrote down during the preparation sessions.
These tables show the topics along with the exercises (if any) that teachers planned to cover
during the class session, as well as their plans about individual students, when applicable. To
study how the information learned from Luna affected the teacher’s lesson plan, each of the
items in the lesson plan (rows in Table 2) was matched with what teachers learned from Luna
(rows 2, 4 in Figure 5-3). For example, if the teacher stated, "... that is where they are starting
to fall off, at the distributive property" (LC8 in Figure 5-3) and then said "... we are back into
distributive property ... so I can steal some examples from my other ... [the plan for my other
class| (writes down some exercises with the distributive property used in the previous class they
prepared for)," I would put the code LC8 under the respective row in the lesson plan table. This
coding procedure was applied only to statements for which teachers explicitly stated that the
reason they were going to cover it in class because was information from Luna.

Class Session. Moving to the next link in the causal chain (link 4 in Figure 5-1), I counted how
many of the statements in the lesson plan that were based on information from Luna, actually
made it into the class session. For each class session, I analyzed the joint set of all notes taken

o4



v Code | Concepts teacher will cover/review in class ' Exercises teacher will do in |

_ | | (WHAT?) | class (HOW?)
-- (Revise concepts through equation solving + students
' working in groups)
'LC9 | 1 | Add/Subtract Constant From Both Sides | x+8=-15
 LC10 | 2 | Divide Both Sides By The Variable Coefficient | 3x=24
| == | 3 | Distributive Property/Combining Like Terms .
LC8 e 5(x+4)=40
| a | (Stus started to fall of at the Distributive Property) 3=7(4-2u)-6u
LC6 | b | (This has that combine in it) 3(1+4n)-2(5n-3)=25
' (From | 4 | Variables On Both Sides _
other | | a | Variables On Both Sides | 5x+6=2x+15
class) | | b | With Negative Numbers | -7x-2=24-9x
¢ | Distributive Property + Variables On Both Sides 4(5n-7)=10n+2
_ | | d | Distributive Property + Variables On Both Sides | 2(6d+3)=18-3(16-3d)
LS1, |5 | Students work in groups of 3 with | Level 7 | Level 5 | Level 3
LS2, worksheet with exercises on 1 Student 6 6 Student 15 | 3. Student® Student 24
LS3, Distributive Property + Variables 2 Student 9 3 Student 16 | 1 Student 7
LS4, On Both Sides (same worksheet 3 Student 10 | 2 Student 17 | 2 Student 22
LS5 as previous class) 4 Student 11 | 1 Student 18 | 5 Student |

5 Student 12 | 5-Studentd9 | 6 Student 23
6 Student 13 | 7 Student 20 | 7 Student 5
7 Student 14 | 4 Student 21 | 8 xStudent3 x Student 2
8 Student 4 (with Student 4 who is pretty
| [ | strong and they were not here) |
-- 6 | Give worksheet from previous
| class

Figure 5-4: Lesson plan, with information attributable to Luna coded in the first column.

during the sessions by all coders. I created tables to compare the lesson plan with the class
session (Figure 5-5). Next to each statement of the lesson plan, columns were added to show

e whether teachers covered the planned statement in class,
e a summarized description of what they discussed,
e who was involved in the discussion during the class session.

The categories under the column Covered indicate whether teachers covered that statement in
class (Yes/No/Not planned, with the latter code meaning the teacher did something they did
not plan for or did not say they were planning for).

5.3.3 RQ2: Does Teacher’s Use of the Dashboard Help Students Learn Bet-
ter?

I studied whether students in the experimental condition, where teachers used Luna to prepare
for the class session, had higher learning gains attributable to the class session, compared to the
control condition. For this analysis, I considered student learning gains from pre- to post-test.
(These gains can be attributed to the class session led by the teacher, since there were no other
learning activities in between the pre-test and post-test.) I had analyzable data for 242 students
(students who missed the pre-test, class session or post-test were removed from the analysis).
Seven independent graders and I graded the tests. Fleiss’s Kappa was 0.98. The grading schema
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Concepts teacher will

Code cover/review in class zm&%&;ﬂl Covered? Concept/Misconceptions ‘Who?
(WHAT?)
- (Revise concepts through Yes -Focus on what they will do today
equation solving + students -Focus on what tcacher saw in dashboard:
working in groups) weaknesses and strengths
-Focus on Distribute Property and Combine
Like Terms where most did not get to
-Most reached Level S but not all
-Focus on working with things they have
never done before (Part B)
LC9 | 1 | Add/Subtract Constant From x+8=-15 No
Both Sides
LC10 | 2 | Divide Both Sides By The Ix=24 No
Variable Cocfficient
- 3 | Distributive Property/Combine Yes
Like Terms
LC8 a | (Stus started to fall of at the | S(x+4)=40 Yes -Focus on Distribution Teacher
Distributive Property) -Focus on two step equations: do add/subtract | discusses with
-Focus on canceling and simplification students, Student
|| -Focus on checking answer 7,2,5,24
3=7(4-2u)-6u Yes -Focus on Distributive Property and Combine | Teacher
Like Terms discusses with
-Focus on distributing the 7 students, Student
-Focus on divide and the other steps 14,11,4,16
Not -Focus on not distributing to the other side
planned | -Focus not distributing to the 6u term
LC6 b | (This has that combine in 3(14+4n)-2(5n-3)=25 | Yes -Focus on splitting stus in groups Teacher
it) -Focus on distribution of both parenthesis discusses with
-Focus on Combine Like Terms, add/subtract, | students, students
divide work in groups,
-Focus on checking solution Student 11
Not -Focus on distributing the negative -2 with the
planned | other negative -3 as it is tricky

Figure 5-5: Part of a lesson plan compared with what happened during the class session.

gave full credit for correct statements and no credit for incorrect statements.

5.4 Findings

5.4.1 RQ1: How Does the Dashboard Affect Teachers?

Teacher’s updated knowledge. Across 5 teachers in 8 experimental condition classes, |
recorded on average 12.6 statements per class that were evidence of the dashboard affecting
what teachers knew about their students (Updated Knowledge in Figure 5-6). (I will refer
to the statements learned from Luna as "learned statements.") There were slightly more such
statements at the class level compared to the individual level (7.1 statements per class at the
class level versus 5.5 statements per class at the individual level). Teachers seemed surprised
more often by information at the individual level (on average 1.4 statements per class) than at
the class level (on average 0.38 statements per class). Further, out of the 12.6 statements on
average that provide evidence that teachers learn from Luna, 34.7% relate to things that students
are not doing well (19.8% at the class and 14.9% at the individual level), while 29.7% relate to
things they are doing well (19.8% at the class and 9.9% at the individual level). Thus, Luna’s
information affected the teacher’s knowledge about the class overall and individual students.
Furthermore, these learned statements are about students doing well and not doing well with
roughly equal frequency.

Lesson plan. Moving to the next link in the causal chain (Lesson Plan in Figure 5-6), 44.6%
of the learned statements get incorporated in the lesson plans (5.6 out of 12.6 statements per
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class learned from Luna). At the class level, teachers include in the lesson plans 33.3% of the
learned statements, compared to 59% at the individual level. This finding suggests that Luna
prompted change in teachers’ lesson plans, both with respect to the class as a whole and to
individual students, though more so with respect to the latter. In addition, teachers include
an average of 3.1 statements per lesson plan pertaining to students not doing well (24.7% of
all learned statements), namely, 1.9 (14.9%) at the class level and 1.3 (9.9%) at the individual
level. By contrast, they include only 0.75 statements per class (5.9% of the learned statements)
pertaining to students doing well (Figure 5-7)! As a different way of looking at this contrast,
teachers include in their lesson plans 20% of the learned statements regarding students doing
well, whereas they include 71.4% of the learned statements regarding students not doing well.
Thus, the knowledge that teachers gain from Luna is accounted for in various ways in their
lesson plans, in particular knowledge about where students are struggling.

Class Overall Individual Students

Updated Lesson  Class Updated Lesson  Class
Knowledge @ Plan Session =~ Knowledge  Plan Session

v/ 1 0.13 0.13 0.5 0.13 0.13
(+) 5.8 2 1.4 3.6 2.6 I
(1) 0.38 0.25 0.25 1.4 0.5 0.5
G 2.5 0.13 0 1.3 0.63 0.5
B 2.5 1.9 1.6 1.9 1.3 0.63
N 2.1 0.38 0.13 2.4 1.4 0.5
Total 7.1 2.4 1.8 5.5 3.3 1.6

Figure 5-6: Effect of the dashboard measured as average number of statements per class.

I also made informal observations as to how the information teachers learned from Luna made
it into their lesson plans. At the class level, in 6/8 classes where teachers prepared the control
before the experimental classes, they used as a basis for the experimental classes the plan they
prepared for the control ones, but changed and adapted it based on Luna’s information. For
example, they planned to discuss specific topics students were having trouble with, or added
and removed exercises or topics from the plan based on Luna’s information. One teacher, who
prepared for the experimental before the control class, based the lesson plan for the former
entirely on the dashboard, focusing on discussing errors the class was having with example
exercises Luna provided for each error. In addition, based on Luna’s information, in 1/8 classes
the teacher decided not to cover a topic because the class had mastered it, while another teacher
planned what topics to cover for the rest of the week, after the class session. At the individual
level, in 3/8 classes teachers planned to work one-to-one, during or after class, with students
who were not doing well as shown by Luna, while in 2/8 classes one teacher decided they did
not need to spend time with individual students, who despite initially not doing well according
to Luna, had fixed the problems they had, also according to Luna. In 2/8 classes, teachers
adapted a worksheet they planned to give students based on the information in Luna. And
lastly, somewhat to our surprise, in 2/8 classes one teacher assigned students to work in groups
during the class session, with group composition based on students’ progress as shown by Luna.
In conclusion, there is a variety of ways in which teachers incorporate in their lesson plans
knowledge they gain from Luna both at the class and individual level.
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Class session. Moving down the causal chain, teachers implement in the class session 60%
of those planned statements (Figure 5-7), which is 26.7% of the ones they learned from Luna
(13.9% at the class and 12.9% at the individual level). Furthermore, 17.8% of the learned
statements about students not doing well make it to the class session (12.9% at the class and
5% at the student level), as opposed to 4% of the ones about students doing well. Thus, the
knowledge teachers gain from Luna that makes it to the lesson plan also gets accounted for and
reaches students in the class session.

26.7% of total
learned statements
G: 4%, B: 17.8%

on average 12.6 learned
statements per class
G:29.7%, B: 34.7% 60% of total
planned

statements

44.6% of total
learned
statements
G:5.9%, B: 24.7%

Link 1 remk2, Link 3 Link 4 Link 5
What teacher updated Teacher's > Class > Student
knew before knowledge plan for class Session learning

Figure 5-7: How the information from the dashboard traveled down the causal chain. The per-
centages on the arrows are percentages of the total number of statements teachers learned from
Luna. "G" and "B" refer to statements about students doing well and not so well, respectively.

5.4.2 RQ2: Does Teacher’s Use of the Dashboard Help Students Learn Bet-
ter?

To test for knowledge differences between the conditions right before the class session, I ran a
Welch Two Sample t-test on the pre-test data to compare the means of the control condition (M
= 5.48, SD = 2.89) and experimental conditions (M = 4.53, SD = 3.23). I found that, in spite
of the efforts to create balanced conditions, students in the control condition had a significantly
higher pre-test mean than those in the experimental condition (t = 2.3908, df = 236.31, p =
0.0176). I used a hierarchical linear model (HLM [196]) with three nested levels to compare
the gains from pre- to post-test (which can be attributed to the class session, with condition
differences attributable to the dashboard). In the model, students (level 1) were nested within
classes (level 2) which were nested within teachers (level 3). I included the condition as a fixed
effect, and the difference between post- and pre-test as the dependent variable. There was no
significant difference between the conditions in learning gains (t = -1.620, df = 240, p = 0.1065).

5.5 Discussion and Conclusions

In this chapter, I examine and trace the influence of a dashboard on teachers’ knowledge of their
students, their lesson plans and execution of these plans, and ultimately on student learning;
these influences are summarized in a "causal chain" that guides the analysis. To the best of
my knowledge, the use of this causal chain, to trace the effects of a teacher dashboard, which
presents student data to teachers, on teacher practices and student learning, is a methodological
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innovation in dashboard research. I note that this causal chain is not specific to I'TSs or to the
particular dashboard used. Further, to the best of my knowledge, the current study is one of the
first that tries to measure not only the effect of the dashboard on teachers, but also on student
learning as a result of the teacher’s use of a dashboard in a classroom setting [214, 238] (with
the exception of [138]).

The study results show that the dashboard affects teachers at all the links in the causal chain.
First, teachers update their knowledge with an average 12.6 statements per class (Figure 5-7).
In turn, the teachers’ updated knowledge helps them to adapt or change their lesson plan and
what they decide to cover in class. Teachers incorporate 44.6% of the statements they learned
from the dashboard in their lesson plans, which suggests that Luna provided useful information
to teachers on their students. Furthermore, teachers implement in the class session 60% of
the planned statements, which is 26.7% of the statements they learned from the dashboard
(Figure 5-7). This is a substantial portion, even if moving down the causal chain, the number
of statements that can be attributed to the dashboard decreases at every link. Perhaps that
kind of "dilution" of influence, looking at causal effects further removed from what teachers
gleaned directly from the dashboard, is not surprising, although I believe this study is the first
to document this phenomenon regarding dashboards.

In addition, I found that teachers attend mostly to information from Luna that shows their
students are not doing well in certain aspects of equation solving, as opposed to information
about doing well. This perhaps is not surprising in and of itself but it suggests that the dashboard
presents information that teachers do not have. Furthermore, although teachers learn almost
the same number of statements for both the class overall and individual students who are not
doing well, more statements related to the class, rather then individuals, get accounted for in
the class session. Lastly, I did not find that Luna influenced student learning. Perhaps that
is a result of the "long" causal chain and the dilution that happens moving further into the
chain (see Figure 5-7). Generally, I can conclude that the dashboard’s information, about skill
mastery, occurrence of errors and student progress in an I'TS, at the class and individual level,
is helpful to teachers as they prepare for a class session, to plan their next lesson which guides
their decisions in the classroom.

In sum, the results of the study indicate that a teacher dashboard with their students’ analyt-
ics can be helpful to teachers. I found that the dashboard’s information affects the teacher’s
knowledge, lesson plans, and what they cover in the class session. In my previous work [256]
I found that teachers can have surprisingly detailed knowledge about their students; it was
therefore not obvious that the dashboard would tell them much that they did not already know.
However, the current study shows that even though teachers generally know their classes well,
a dashboard with their students’ analytics can still help them know more about their students,
and can influence their lesson plans and what actions they take during the lesson.

5.5.1 Limitations as a Jumping Point for Future Work

There are reasons to think that the effect of the teacher dashboard both on teacher practices
and students can be strengthened and more influential then what I found in the current study.

To begin with, planning sessions (times when teachers plan with the dashboard) and executing
sessions (class sessions) could be longer. For instance, teachers in the current study had only 20
min total (for creating two or three lesson plans), which in retrospect was not enough time for
teachers to fully digest Luna’s information and plan what to cover in class. Similarly, teachers
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only held one class session 40-minutes in length, which restricted how much teachers could
plan for to cover. These time limitations could explain why teachers only planned for part of
the information they learned from Luna and why fewer statements made it from the plan into
the class session. Similarly, students took the post-test either right after the class session or
the day after. Thus, they had no time to practice what teachers covered in the class session
which could explain the no-change in learning gains. Therefore, longer planning sessions and
observations of more than one class session could help teachers better plan for and act in the
classroom and as a result decrease the dilution effect along the causal chain. In particular, using
the dashboard more than once, say over multiple weeks as part of their day-to-day practice
could better help teachers’ planning for and actions in the classroom, and as a result support
their long term behavior and practice change. Inspired by those ideas, Part 3 of my thesis
proposes to investigate teachers’ dashboard use and behavior change over multiple weeks during
the semester.

Secondly, a more focused study on the earlier links of the causal chain could help reduce the
effect of the dilution. For example, rather than focusing on the whole chain, from beginning to
the end (which is quite long), it might be worth focusing initially on reflection and goal setting,
to better support teachers in those stages, before they move to action taking. An increase of
goal setting, regardless of the dilution, would cause an increase in actions teachers decide to
take in the classroom. Inspired by those ideas, in Part 2 of my thesis I focus mainly and only
on helping and supporting teachers reflect and goal set for what they want to change in their
teaching practices.

Last but not least, in the current study I investigated teacher data needs only in relation to their
students and shared with them only student data on progress and performance in an educational
technology. It would be interesting to explore if teachers would like to see their own data, if they
would find that helpful or if a combination of their own data together with their students’ data
would be best to help support their teaching practices and behavior change in the classroom.
In Part 2 and Part 3 of this thesis I explore teacher data needs in relation to their own data
(Part 2) as well as to their own data combined with students’ data (Part 3).
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Part2: Designing a teacher dashboard with teacher’s
own data and exploring how to support reflection-
for-action
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Chapter 6

Motivation for Part 2

6.1 Introduction

In Part 1 I investigated teachers’ data needs in relation to their student data. Findings showed
that teachers use student data to drive instructions and very frequently manually generate this
data. Further, teachers found student data from an ITS helpful and a dashboard with such data
affected teachers’ knowledge, lesson planning and actions they took in the classroom. However,
in this process I noticed a dilution where only part of the information teachers learned from
the dashboard made it to the lesson plans and only part of the planned material made it into
the class session. Overall, the results and findings of Part 1 showed that sharing with teachers
student data affects their teaching practices and supports them in the process of reflecting,
planning and acting in the classroom.

Building on my work and findings from Part 1, in Part 2 I was very interested in investigating
a different set of dimensions that would support teachers and their practices in the classroom.
In this chapter, I describe my motivation for choosing each of those dimensions and I set the
stage for the research and findings I have conducted in Part 2 of the thesis.

6.1.1 Supporting teachers with their own data

In Part 1 I focused on student data, which has been the focus of much prior work. However
student data only represents half of the picture. There has been very little work on showing
teachers their own data. If we want to help teachers improve their practices it is necessary to
focus on their own behaviors as well.

Thus, in Part 2 of my thesis I focus on exploring, investigating and designing for teacher data
needs in relation to their own data as well as the effect of this data on their practices. I focus
on questions such as how would teachers react to seeing their own data, for example, of their
performance and behaviors in class, would they even be interested in seeing their own data or
what data would they find most interesting and helpful, how would the data affect teachers
goal-setting and interest for behavior change, etc.

As discussed in the Background Chapter (Chapter 2), prior work around Personal Informatics
(PI) and Professional Informatics for behavior change provided another strong motivation and
inspiration for me to investigate the path of sharing with teachers their own data. Recent work
around PI for professionals shows examples in various professions of how data is used to provide
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feedback to those professionals, as a way to support improving their practices and changing
their behaviors. [99, 121, 150]. Taken together, this body of work motivated me to look into
this new path of supporting teachers and their teaching with their own data from the classroom.

6.1.2 Working with teachers in higher education

Extending on the discussion in the Background Chapter (Chapter 2), teachers in higher educa-
tion, often also referred to as instructors or faculty, are a population that rarely receives any
data or feedback on their teaching, or any opportunities for Professional Development (PD) in
relation to their teaching. This is very much in contrast with K12 teachers who are required
to engage in PD training several times each year, with activities that include seminars, work-
shops, expert or peer classroom observations and consultations [61, 223]. Unlike K12 teachers,
instructors at the university level do not have such requirements. Even if the instructors were
interested in such PD, in many cases there are rarely any opportunities at their schools or more
in general for them to attend. Lastly, instructors often may lack the time, bandwidth or even
incentive to take part in such PD. This is the case in particular for instructors at research in-
stitutions, where research rather than teaching is the primary focus of their academic careers.
Consequently, often teaching is considered to be the professoriate’s neglected stepchild [250].
These reasons motivated me that in Part 2 I switch from working with K12 teachers to instead
focus my work with instructors at a research university as the primary population.

6.1.3 Immediacy and nonverbal behavior data

An important aspect of teachers’ classroom skills, often overlooked in teacher PD training and
feedback, are teacher immediacy and nonverbal behaviors. Immediacy is the perceived closeness
between people that is achieved through language and communication [247]. Teacher immedi-
acy is conceptualized as those nonverbal behaviors that reduce physical and/or psychological
distance between teachers and students and increase their interpersonal closeness, with the ul-
timate goal of enhancing student learning [22, 23, 102, 201]. Nonverbal behaviors are behaviors
that do not involve verbal communication. Nonverbal behaviors that teachers can use in their
teaching include location and movement in the classroom, eye gaze, smiles, nods, relaxed body
posture, forward leans, gestures and vocal variety [25]. Nonverbal immediacy behaviors are
some of the most valuable communication tools instructors have available to them [201]. These
nonverbal immediacy skills can help teachers and students have a happier, more productive,
classroom experience. There is a large body of research that studies and highlights the strategic
and important role of the teacher nonverbal immediacy in teaching-learning processes in the
classroom.

To begin with, immediacy is important to teachers. It is necessary for teachers to be aware
of their and their students’ nonverbal behavior to [173] better understand student nonverbal
messages, to gain the ability to send students positive signals that reinforce learning and avoid
negative signals that hinder learning.

In addition, immediacy is important to student learning. Teachers’ immediacy is mean-
ingfully correlated with student learning in the course, positively affects students’perceptions of
their understanding and learning, as well as it has a modest relationship with students’actual
learning performance in the course [22, 253]. Similarly, teacher immediacy and nonverbal be-
haviors are important as they support students’ attitudes towards learning. When teachers
display more immediacy, students evaluate more positively the class, instructor, subject matter

63



and course content [22]. Teacher immediacy has a positive relationship with students’attitudes
towards learning. More immediate teachers are more motivating to students and their students
are more likely to develop positive attitudes toward the class, attend class more and approach
rather than avoid the subject [22, 64].

More in general, teacher immediacy is positively associated with a range of classroom
variables, including: Perceived instructor credibility, fairness and clarity, student compliance,
students’ perceptions of being mentored, student intent to persist in college, etc. [253].

Motivated and inspired by this prior work, in Part 2 of this dissertation I focus on sharing with
teachers their own data in relation to their nonverbal behaviors in the classroom as a way to
support and help improve their immediacy and nonverbal behaviors.

6.1.4 Instrumented classrooms for data collection

In Part 1, T used Intelligent Tutoring Systems (ITSs) to collect data on student learning and
performance in class. However, ITSs do not provide the infrastructure for collecting data on
teachers or their teaching and are not necessarily designed for and with the teacher and their
needs in mind.

In order to be able to collect data about teachers themselves and their immediacy and nonverbal
behaviors, I needed a technology that would allow for the collection and/or generation of such
data. In Part 2 I decided to move to and work with instrumented classrooms (for a more
extended discussion please see the Background Chapter (Chapter 2)). Specifically, I worked
with EduSense [11], a cutting edge technology that allows instrumenting classrooms with sensors
that collect audio and video data automatically and unobtrusively, and makes use of various
Machine Learning techniques to generate information on teacher and student behaviors in the
classroom. In particular, EduSense allows for the collection and generation of various nonverbal
behavior data.

6.1.5 A New Framework for Reflection-For-Action and Behavior Change

From Study 3 in Part 1, I found that when teachers use a dashboard to prepare for class, there
is a dilution effect that happens as the teacher walks through the links of the causal chain. Only
part of the information that the teacher learned from the dashboard makes it to the lesson plan
and similarly, only part of what the teacher planned to cover in class actually makes it into
the classroom session. Due to this dilution, in Part 2 I focus on a subset of the causal chain,
specifically on strengthening reflection-for-action, namely teachers’ reflection and goal-setting
practices as a first step to changing their practices and long term behavior. For a more extended
discussion of the definition and importance of reflection-for-action, please see the Background
Chapter (Chapter 2).

In addition, in Part 1, as the teacher walks through the links of the causal chain, except for
the dashboard with the student data, there was not any other support for teachers as they
were reflecting and planning their next lessons. I intentionally designed the experiment and
dashboard that way as the primary aim of showing teachers the dashboard was to investigate
how they would make use of it and how student data would affect their teaching practices.
However, in Part 2 I aim to design a technology that will more explicitly and better support the
teachers’ reflection and goal setting through text-based PD, data presented in various forms,
prompts and questions as they work with the data, etc.

64



To better represent the various stages of reflection-for-action teachers go through as they work
with feedback and data from class, I have created a new hypothesized chain of practice. This
new chain of practice was based on the causal chain I created in Part 1 as well as other work
on professional reflection [140] and frameworks for smart classrooms [99].

Outer Loop: Outside of class

Teacher Plans and Sets
Goals for class session

Teacher Reflects on data <
+ feedback X

Teacher Acts Plan

Teacher “Gets” data +
feedback from class

Students React
Teacher
Human observer 1

Other technology Inner Loop: In class, real time:

Figure 6-1: A framework for teacher in and out of class practices.

The framework separates the time the teacher is in the classroom (the Inner Loop, represented
in the lower right blue square) from the time the teacher is outside of the classroom, thinking,
reflecting preparing for the next class session (the Outer loop, represented in purple). It is
important to make this separation as the reflections, goals and actions teachers take in real-
time, in the Inner Loop, are different from those that teachers takes after class time, in the
Outer Loop, as they are preparing for the next classroom session.

During class, teachers and students interact together. The teacher acts their lesson plan and
students react to the teacher’s actions and behaviors. During this process, the teacher may
engage in reflection-in-action or real-time reflection-for-action [210]. This involves for example
immediate reflections and decisions that the teachers take during class time, as they are teaching,
say to distribute better their attention and time across various students. During the Inner Loop,
various technologies such as I'TSs or Instrumented Classrooms can collect data on teacher and
student behaviors and performance during class time.

In the Outer Loop, teachers may receive data and feedback on their own or their students’
classroom behavior and performance. This data and feedback can come from an expert human
observer or from some other technology (such as an Intelligent Tutoring System or an Instru-
mented Classroom). Even without an observer or technology, teachers may keep notes or simply
recall what happened in the classroom during the Inner Loop, which can serve as the "data"
they get from class. Once they receive this information, maybe in a dashboard or report form,
the teachers may engage in reflection-on action [210], a retrospective not real-time reflection
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Outer Loop: Outside of class
(Teacher + ClassinSight)

Teacher Plans and Sets
Goals for class session

Teacher Reflects on data =
+ feedback X

ClassInSight supports

reflection-for-action:
PD + dashboard + feedback Teacher Acts Plan

Teacher “Gets” data +
feedback from class

ClassInSight Students React
collects data
I Inner Loop: In class, real time:

(EduSense)

Y

Figure 6-2: Technology supporting teachers’ reflection-for-action in Outer Loop.

process. Teachers engage in this type of reflection after an activity has happened, where they
have more bandwidth, time and attention to reflect on what happened and why. To take it a
step further, in the outer loop, teachers may engage in reflection-for-action which is a process
when the teachers are reflecting, planning and setting goals on how to change their behaviors
and actions in class. For example, the teacher would reflect about how they are distributing
their time in class, as well as think about the next steps of what to do to change their behavior
in the next class sessions and how to do that. The teachers then conduct the next class session,
where they act the goals they have set for themselves and change their behaviors. And the whole
process repeats. This deeper reflection for change is the first step to a longer term behavior
change, namely to teachers integrating those behavior changes in to their long term day to day
teaching practices.

In order to support teachers in doing reflection-for-action, in the Outer Loop, it is necessary to
support teachers: (1) with data and feedback from their classrooms, (2) during the reflection
process, as they see this data and feedback, and (3) during their planning and goal setting
process for the next class session. The focus of my work in the rest of this thesis is to design
and create tools that would provide support for teachers’ reflection-for action in the Outer Loop
(Figure 6-2. T will refer to this technology as ClassInSight.

To begin with, ClassInSight would use the data collected from the Inner Loop (from an In-
strumented Classroom technology such as EudSense) to generate meaningful charts and data
visualizations to share that with the teacher in the form of dashboard. The technology would
be designed with the teacher needs in mind and focus on presenting teachers data that they
find meaningful and helpful. To support teachers’ reflection-for-action, the technology would
accompany the data in the dashboard with additional information in the form of Professional De-
velopment, as a way to better support and contextualize reflection. In addition, the technology
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would share with teachers feedback to support their sense making of the data and contextualiz-
ing their performance and would have prompts or ask questions to support their reflection and
goal-setting.

6.1.6 Theoretical framework for supporting teachers’ reflection-for-action
and behavior change

In order to support teachers in their reflection-for-action, and ultimately their interest in be-
havior change and practice improvement, it is important to first and foremost support teachers’
motivation for behavior change. Motivation has been described as the forces acting on or
within an organism to initiate and direct behavior as well as an indication of persistence of
behavior [191]|. Goal-setting is emphasized in the literature as a key motivational process (i.e.,
[37, 39, 151, 152, 212, 213]). For example, in the teachers’ case, their level of motivation directly
influences how much teachers will engage in goal-directed behavior and what kinds of goals they
will set for themselves to achieve, which as a result will influence action taking, behavior change
and further improve teachers’ long term practice (Figure 6-3).

Expectancy
-Self-efficacy
-Locus of Control \
Behavior change
Reflection-for-action i -
Motivation =——> (reflection and goal-setting =2 Actlonltaklng i — i Iontg_ e
behavior) class _ practice
improvement
Task Value

Figure 6-3: Impact of Value and Expectancy Motivation, Goal Setting And Behavior Change.
Adapted from [19, 134] and the other literature cited in this section.

There exist many theories and frameworks that have been proposed to explain motivation and
how to best support or enhance it (i.e., expectancy-value theories of motivation described in
[19, 28, 29, 81, 134, 213, 248, 249|). Self-efficacy (SE), Locus of Control and Task Value are three
concepts at the core of many such theories and frameworks that influence the level of motivation
(Figure 6-3). These three components interact with one another and influence instructors’
motivations to set goals and change their behaviors to improve their practice. Changes in one
dimension can change the level of motivation for teachers, and as a result their behaviors and
actions.

Self-efficacy (SE) refers to ones beliefs in their own capabilities or that one has the requisite
skills to successfully perform a course of action and execute the behavior required to produce the
outcomes (i.e., [34, 35, 36, 38, 41, 42|, etc.). Prior work has shown many of the benefits of higher
SE in teachers (i.e., [254]). For example, in teachers, a higher sense of SE is connected to more
effort in organizing, planning, and delivering their lessons, as well as in setting goals that reveal
higher instructional aspirations and enthusiasm compared with teachers that have a lower sense
of SE [17]. Teachers with high levels of SE also are more likely to be open to trying new ideas,
to experiment with innovative instructional methods and tend to exhibit a variety instructional
practices and flexibility [100, 108, 222|. Literature has also shown that teachers in high SE are
more responsive to their students’ needs, are more likely to exhibit greater warmth towards their
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students and better support the learning and development of their students ([34, 246]). Students
tend to learn more from teachers with a high sense of SE and a high SE was shown to have
a positive influence on student motivation and achievement [34, 176]. Finally, teachers with a
greater sense of SE also are more resilient and persist longer when confronted with challenges,
have a greater enthusiasm for teaching, and are generally perceived as more effective teachers
[107, 108, 110].

Locus of control refers to a persons beliefs about the control they have over outcomes in their
environment. Locus of control can be internal (the belief that the control of outcomes comes
within oneself, namely it is a choice) or external (the belief that the control lays being outside
oneself, namely it is a chance) [190, 204]. The amount of control that one believes to have
(for example in affecting their health outcome or in learning of a new technology) affects their
willingness to engage in certain behaviors (i.e., [45, 116, 128]).

And lastly, Task Value is related to the belief that the task one is performing or the goal
toward which one is working is valuable to oneself [81]. Task value influences the decision on
whether to engage and pursue a specific activity or set a goal to change or improve on ones
behaviors. There are multiple frameworks that in more detail describe the sources from where
value can be derived [19, 248, 249]. Two common sources of value are intrinsic and extrinsic
value (for example the value one find s in doing the task versus the value in the outcome or
rewards for completing a task).

In Part 2, I focus on investigating how to best support and influence teachers’ SE as a way
to positively their motivation for goal setting and behavior change. I decided to focus on SE
provided the rich and extensive literature on the effects and importance of SE on motivation
and behavior change, in general and for teachers specifically, discussed above. Further, I design
PD materials aimed to introduce instructors with the value of teacher immediacy and nonverbal
behaviors, however in this work, I do not focus on influencing value, or the locus of control
of instructors. More details about those choices are described in the studies in Chapter 7 and
Chapter 8.

6.2 Content of Part 2

In the following 2 chapters in Part 2 I will share the research and findings on designing a
teacher dashboard with teachers’ own data and exploring how to support reflection-for-action.
In Chapter 7, I describe an exploratory and design study together with findings of sharing with
teachers their own data and investigating their data needs and interests. In Chapter 8 I describe
a study that builds on these findings and aims to investigate supporting teachers’ reflection-for-
action through supporting task value and SE. In these studies, I do not focus on measuring
behavior change rather I focus on investigating and better supporting reflection-for-action and
measuring various proxies for behavior change and teachers’ intentionality to change.
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Chapter 7

An Exploratory and Design Study of
Teachers’ Data Needs In Terms of
Teacher Immediacy and Nonverbal
Behaviors

This chapter is based in part on the following publications:

e [259] Franceska Xhakaj, Na Young Lee, Erik Ulberg, Amy Luo, Seoyoung Lee, Katrina Hu
and Amy Ogan. 2021. Investigating Teacher Data Needs In Terms of Teacher Immediacy
and Nonverbal Behaviors. In de Vries, E., Hod, Y., and Ahn J. (Eds.). (2021) Proceedings
of the 15th International Conference of the Learning Sciences - ICLS 2021. Bochum,
Germany: International Society of the Learning Sciences.

e [11] Karan Ahuja, Dohyun Kim, Franceska Xhakaj, Virag Varga, Anne Xie, Stanley Zhang,
Jay Eric Townsend, Chris Harrison, Amy Ogan, and Yuvraj Agarwal. 2019. EduSense:
Practical Classroom Sensing at Scale. Proc. ACM Interact. Mob. Wearable Ubiquitous
Technol. 3, 3, Article 71 (September 2019), 26 pages.

Abstract: Teachers play a crucial role in students’ learning. Therefore, it is important to
support teachers in their teaching. In particular, it is important to support teacher immediacy
and nonverbal behaviors, which are essential to teaching, learning and to creating a positive
classroom environment but are often overlooked in teacher training and challenging to capture
for giving feedback. As classrooms become instrumented with technologies, opportunities emerge
to provide teachers support with data from these technologies. In this chapter, I describe
an exploratory and design study with 9 instructors at a R1 institution. The study aims to
understand teachers’ values, efficacy, motivations and interest around teacher immediacy and
nonverbal behavior data. In addition, the study explores how these constructs change after the
teachers see their own nonverbal data and what goals, if any, they set to change their behaviors
in the classroom. The results of the study show that teachers score quite high but with room for
improvement in relation to various measures of value, efficacy and motivation. Teachers showed
interest in location and eye contact data about themselves and their students. They set goals
for behaviors they wanted to change and mentioned challenges they face in using such behaviors
in the classroom. The study uncovers how immediacy and nonverbal data can help teachers in
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their practices and provides solid recommendations for designing technologies that support such
practices.

7.1 Introduction

Teachers are crucial in supporting students’ learning in the classroom. It is very important
to support teachers in their practice and help them improve on their teaching. Professional
development (PD) is a traditional way to provide training and feedback to teachers. PD is
highly effective (i.e., [30, 240] but can often be repetitive, not personalized, not scalable and
infrequent (Hill, 2009). In particular, for university instructors, there is a lack of training and
opportunities for PD. This leads to instructors learning how to teach on their own and feeling
isolated (i.e., [68, 112, 113]).

PD training and feedback often overlooks teacher immediacy and nonverbal behaviors, an im-
portant aspect of teachers’ classroom skills. Prior work has shown that immediacy has a positive
impact on teaching, learning and on creating a positive and inclusive classroom environment
(i.e., |22, 64, 173, 253|). Furthermore, it is extremely challenging to collect immediacy and non-
verbal data, even with professional observers. Such data is fleeting to get at a small scale (i.e.,
teacher gaze during a class session), and nearly impossible to get at a larger scale (i.e., students’
gaze over the semester). Thus, there is a gap and opportunity to better support teachers and
their practices in the classroom.

Recent advances in instrumenting classrooms with various technologies and sensors (i.e., [11])
raise new opportunities to provide teachers with more personalized and scalable feedback. Such
technologies could collect and generate data both on teachers and students. In particular,
they would make it very easy to collect a variety of nonverbal immediacy data at scale. This
information can then be shared as feedback to instructors to help support and improve their
practices, as a first step toward changing their long-term behaviors.

In this chapter, I describe an exploratory and design study I ran during the Summer 2019
semester with 9 instructors at an R1 institution. Through the study I aimed to investigate
teacher data needs and to understand how such data can support teacher practices and behav-
ior change in the classroom. I focused my investigation on teacher immediacy and nonverbal
behaviors and used an instrumented classroom to collect these data ([11]). I used semi-structured
interviews paired with boundary object designs (|219]) aimed to engage participants in a dis-
cussion about a speculative future. The overall research questions of the study that I discuss in
this chapter are the following:

e RQ1: What are teachers’ familiarity, values, beliefs, assessment of their performance, their
self-efficacy and motivations, etc., around teacher immediacy and nonverbal behaviors?
How do such constructs change after teachers see their own nonverbal behavior data?

e RQ2: What data are teachers interested in?
e RQ3: How did seeing their data affect teacher goal setting for changing their behaviors?

The results of the study show that teachers score quite high but with room for improvement in
relation to the various measures for values, efficacy and motivations. After seeing their data,
teachers’ score in relation to those measures increased. Findings also showed that teachers
were interested in their and their students’ data, and data that showed how students reacted to
teacher actions. Teachers were interested in their location, movement, eye contact and gaze data
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as well as student engagement and attention data. The boundary object designs proved effective
to facilitate a discussion about a speculative future. Teachers brainstormed ideas and set goals
to change their behaviors. They brought up challenges that prohibit them from improving their
immediacy and nonverbal behaviors, including classroom size, the technologies they use, and
the physical layout of the classroom. These findings are important to researchers and designers
of technologies aimed at supporting teachers and helping improve their practices.

7.2 Methodology

I ran an exploratory design study during the Summer 1 2019 semester at Carnegie Mellon
University (CMU). Summer 1 semesters are 6 week long and generally run from May 20th until
July 2nd. During this period, a subset of classes that normally run during the Fall/Spring
semesters (14-15 weeks) are compressed in 6 weeks, which makes classes 2.5 times faster than
usual. During the summer semester, instructors teach from Monday to Friday for 6 weeks
straight. As a result, there are fewer classes running and fewer instructors teaching during this
time. In addition, due to the faster pace of the courses, instructors have less time to spare
for participating in studies and any other activities outside of everyday teaching. Lastly, many
high-school juniors and seniors, who more often than not are minor students (per U.S. standard,
younger than 18 years old), also take those classes as part of their summer programs. This is
important because, as described below, for the purposes of this study the IRB does not allow
for studies like the current one to happen in classrooms where minor students are present.

7.2.1 Sensors in the classroom
Classrooms Equipped with Sensors

To collect data on teachers’ nonverbal behaviors in the classroom, I used the EduSense a cutting-
edge technology that allows instrumenting classrooms with sensors to collect audio and video
data automatically and uses Machine Learning techniques to generate information on teacher
and student behaviors [11]. There are two sensors installed in each classroom, one at the front
of the classroom, facing students, and one at the back of the classroom, facing the instructor at
the front (Figure C-2).

Data Collection, Processing, Filtering and Presenting

Data collection happens automatically through a scheduler software that starts and stops the
sensors on provided days and times. The collected data (audio and video) is saved in a database
and then processed through EduSense. The EduSense system has the ability to generate a
variety of measures both on student and teacher behaviors as described in [11].

The data generated by the EduSense system is in a raw and not-directly usbale form for the
purposes of showing teachers their own data. For example, the teacher location is represented
by (x; y; z) vector coordinates over time and gaze is represented by (x; y) angle coordinates
that represent the 3D direction of gaze. These vector and angle coordinate data need to be
"translated" into measures that make sense in the physical space of the classroom environment.
For this study, the team developed a temporary app that would read a subset of the raw data
processed by EduSense and do this "translation" into data that make sense in the physical
classroom environment. As an example, the app would take (1) the (x; y; z) location vector
coordinate over time as well as (2) the coordinates that divide the front of the classroom where
the teacher stands into Right-Center-Left sections. Using this information, the app then would
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. Classinsight Project

Figure 7-1: (On the left) Sensor consisting of a camera that collects audio and video data. (On
the right) Sensor installed at the back of the classroom, facing the front, to collect audio and
video data on the instructor.
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Figure 7-2: Example of the post-processed EduSense data in figure form.

create charts and visualizations that plot where the teacher is standing at the front of the
classroom (Figure 7-2) or what percentage of the class time the teacher is spending on the
Right-Center-Left sections of the front of the classroom (Figure 7-3). The app was meant for
temporary use and only by researchers (not instructors). The temporary app is the first step
towards developing the full ClassInSight app.

The next steps in processing and filtering the "translated" data before it is shown to instructors
are quite more manual. For example, I would first check the produced charts by hand and notice
any outlier class sessions that did not seem consistent with the rest of the data for a particular
teacher. For example, in Figure 7-3) class sessions on 6/14 and 6/18 are noticeably different
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Charts for:

Time spent in left, center, and right sections of classroom by an instructor.
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Figure 7-3: Example of the post-processed EduSense data in chart form.

from the other class sessions. After manually checking those two dates, I found that 6/14 was an
exam day thus the teacher showed different nonverbals compared to a normal lecture while 6/18
was a session that happened after this study intervention that might suggest a positive change in
teacher behavior. Similarly, I would skim through the video recordings and manually filter from
the data class sessions where there was an exam (not useful data), a guest lecturer (different
instructor) or a different type of activity was happening that day (i.e., student presentations).
Such filtering is not possible to be done automatically yet and it has been pinned as future work
by the EduSense team. While filtering the data, I would also keep notes of the location of the
teacher in relation to the podium/table (behind or in front) and the location of the projected
slides. This information was manually entered in the data shown to teachers (i.e., the legend
in Figure 7-3). Once I had done all the filtering and validation, I manually copied each chart
in the study materials for the respective teachers which then I would print and use during the
interviews with the teachers.

7.2.2 Recruiting and Participants
The Process of Recruiting Participants

The first step I took in determining potential participants was to figure out which instructors

were teaching during Summer 1 in classrooms equipped with EduSense sensors. I used CMU’s
Schedule of Classes website (available at https://enr-apps.as.cmu.edu/open/SOC/SOCServlet/search)
and filtered courses by semester. I wrote a Python script that would then read the HTML file

with the search results of courses being offered during the summer, parse it with a package
called BeautifulSoup and automatically filter the classrooms that were equipped with sensors.

The final result was a text file with the courses that were being taught in the sensor-equipped
classrooms. The only criteria I used to filter instructors and courses to recruit for the study was

if these instructors taught in classrooms that were equipped with sensors.

The next step in the recruitment process was to email the instructors with a short description
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of the study and a request to meet briefly to discuss about the study. Examples of the emails
and the study description are included in Appendix B. I started recruiting instructors 1-2 weeks
before classes started.

I would personally meet with the instructors, describe the study in more detail to them and
answer any questions they had. If the instructors were interested in participating in the study, I
would ask them to sign the consent form (see Appendix B). Once I got the instructors’ consent,
the next step would be to introduce the study to TAs (teaching assistants, if the course had
any) and the students in the course and request their consent to run the study (see Appendix
B). For students, I would set up a time (2-5 minutes) at the beginning of a class to introduce
the study to the students (see Appendix B), and to get their verbal consent to run the study. If
all students agreed to the study and there were no minors attending the course, I would start
data collection in that class from the next class session until the end of the semester. If the
study had even one student who did not agree to the study or if there were minors attending
the course, I would not run the study in that course.

I offered instructors a token of payment of $15 per hour for their participation in the study
(time they spent outside of class with questionnaires and the interview, as described below).
Instructors were not compensated for teaching time. Students were not compensated for their
participation in the study.

To note is the fact that fewer instructors teach over the summer semester (there are fewer classes
offered during this semester to begin with) which restricts the population I could reach out to for
participating in the study. In addition, due to the nature and fast pace of the summer courses,
instructors have less time to participate in any studies, provided they are teaching Monday
through Friday for 6 weeks. Lastly, many minor students take these summer courses at CMU,
which also restricts the instructors and courses I can work with. Per IRB regulations, due to
the fact that I do audio and video data collection in the classroom, I am not allowed to do that
with minor students present.

Participants Who Took Part in the Study

I emailed 20 instructors who taught at least one class during the Summer 1 2019 semester (2
instructors taught 2 courses and 1 was teaching 3 courses). Out of those 20, 11 instructors
showed interest in participating in my study (10 instructors participated with the 1 class and 1
instructor participated with the 2 classes they were teaching).

On the other hand, 4 instructors replied to my email or told me in person they were not interested
in the study. Some classes had minor students, thus 1 instructor, despite being interested in
the study could not participate while another instructor could participate only with 1 out of
the 3 classes they were teaching (the other two classes had minor students). Only in 1 case
the instructor was on board with the study but there were students in the class who did not
consent to the study. Lastly, for 3 of the instructors I emailed, I never heard back through email
and could not find their class running even when I visited in person; this could mean that the
class got cancelled or that it got switched to another location without updating the schedule of
classes.

Out of 11 instructors who agreed to participate in the study, I decided to drop one course as I
got the instructor and student consents too late to have enough time by the end of the summer
semester to do any useful data collection. For the instructor who participated with both their
classes, I did data collection on both classes but used the data only from one of the classes
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Table 7.1: Recruiting and participation in Summer 1 2019
Instructor and class on board | 11 instructors (all participated with 1 class
with study they were teaching except 1 instructor who
participated with 2 classes)

Instructor on board with | 2 instructors with 2 classes each
study but there were minor
students taking the class

Instructor on board with | 1 instructor with 1 class
study but there were students
in class not on board with

study

Instructor not on board with | 4 instructors with 1 class each
the study

Could not get in touch with | 3 instructors/classes
instructor /class

(randomly picked) as both courses had very similar teacher nonverbal data. The classes that
took part in the study were a mix of different subjects and fields (Chemistry, Japanese, Writing,
French, Anthropology, Math, Music, Economics, etc.) and different levels (from introductory to
higher level courses). Again, I did not filter by any criteria rather than whether the classroom
where the class was being taught had EduSense sensors installed.

Out of the 10 instructors remaining in the study, only 9 of them completed the pre-questionnaire.
Out of those 9, only 8 took part in the interview and saw their data. Finally, only 7 of the 8
completed the post-questionnaire.

This dilution from how many teachers I reach out to (20) to how many actually complete all
stages of the study (7) shows how challenging it is to get enough teachers and students to sign
up for in-the-wild classroom studies and how many things need to be taken into consideration
and could go wrong during this process. One lesson learned for future studies and potentially
helpful to other researchers working in a similar domain is to always carefully consider the
number of participants (instructors and classrooms) they need for their studies and then triple
that number for the amount of participants they reach out to in order to get a third of them on
average take part in all parts of a study.

In addition, given the lengthy process from recruiting to getting final consent of all parties, I
was only able to do data collection in the last 2 weeks of the Summer semester. Some of the
class sessions I did data collection on were exam sessions or sessions where class was happening
outside or in another location, from which I could not extract any useful data on the instructor.
In a few other class sessions, despite the class session itself being appropriate for the study,
I ran into issues with unconsented third parties being present in the classroom, and due to
IRB regulations I could not use those data in my studies (please see the IRB section below for
more detail). Thus, ultimately, provided the limited time and these extra challenges with data
collection, I ended up collecting anywhere between 3 to 9 class sessions per instructor. On a
positive note, instructors tend to be pretty consistent in their data, thus the data is quite similar
within a course despite the few class sessions.
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7.2.3 Experiment Design

Once I had collected data from a few class sessions, I emailed instructors a pre-questionnaire in
SurveyMonkey. I asked them to fill it at their own time and once they did, I requested them to
set a 1 hour time to meet with me where I would share with them some Professional Development
materials as well as data that I had collected from their class. They could set up the meeting
through a link in the website Youcanbook.me. 1 then met with the instructors and ran the
semi-structured interview sessions. After the interviews, I followed up with the instructors in
another email asking them to fill the post-questionnaire. Originally, I had planned to meet with
the instructors in person for them to fill the post-questionnaire, however, it was more convenient
for the instructors to do this in their own time. The experiment design as described here is also
depicted in Figure 7-4.

Data Collection in Class

Instructor fills
pre-questionnaire
(~30 mins,
SurveyMonkey)

Instructor sees
PD + data materials
(~1h, semi-structured
interview)

Instructor fills
post-questionnaire
(~30 mins,
SurveyMonkey)

Figure 7-4: Example of the post-processed EduSense data in figure form.

7.2.4 Study Materials

I paired the interviews with boundary object designs on paper, which simulated a future tech-
nology and presented teachers with a subset of data collected from their own course as described
above. The purpose of the designs was to start a conversation with instructors and engage them
in a discussion around immediacy, nonverbal behaviors, and data they could envision wanting
or needing. It is challenging to achieve this goal through methods such as Contextual Inquiry or
Participatory Design as in the present, instructors get no data on their immediacy and nonverbal
behaviors, nor do they get any training or PD on this topic. This makes it challenging for them
to envision a technology that could provide such information. The boundary object designs
allowed instructors to explore and discuss a future that did not exist for them and created the
opportunity for them to engage with ideas of what would be helpful to them in the classroom.

The design of these study materials was based on the research questions discussed in the in-
troduction. I designed the pre and post questionnaires to measure various aspects of teachers’
values, beliefs, self-efficacy, motivation, assessments, etc. of their nonverbal behaviors, etc.
(as shown in Table 7.1). The Professional Development materials were aimed to introduce
the teacher immediacy and nonverbal behavior concepts and the value of such constructs (as
discussed in Chapter 6). Further, the data shown to teachers aimed to provide meaningful
visualizations to support teacher reflection and and interest in data. The data also provided
teachers with various benchmarks and feedback to help them assess their performance and mo-
tivate them to change their behaviors. The questions that I asked teachers during the interview
were aimed to support reflection and investigate teacher interest in such data and teacher in-
terest in goal-setting and behavior change. Various parts of the post-questionnaire were also
aimed to measure teacher goal setting as well as behavior change proxies (such as willingness
and readiness to change). Similarly, the additional and final PD materials I shared with the
teachers were introduced as a way to provide teachers some suggestions on what goals they
could set for changing their immediacy and nonverbal behaviors and how to act out those goals.
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Proxemics: The focus of teachers’ nonverbal data

The focus of the materials and data presented to teachers were nonverbal behaviors related to
proxemics: the location of the teacher in the classroom. More specifically, the data included
(1) the percentage of time the instructor spent on the right, center and left sides of the front of
the classroom, (2) whether the teacher was in general sitting or standing, and (3) whether they
were located behind or in front of the podium or table at the front of the classroom.

The choice of sharing these data with the teachers was based on (1) an extensive literature
review of various nonverbal behaviors and their effects on students and the classroom and
(2) the capabilities and limitations of the EduSense system to generate certain data. There
exists a large body of research that has studied the effects of the instructors’ use of immediacy
through proxemics while teaching on their students and the classroom environment. Immediate
teachers communicate at physically closer distances and they choose direct unimpeded angles
when interacting with their students. They spend time among their students rather than behind
their desk or a podium [24]. In contrast, a teacher who stands behind their desk or podium and
rarely approaches their students or allows them to approach her/him is perceived by students
as unfriendly, unreceptive, unapproachable, and nonimmediate and noncaring [201]. Similarly,
teachers who sat at, on, beside, or behind their desks were rated by students as low in both
affection and inclusion. Teachers who moved in front of their desks or among their students
were perceived as warm, friendly, and effective by their students [119]. At the same time,
location data was a more convenient data to operationalize and translate into a real classroom
environment (from the raw EduSense data, as described above) compared to other data such as
gaze that are more challenging to translate into a classroom environment.

Pre-questionnaire and Post-questionnaire: Design and Decisions

Through the pre and post questionnaires I aimed to measure a range of variables as shown in
Table 7.1 in order to better be able to understand the values, efficacies and motivations of the
instructor population. To begin with, in the pre-questionnaire, I was interested in measuring
variables such as teachers’ prior knowledge and familiarity with immediacy and nonverbal be-
haviors and their beliefs, perceived importance and value of those behaviors. In addition, I was
interested in measuring variables that could affect teachers’ reflection and goal-setting such as
their general self-efficacy for teaching and their self-efficacy for immediacy and nonverbal behav-
iors (as discussed in Chapter 6). Furthermore, I chose two questionnaires to measure teachers’
general motivation for teaching and their planned effort, planned persistence and professional
development aspirations. I was also interested to measure how teachers perceived and assessed
their own nonverbal behaviors in the classroom. Lastly, I collected a range of demograph-
ics variables, and information on teachers’ experience in teaching and with with professional
development.

Many of the items in the post-questionnaire were the same as the items in the pre-questionnaire,
as shown in Table 7.1. My aim was to measure any changes in the various variables before and
after teachers took part in the intervention as part of the study. In addition, in the post
questionnaire I also included a new questionnaire to measure teachers’ self-perceived learning
and attitudes on the study materials and their motivation for taking part in the study. Lastly,
I measured teachers willingness and readiness to change and the specific goals they would set
for themselves after the study.

I assigned an anonymous ID to each participant to identify them in the study. I designed
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and created the questionnaires using SurveyMonkey. Each questionnaire (pre and post) took
instructors around 30-40 minutes to complete. In Appendix C I include the full pre and post
questionnaires that teachers worked with. Teachers took the questionnaires online despite them
being shown in printed form in Appendix C. In Table 7.2 I provide details on the variables I
measured in the questionnaires, whether this questionnaire was in pre, post or both, the original
source of the questionnaire from literature and the modifications that I did to it to adapt it to
the aims of the current study.

Questionnaire| Pre vs Post Source Original « In study «
Self-efficacy | Pre: p6-9, QI; | From TSES [227]; Re- | 0.94 Pre:0.92; Post:0.97
(for teaching | Post: pl1-14, Q1 moved Q13 and Q22, kept
in general) all others in the same or-

der as original source
Self-efficacy | Pre: pl0-11, Q1; | I created based on [40] - Pre:0.96; Post:0.99
for  imme- | Post: p15-16, Q1
diacy and
nonverbal
behaviors
Nonverbal Pre: pl2-14, QI; | From [198, 200] removed | 0.9 Pre:0.85; Post:0.93
immediacy Post: P17-19, Q1 items 2,5,26 (related to
self-report touching behavior) but

kept  everything else.

Change the wording to

"while teaching"
Motivation Pre: pl15-17, Q1-3; | I  created open-ended | Ql: —. Q2: | Pre: In-
for teaching | Post: p20-22, Q1-3 | questions (items 1 and 2). | —; Q3: In- | trin+Ident:0.78; In-

Item 3 was taken from

trin+Ident:0.79; In-

troj:0.87; Ext:0.29;

Table 3 in [250] troj:0.66; Ext:0.68; | Amot:0.56  Post:
Amot:0.748 Intrin+Ident:0.81;
Introj:0.94;  Ext:-
2.8; Amot:0.83
Planned ef- | Pre: pl18-19, Q1-2; | From Table 2 in [244]: | Eff: 0.91; Asp: 0.91 | Pre:0.82(Eff:0.93;
fort, planned | Post: p23-24, Q1-2 | kept only the questions Asp:0.65);
persistence in relation to Planned ef- Post:0.94(Eff:0.96;
and pro- fort, Planned persistence Asp:0.78)
fessional and Professional Devel-
development opment aspirations (with
aspirations slight modification to the
language)
Confidence Pre: p4, QI; Post: | Confidence  (Item 1) | — -
in  teacher | p9, Q1 adapted from Readiness
immediacy Rulers (RR) (for exam-
skills ples, see [92, 131, 228])

Value of im-
mediacy and

Pre: p5, Q5; Post:
pl0, Q3

I created beliefs about
immediacy and nonverbal

Pre:0.81; Post:0.69

nonverbal behaviors (Item 5)

behaviors

Around Pre: p4-5, Q2- | Icreated open ended ques- | — —
teacher 4; Post: p9, Q2 | tions (Items 2-4)

nonverbal (removed 3-4 open

behaviors ended question in

and immedi-
acy

post)
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Prior Knowl- | Pre: p2-3 I created the questions — —
edge as-
sessment
of imme-
diacy and
nonverbal
behaviors
Demographics| Pre: p20 I created the questions - -
On the | Pre: p21 I created the questions - -
course  you
are teaching
this semester
Experience Pre: p22-24 I created the questions - -
in teaching
Motivation Post, p 25-26, Q1 From [88] No alphas reported | Post: In-
for  taking trin+Ident:0.81; In-
part in study tr0j:0.76; Ext:0.86;
Amot:1.00
Self-reported | Post: p2, Q1-2 From [199], changed from | — 0.93
learning 0-9 to 0-10 scale, changed
the wording to match the
study activities
Attitudes Post: P3-8 all ques- | From Figure 4 in [63] re- | [63] no  data, | 0.98
tions moved 9-12 and 21-24 for | but  other  pa-
first measure and then for | pers  [102]=0.98,
second and third measure | [168]=0.94
only did 1-4 (with slight
modifications to the lan-
guage)
Goals Post: p28-29 Item 1: commitment and | — Readiness:0.97;

willingness to change and
Item 2 readiness to change
were adapted from Readi-
ness Rulers (RR) (for ex-
amples, see [92, 131, 228)),
I created Item 3 specific
goals set for change

Willingness:0.99

Table 7.2: Pre and Post questionnaire big categories with sources

I designed the questionnaires after doing a thorough literature review on the types of question-
naires researchers had used to measure the variables I was interested in (shown in Table 7.2).
I used most of the questionnaires as they were in their original form and research papers they
were published in. I modified some of the questionnaires to better fit my study needs. For
example, as shown in Table 7.2, for some of the questionnaires I removed questions that made
no sense for the current study and for some other questionnaires I modified the wording so that
it was teacher and teaching specific. Lastly, some questionnaires I created on my own, as to the
best of my knowledge there was no prior work that had created or used such questionnaires.
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Structure of the Interviews: Designs and Decisions

After the instructors took the pre-questionnaire on their own time, I meet with them for 1-hour
for interview where I shared with them the PD and dashboard materials discussed above. 1
structured the the interview in a semi-structured format, where I followed a pre-defined protocol
of questions while allowing for impromptu and follow up questions based on the discussion.

The full materials that teachers saw during the interviews are shown in Appendix C. The pages
with text in Italic, only I (the researcher running the study) saw and read out loud to the
participants. This is the protocol with questions that I followed, while also asking on-the-spot
questions based on what the teacher said or did. All the other pages in the materials, I prepared
in printed form and shared with the instructors during the interview. Below, I list the order of
the teachers were introduced to the materials.

1. (Introduction to Study): Researcher reads to participant page 1

2. (Professional Development): Researcher hands participants pages 2-6 and gives participant
time to read and ask questions

3. (Instructions for seeing their data): Researcher reads to participant page 7

4. (Data Part 1: Your performance): Researcher hands participant pages 8-9 and gives
participant time to reflect on data, ask questions

5. Researcher asks participant questions on page 10 to support participant reflection and to
investigate what data the participant is interested in seeing

6. (Data Part 2: Your performance compared to an Effective Teacher Standard): Researcher
hands participant page 11-12 and gives participant time to reflect on data, ask questions

7. Researcher asks participant questions on page 13 to support participant reflection and to
investigate what data the participant is interested in seeing

8. (Data Part 3: ClassInSight Feedback): Researcher hands participant page 14 or 15 based
on the experimental condition the participant is in (verbal persuasion - page 14, Social
comparison - page 15) and gives participant time to reflect on data, ask questions

9. Researcher asks participant questions on page 16 to support participant reflection and to
investigate what data the participant is interested in seeing

10. Researcher asks participant questions on page 17 to investigate participant’s intention for
goal setting and desire for behavior change

11. (How you might work to change your proxemic nonverbal behavior in the classroom): Re-
searcher hands participant page 18 if they are interested in seeing some suggestions on
how they can change their behavior.

12. (Feedback on Study): Researcher wraps up interview with questions on how the study
could be improved, page 19

Professional Development (PD) Materials

The PD materials are the first materials the instructors were presented with at the start of
the interview. The purpose of those materials was to introduce the teachers to the concepts of
immediacy and teacher immediacy (the teachers had seen some high level definitions of these
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topics in the pre-questionnaire). The PD materials also discussed the importance and value of
immediacy to teachers, students and classroom environment more in general. Introducing the
value of immediacy and nonverbal behaviors was meant as a way to support teachers’ motivation
for setting goals and engaging in behavior change (as described in Chapter 6). Lastly, the PD
materials introduced teachers to different types of nonverbal behaviors focusing specifically on
proxemics, the location of the teacher in the classroom and the importance of this nonverbal
behavior.

Once the teachers read the PD materials, I answered any questions that they had on the mate-
rials. Then, I shared with teachers their own data in three parts.

The data

After seeing the Professional Development materials, teachers were provided data on their per-
formance in the classroom, based on the data collection I did for a few class sessions. Teachers
saw the data in 3 parts. I asked teachers to think out loud as they were looking at their data
and answered any questions that they had during the process. After seeing each part of the
data I asked teachers (1) How they would assess their performance/how do they think they were
doing? (2) What other data or information they want to see? The purpose of those questions
was to support teacher’s reflection and sense making while making sure they engaged with the
data, assessed their performance and expressed their opinions on the provided data or interest
in other data.

Data Part 1: Your performance

In this part, I showed teachers "raw data"; their own data visualized in charts without any
external assessment or feedback. The reason for this design choice was to see if teachers were
aware at all of their nonverbal behaviors and what self-perceptions they had of nonverbal be-
haviors in the classroom more in general. Lastly, I wanted to explore how teachers would assess
their performance when seeing data.

As shown in the study materials in Appendix C, the data presented to teachers in this part
consisted of a:

1. Text description of the teachers’ data. The text description had some information on the
number of sessions I did data collection on, as well as some qualitative information on
whether the teacher was generally sitting or standing during class and whether they were
staying in front of or behind the podium or table in front of the classroom.

2. A chart showing the teachers’ percentage of time staying at the right-center-left sides of
the front of the classroom. This chart was an average across all class sessions I did data
collection on for that particular teacher.

3. A distribution through a dot chart of the teacher’s location at the front of the classroom.
The green dots show where the teacher was located at the front while the grey dots show
when the teacher was away from the front of the classroom or when the EduSense system
would mistakenly classify a student sitting at the front row as the teacher.

4. A view of where the students generally sit in class which was meant as a way to remind
the teacher of the physical layout of classroom from the teacher’s point of view as well as
share with the teacher an example of where their students generally sit.

Data Part 2: Your performance compared to an Effective Teacher Standard
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In this part of the data, I showed teachers once again their own data similar to Part 1, however
this time their data was shown against an Effective Teacher Standard. The purpose of this part
of the study was to provide teachers some feedback to help them assess their own performance
and contextualize how they are doing. The materials the teachers were presented with (also in
Appendix C) were as follows:

1. A text description of what the literature suggests an effective teacher does and does not
do in the classroom, in terms of their nonverbal behaviors.

2. The bar chart from Part 1 showing the percentage of time the teacher spent at the right-
center-left sides of the front of the classroom compared against "an effective teacher stan-
dard" line at the value of 33.3%. This effective teacher standard was based on the premise
that teachers should strive to spend an equal amount of time in front of the students
in each part of the class (right-center-left), which would lead to an average of 33.3%
(100%/3) of the time per part (right-center-left).

Data Part 3: ClassInSight feedback

In the third and last part of the study, in addition to sharing with teachers their own data, I
provided to them motivational feedback from the ClassInSight app. Motivational feedback is a
type of feedback that aims to motivate the participant to do better rather than simply to inform
them about how good or accurate their performance is [213]. My aim was to investigate how
teachers would react to this motivational feedback, and would this feedback be motivating to
them to set goals to change their behavior in the classroom and to help increase their self-efficacy
and motivation as measured in the post-questionnaire.

Teachers received one of the two types of the motivational feedback in Part 3 representing the two
experimental conditions: the verbal persuasion condition and the social comparison condition.
I randomly split teachers in these two conditions. Except for this part where teachers were
divided in conditions, every other part of the study and experiment was exactly the same for all
teachers and they saw the same materials, types of data and information. I picked the conditions
based on Bandura’s work on self-efficacy [34, 35, 38] which shoes that both verbal persuasion
and social comparison have the power to support and improve self-efficacy at varying degrees.
My aim was to support teachers SE as a way to support their motivation for goal-setting and
behavior change (as described in more detail in Chapter 6).

Verbal persuasion [34, 35] is generally used to support people to believe that they have the skills
and capabilities to achieve what they seek. Verbal persuasion can help people reach a successful
performance however it is generally considered as limited in its power to increase self-efficacy or
create permanent long term increases in self-efficacy. This because outcomes are described and
not experienced by the participants and can depend on the credibility of the persuader [261].
In my study, I provided teachers Verbal persuasive feedback in the form of a short paragraph of
text that mentioned they have been doing a very good job and most certainly have the ability
and skills to improve (for the full feedback, see Appendix C.3, page 14).

Social comparison [34, 35, 38| on the other hand is a form of vicarious experience and refers to
people assessing their abilities and capabilities in relation to how others have performed on the
same task or topic; namely people self-compare with others to assess their performance. How
people judge their abilities and capabilities is influenced by who they compare themselves with.
For example, seeing oneself surpassed by others undermines self-efficacy however seeing oneself
surpass others strengthens personal efficacy. In my study I implemented social comparison by
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presenting teachers their data compared against another instructor who was doing worse than
them in terms of proxemics (the percentage of time spent at the front of the classroom on the
right-center-left sides). The data was accompanied by a paragraph saying that their performance
was very high compared to other instructors who had worked with ClassInSight in the past (for
the full feedback, see Appendix C.3 page 15).

Goals

At the end of the interview, I asked teachers if, based on the materials and the data that they
saw, they would like to change something in the nonverbal behaviors they use in their class
and if so, if they could list 2-3 ways they would like to change and why. The purpose of this
question was to measure the willingness and readiness of teachers to change their behaviors in
the classroom and the goals, if any, that they would set to themselves. I also wanted to have a
discussion with teachers around what they saw as feasible or not in changing their behaviors,
things they were excited to change and things they were unwilling or foresaw would be difficult
to change.

In addition, I asked teachers if they wanted to see some suggestions on how they could change
their nonverbal behaviors in the classroom. My aim was to first measure once again teacher
willingness to consider behavior change as a proxy and first step before actual behavior change.
Secondly, I wanted to provide teachers extra PD materials with suggestions and ideas of what
they could change in their nonverbal behaviors in the classroom that were more actionable.

How you might work to change your proxemic nonverbal behavior in the classroom

If the teacher replied yes to the question above, I would share with them a one-page PD material
with more actionable suggestions on how they could change their nonverbal behaviors in class,
focusing on location related behaviors while including some other behaviors more in general.
Suggestions included how to spend a more equal amount of time in each part of the class, how to
stand more in front of a podium or desk and how to maintain student attention and engagement.
I introduced this part of the PD to support teacher goal setting and provide them some more
suggestions of what they could change in the classroom if they were interested to, and how to
go about that.

7.2.5 Data analysis
Analyzing the questionnaire data

My team and I conducted the analysis of the questionnaires and generated the charts and results
as described in the Findings section. We used Microsoft Excel and R to conduct the analysis
and generate the charts.

Cronbach’s Alpha for the questionnaires

In Table 7.2 T have calculated Cronbach’s Alpha [69] for all the items in both the pre and
post questionnaire. In the column next to the calculated Alpha, I have included the original
Alpha found in the literature under the Source column. Note, there were multiple items in the
pre and post questionnaire that were single questions (i.e., confidence) or only two questions
(i.e. external regulation), for which Cronbach’s Alpha could not be calculated. This can be
insufficient to fit the assumptions for calculating the alpha as the literature recommends 3 items
at least [169]. In addition, in many cases, the source of the questionnaire did not use or share a
Crobach’s Alpha thus the value is missing in the "Original Alpha" column. Lastly, the reader
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should keep in mind that, as described in the same table, the questionnaires were often modified
and changed slightly or drastically to match the study goals.

Despite the low number of participants in the study (9 for pre and 7 for post), the alphas
are generally quite high (above 0.8) and match the original alpha when available, with a few
exceptions. Even for the items that I created on my own, the alphas are quite high. In the cases
when the alphas are on the lower end, it can be justified with the fact that there were a very
small number of participants which would affect the value of the alphas. To summarize, provided
that the questionnaires have been used and vetted in literature and provided the small sample
size in this study, the calculated Cronbach’s Alphas are adequate for the following analysis.

Analyzing the interview data

Research assistants in our team transcribed the interviews independently. We then used Atlas.ti
to conduct a deductive thematic analysis on the transcriptions [2, 3, 6, 7, 8, 184]. As the first step
of the deductive thematic analysis, I defined a set of broad themes based on the study aims and
research questions and the existing knowledge my team and I had from running the studies and
re-watching and discussing the interviews. The broad themes included teachers’ interest around
data, teachers’ assessment of their performance, teachers’ ability to monitor nonverbals in class,
teachers’ interest around setting goals and changing behaviors as well as teachers’ comments
around student likeability or feedback. I created a Microsoft Word document with a description
of each of those themes and examples from the interviews of what counted and did not count for
each theme. My team (4 students) and I ran a thematic analysis and independently tagged with
the major themes the same interview . We then came together and discussed discrepancies and
uncertainties in the tagging. We repeated this process once again, at which point we had reached
a common understanding of the major themes. We then split the interviews among ourselves,
and once a week came together to discuss interesting findings or points of uncertainty. Once
the interviews were fully tagged with the major themes, we came together to discuss potential
patterns within each major theme which created sub themes. We reviewed and organized these
sub themes in a second word document and based on it and the discussion described here I
wrote the following findings section.

7.3 Findings and Discussion

In this section I will focus on investigating and analyzing instructors’ (1) pre and post question-
naires and (2) their interviews. In order to have a more coherent presentation and discussion of
findings, I have organized the findings based on the source of the data (pre, post questionnaires
and interviews) rather than the research questions of the chapter. In the Conclusions section I
bring back the research questions and summarize the findings and contributions of this chapter.

To look up the questions in any questionnaire, in Table 7.1 I have included the page numbers
for each questionnaire which can also be found in Appendix C.2. The following analysis is based
on the data collected from 9 teachers filling the pre-questionnaire and 7 teachers filling the post.
In total, 8 teachers took part in the interview sessions.

7.3.1 Analysis and Discussion of the Pre Questionnaires

General Information
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From the 9 instructors who took the pre-questionnaire 7 were male and 2 were female. The
majority of the male participation could be an effect of the more general geneder distribution
in the CMU faculty population. In relation to their role at CMU, 5 instructors were Teaching
Faculty, 2 were Adjunct Faculty, 1 was Tenure Track Faculty and 1 was a Ph.D. student (Figure
7-5(a)). Their teaching experience varied from less than 10 years (2 teachers) to more than 10
years (7 teachers) (Figure 7-5(b)). In relation to their experience with teaching, only 2 out of
9 teachers had been certified as professional teachers while 1 instructor responded they did not
understand what a certified professional teacher meant. Most teachers had experience teaching
at the college level, while 4 also had experience with various levels of K12 teaching.

In relation to their experience with professional development, the majority of teachers, 7 out of
9, mentioned they had worked with the Eberly Center for Teaching Excellence and Educational
Innovation at CMU by consulting with them, taking seminars or teaching in their instrumented
classrooms. The number of seminars they had attended varied widely (from 1 being the minimum
to as many as their time allowed). Outside of PD from Eberly, only 3 out of 9 teachers had not
had any other training on their teaching or any other type of professional development. The
experience the rest of the instructors had with PD involved doing research in education (1), had
acquired a double major/primary major in education (3), had taken workshops outside of school
(1), had taken part in education conferences (1), or were certified teachers as described above
(2). To begin with, the population in this particular study is heavily skewed towards instructors
whose primary job and focus is teaching (i.e., teaching faculty). This is also an effect of running
the study during the Summer semester, where the majority of instructors are teaching faculty,
as for other instructors such as tenure faculty, Summer is generally a time to focus on research,
and not teaching. As a result, the above mentioned findings in terms of the rich experience
instructors in this study have with Eberly or PD outside of CMU make sense in the context of
the population, dedicated and invested in teaching.

How many years have you been teaching in the classroom?
What is your role at CMU? 40
6 " 32
5 5 30
2 26
¢ Years 20
20
3 14 15
2
2 10 8
1 1 I
1 2
H B I o m
0 81 70 67 66 73 83 55 82 93
PhD Student Tenure Faculty Adjunct Faculty Teaching Faculty Ds
(a) Participant roles at CMU. (b) Number of years instructors have taught in the

classroom, regardless of the level taught.
Figure 7-5: Participant demographics.

Familiarity with immediacy and nonverbal behaviors

When asked to self report on their familiarity with the concept of immediacy, most teachers
(6 out of 9) said they were not familiar with immediacy or teacher immediacy (Figure 7-6),
2 others reported they were "Sort of" familiar and only 1 responded "Yes" to being familiar
with this concept. In addition, when asked to provide a definition for immediacy or teacher
immediacy, only 2 out of 9 teachers were able to give a definition for immediacy that came
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close to the immediacy concept while the rest of the instructors either gave a definition that was
totally off from the actual concept (4 teachers), replied they had no idea what immediacy was (2
teachers) or did not respond to the question at all (1). Examples of wrong definitions include ID
73: "I would guess presenting material in such a way that results are immediately relevant? Or
responding to students questions/confusion immediately. " On the other hand, when asked about
their familiarity with nonverbal behaviors, most teachers expressed some level of familiarity with
the term and they all could provide a definition as well as some examples of nonverbal behaviors.
Provided that immediacy is a concept that mostly comes across in literature, it is understandable
why most teachers had no idea what it was. This also shows that despite the large teaching
and PD experience the participants in this study have, they had not heard or got any training
on immediacy before. At the same time, nonverbal behaviors are more likely to come up in
everyday conversations, outside of teaching, mainly in terms of "body language" which is a
more commonly used term.

Are you familiar with the concept of immediacy or
teacher immediacy?
.

Numberof , |
participants

Figure 7-6: Answers to the question of whether they were familiar with the concept of immediacy.

After asking the above questions to teachers, from this point on in the pre-questionnaire, teachers
were provided with definitions for immediacy and nonverbal behaviors at the beginning of each
questionnaire (please refer to the questionnaires in Appendix C.2). These definitions were meant
to help contextualize and define those constructs for the instructors as well as help and support
them to better answer the questions related to those terms.

Confidence in immediacy and nonverbal behaviors

When asked to quantify their confidence in their immediacy skills, most teachers responded
they were confident in their teacher immediacy skills as shown in Figure 7-7(a). In total, 2 out
of 9 teachers responded they were "Very Confident" and 5 out of 9 teachers responded they
were "Moderately Confident" in their immediacy skills. Only 2 teachers responded they were
"Slightly Confident". Overall, the weighted average of teachers’ answers was 3 out of 5 (namely,
"Moderately Confident"). Despite not being familiar with immediacy as a concept, many of
the teachers in this study, provided their many years in teaching experience, have made use of
methods to help develop immediacy or report with their students in the classroom. It is positive
that these results show teachers are quite confident in their skills, however it seems there is room
for improvement to move the teachers’ answers towards "Very" and "Extremely" confident in
the scale.

86



Behavior Change Intentionality

Along the same lines, teachers were asked if they had any specific immediacy or nonverbal
behaviors skills that they wanted to work and improve in their teaching. Their responses are
summarized in Figure 7-7(b). The majority of the teachers, 6 out of 9, responded "Yes" in that
they wanted to work on behaviors such as more gaze and eye contact with the students as well
as more movement in the classroom (among students when they are doing group work and away
from behind the media and console technology they used). One teacher responded they were
"Not Sure" if there were any specifics immediacy or nonverbal behavior skills they wanted to
work on while another one responded "No" to the question. Lastly, one teacher said they did
not have a specific behavior in mind for change, however they were open to improvement. It is
very interesting to note that the 6 teachers who responded "Yes" to this question, included all
the 5 teaching faculty, as well as the 1 Ph.D. student in this study. The teacher who responded
"Not Sure" was a tenure faculty and the teachers who responded "No" and "Not really but
open to improvement" were the two adjunct faculty. One explanation for these results could
be that for teaching faculty, constantly working on and improving their teaching is of primary
importance to their job while for tenure faculty or adjunct faculty teaching might not be of
primary importance and they may have other priorities that take most of their time and energy.

Lastly, when asked to provide examples of nonverbal behaviors that they use in their teaching,
one teacher mentioned they may use them but they were not so conscious of them while the
other 8 teachers provided various examples including facial expressions and gesturing, movement
around the class such as sitting or standing closer to students, as well as using eye contact and
gaze.

How confident are you in your teacher Are there any specificimmediacy or nonverbal behavior
immediacy skills? skills in your teaching that you would like to work and
: improve on?

6 6
6

4

Number of Number of
participants participants

1 1 1
0 0
NO

Contdomt contiontContgemt T Conten ves NOT SURE N T e O
IMPROVEMENT

(a) Teacher confidence in their immediacy skills.  (b) Responses to whether teachers have any immediacy
or nonverbal behavior skills they want to work on or
improve.

Figure 7-7: Teacher confidence and interest in changing.

Values and Beliefs around Immediacy and Nonverbal Behaviors

In Figure 7-8(a) I share in a weighted average form teachers’ beliefs and values around imme-
diacy and nonverbal behaviors. Overall, teachers score between "Agree" and "Agree Strongly"
with each of the statements. In particular, teachers "Agree Strongly" with the statement that
immediacy and nonverbal behaviors have a significant effect on teaching. Surprisingly, they score
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a little lower with the statement that these constructs have a significant effect on student learn-
ing. This is interesting as an effect of immediacy and nonverbal behaviors on teaching would
translate to an effect in student learning, but maybe this indirectness seems too far fetched to
teachers. When asked about a specific nonverbal behavior, movement in class while teaching,
teachers score generally slightly lower. They believe movement has an effect on fostering im-
mediacy but the effect of movement on student learning scores lower. The reason for this drop
from "Strongly Agree" on immediacy and nonverbals in general to only "Agree" on movement
specifically might be because teachers might not value movement as much as they might value
other nonverbal behaviors such as gaze and eye contact, or there might be other factors that
make movement challenging in the classroom. I discuss this point more in detail in the teacher
interview analysis section. In Figure 7-8(b), I plot per teacher, their average values and beliefs
around immediacy and nonverbal behaviors. The majority of teachers, 7 out of 9, score between
the "Agree" and "Agree Very Strongly" categories in the scale. The total unweighted average
across all participants is 5.6, leaning toward "Agree Strongly" of the value of such constructs for
teachers, their teaching and their students’ learning. All in all, these results show that teachers
value immediacy and nonverbals in the classroom more to support teaching and slightly less to
have an effect on student learning.

Please rate your agreement with the following statements.

B = Weighted Average Pre
Agree Very Strongly

6.0

ree Strongh 6 58
Ag gly 54

5.0
Agree 5

Neutral
Disagree
Disagree Strongly

Disagree Very Strongly 1

jacy and bal jacy and bal in class while teaching Movement in class while teaching
behaviors have a significant effect behaviors have a significant effect  has a significant effecton  has a significant effect on student
on teaching. on student learning. fostering immediacy in the learning.
classroom.

(a) Weighted average of teachers’ beliefs and values of immediacy and nonverbal
behaviors.

Averages per participant (pre)
Agree Very Strongly 7

Agree Strongly 6

65 65
6 6
55 55
5
Agree 5
45 4.5
Neutral 4
Disagree 3
Disagree Strongly 2
Disagree Very Strongly 1
66 67 93 70 82 83 81 55

73

(b) Average values and beliefs per participant.
Figure 7-8: Teachers’ values and beliefs around immediacy and nonverbal behaviors.
General and task-specific Self-efficacy

In relation to Self-efficacy, the pre-questionnaire measured teachers’ general self-efficacy for
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teaching (SE) as well as their self-efficacy for immediacy and nonverbal behaviors specifically
(SE-NVB). T used a general as well as immediacy specific self-efficacy questionnaire because
according to Bandura [36], judgements of self-efficacy are very task specific which means that
measures of self-efficacy should also be tailored to the task and domain of interest. In Figures
7-9(a) and 7-9(b) I plot the distribution of teachers’ answers to each of the two self-efficacy
questionnaires. The x-axis represents the average score per teacher over all the questions in the
questionnaire, while the y-axis represents the number of teachers who got that score. At a high
level, despite the small sample size, both charts (Figures 7-9(a) and 7-9(b)) hint at a uniform
distribution for SE and SE-NVB. In addition, SE and SE-NVB have very similar distributions,
which is positive in particular as the SE-NVB questionnaire was created by me based on [40)].
To look in more detail at the instructors’ scores in terms of self-efficacy, I split the 1-9 scale of
the questionnaires, from "Not at all" to "A great deal", into three buckets: low [1, 3.66], mid
[3.67, 6.33] and high [6.34, 9]. I calculated that the participants "fell "into the mid and high
buckets, respectively 2 teachers in the mid-SE/SE-NVB and 7 teachers in high-SE/SE-NVB
(Figures 7-9(c) and 7-9(d)). The average score of SE across all instructors was 6.86 out of 9,
while the average score of SE NVB was slightly higher, namely 7.14 out of 9. This means that
the instructors in this sample had quite high self-efficacy, both general and specific to immediacy
and nonverbal behaviors. Again, this maybe an effect of the majority of the instructors in this
sample being teaching faculty.

Self-reported nonverbal behaviors

The questionnaire that asked teachers to self assess their nonverbal behaviors ranges in score
from 35 (minimum score) to 127 (maximum score). These values were calculated after the
reverse scoring is taken into account and after removing some questions that did not contribute
to the study, as described in Table 7.1. The average score for the pre-questionnaire was 103.3
and the standard deviation was 9.5 ( Figure 7-10(b)). This shows that teachers in this study
perceive they use nonverbal behaviors quite often in class, with the lowest value being 90 and
the highest one being 117 in the range 35-127. Despite the high scores, there is still room
for improvement to increase how instructors self-perceive their nonverbal behaviors. Similarly,
individual participants responded quite highly generally (as shown in Figure 7-10(b)) and the
distribution of their answers is showing a tendency towards normal distribution, despite the
small number of participants (Figure 7-10(a)).

Motivation

When asked what decreases their motivation in trying to do their best in the classes they are
teaching this semester, 5 out of 9 teachers responded that students who do not pay attention
in class, who are not engaged and who are unresponsive during class decrease their motivation.
Similarly, when asked what things motivated them in trying to do their best, one teacher
responded that they found student engagement motivating while 3 teachers mentioned students’
interest in the topic they were teaching as well as their learning in general was motivating. These
answers support the case for the importance of immediacy and nonverbal behaviors in creating a
more friendly, immediate and as a result comfortable classroom environment that helps students
have more interest in the course and as a result be more attentive and engaged in class.

When asked " Why are you teaching this course?", in general all instructors said they were
interested in teaching, enjoyed teaching and had expertise in teaching that particular subject.
In addition, one instructor said they were teaching this course because it was a requirement for
them while another instructor said that someone had to teach the course. Lastly, 3 instructors
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(c) Average SE score per participant and overall average.

SE NVB Pre

Agreat a deal 9

9.00
8.67
7.
7.33 56 .
7.00 7.00 711 74
Quite a bit 7
544
511
Some degree s
Very little I
Notatall 1
73 93 66 83 81 55 70 82 67 Average

(d) Average SE NVB score per participant and overall average.
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Figure 7-9: Teachers SE and SE for NVB.

said that teaching the course provided them with extra income over the summer.

Teachers were also asked to rate their agreement with statements that represented various rea-
sons of why they teach. This questionnaire was was adapted from [250] and measures teachers’
motivation in relation to teaching focusing on five levels of motivation: intrinsic, identified,
introjected, external regulation and amotivation {206, 250] as shown in Figure 7-11. In their
analysis, [250] merge the intrinsic and identified motivations due to the difficulty in differenti-
ating between these levels of internalization. They also analyze separately the introjected and
external regulations and they do not study amotivation due to the low reliability and difficulty of
interpreting this construct. Following this model, in my analysis I study intrinsic and identified
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Figure 7-10: Teacher self-reported NVB.

motivations together, and I study separately external regulation, introjected and amotivation.
In Table 8.12 I list the questions of the questionnaire that measure the respective motivational
constructs.

As shown in Figure 7-13(a), teachers on average score higher on intrinsic motivation (4.4 out
of 5, between "Agree" and "Totally Agree" on the scale), and lower on the other constructs
(average 3.4 for external and 3.3 for introjected, both between "Undecided" and "Agree"), with
amotivation being the lowest (average 1.2 between "Totally Disagree" and "Disagree"). Looking
in more detail at Figure 7-13(b), 8 out of 9 teachers scored between "Agree" and "Totally Agree"
in relation to intrinsic motivation and 1 teacher scored between "Undecided" and "Agree". The
8 teachers with high intrinsic motivation included all the 5 teaching faculty, the 2 adjunct faculty
as well as the Ph.D. student, while the 1 teacher who scored lower was the tenure faculty. These
results could indicate that for teaching faculty, whose focus and job are to primarily teach, are
more intrinsically motivated while for tenure faculty for whom teaching is not their primary
focus, might be less intrinsically motivated when it comes to teaching.

In the same Figure 7-13(b), in relation to their external regulation, 5 out of 9 teachers scored
between "Agree" and "Totally Agree" while the rest scored between "Totally Disagree" and
Undecided’. As also seen in Figure 7-12, the teachers seems to be split when it comes to
external regulation: half of them are externally motivated while the other half score quite low
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Table 7.3: Motivation constructs and the questions in the questionnaire

Intrinsic + Identified

e Because for me, the task of teaching is of personal importance
e Because I find the task of teaching interesting

e Because I derive much pleasure from teaching

e Because the task of teaching provides the chance to realize an
aspect of my academic profession that is of personal meaning to
me

e Because I see my teaching as a significant contribution to my
students’ overall academic success

e Because during teaching I'm in a pleasant mental state of “flow”

Introjected

e Because a good performance in teaching contributes largely to
my self-esteem as a professor

e Because my aspiration is to be successful at teaching, otherwise
I would feel like a loser

e Primarily because I get positive feedback from students

e Because I feel very uncomfortable if I neglect my teaching

External Regulation

e Because my employment contract demands me to teach
e Because I get paid for it

Amotivation

e [ don’t know, sometimes I don’t see the actual purpose of
teaching

e [ don’t know why, because the work conditions provided for
academic teaching are unbearable

e Teaching doesn’t mean a lot to me, because I can’t really see
what academic teaching can accomplish in my students
e (Following [250], removed to increase reliability) Because I would
feel bad if I Would neglect my task of teaching
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Figure 7-11: A taxonomy of human motivation, taken from [206].

on this construct. Similarly, for introjected motivation, that [206] counts as somewhat external,
also depicted in Figure 7-11, only 2 out of 9 teachers scored between "Agree" and "Totally
Agree", 6 scored between "Undecided" and "Agree" and 1 scored between "Totally Disagree"
and "Undecided". Again, it seems that for the two extrinsic motivational constructs, external
regulation and introjected motivation, teachers are split in the "high" half and "low" half groups.

As a result, almost half of the teachers (4 out of 9) in this study scored high in terms of intrinsic
as well as external motivation, with a similar score between the two constructs. In the other
cases, the teachers (3) were generally more intrinsically motivated by a large margin, while in
only one case the teacher was primarily externally motivated. Not surprisingly, this teacher was
the tenure faculty in this study. It is interesting to note that while most faculty (8 out of 9) are
intrinsically motivated, only half of them are also extrinsically motivated while the other half
are not. This again might be function of the population in this study, where the majority are
teaching faculty who are passionate and motivated in relation to teaching, which translates into
intrinsic motivation.

In terms of the planned effort, planned persistence and professional development aspirations,
teachers on average scored quite high, specifically at 6.17 out of 7, closer to "Extremely" on
the scale (Figure 7-14(c)). Looking at the individual participants (Figure 7-14(b)), 6 out of 9
teachers scored a 6 or higher in terms of their planned effort, planned persistence and professional
development aspirations and the other 3 teachers scored between 5 and 6. Again, this makes
a lot of sense provided the majority of instructors in this sample were teaching faculty who,
compared to other faculty and tenure faculty in particular, might be more motivated to put
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Figure 7-12: Score distribution for the 4 motivational constructs.

effort and persist in their teaching, as well as to have high PD aspirations.

In addition, on average teachers’ effort and persistence score in the questionnaire (average 6.24)
was slightly higher than their PD aspirations score (average 6.07) (Figure 7-14(c)). Taking a
more detailed look into their PD aspirations, in Figure 7-14(d) I notice that there are two items
where instructors scored lower compared to the other items. Specifically, on the items aimed to
measure teachers’ aspirations to undertake and participate in further professional development
courses, teachers score lower. A reason for this might be the time it takes to take part in
further professional development. Another reason could be that instructors in this study were
quite experience with PD, within and outside of CMU, which can lead them to think further
professional development is not necessary. Lastly, in Figure 7-14(d), it seems that instructors
score the highest in continuing to acquire curriculum knowledge followed by continuing learning
how to improve their teaching skills. These high scores in terms of their motivations to improve
show that instructors in this study are willing to work on their teaching.

7.3.2 Analysis and Discussion of Post and Pre vs Post Questionnaires

In this section, I will analyze the post-questionnaires as well as investigate and discuss any
changes in teachers’ scores from pre to post. Note that 7 out of the 9 participants who took
the pre-questionnaire also took the post-questionnaire (one participant did not take part in
the interview and as a result they did not fill the post-questionnaire either, while the other
participant completed all stages of the study up but the post-questionnaire, potentially because
they left for summer break before they were able to complete this last stage). As a result, the
analysis in this section is based on the 7 participants who completed all the stages of the study.
In the Table 7.4 I show per participant, the stages they completed and they did not complete,
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(b) Score distribution for the 4 motivational constructs per participant.

Figure 7-13: Score distributions of teacher motivation in the pre-questionnaire

as well as the condition they were randomly assigned to. In the post-questionnaire, there were 4
participants from the verbal persuasion condition and 3 participants from the social comparison
condition.

Teachers’ learning from the PD materials and data presented in the dashboard

Before starting the analysis of this part, I would like to mention that the post-questionnaire
question measuring self-reported learning from the dashboard module, due to a typo, was missing
score "6" on a scale from 0-10 (thus the scale jumped from "5" to "7"). Despite that, the
following analysis is done with the full scale.

Overall, teachers self-perceived they learned from taking part in this study where they were
able to see PD materials in relation to immediacy and nonverbal behaviors as well as see their
own proxemics nonverbal behavior data in the classroom. As shown in Figure 7-15(b), overall
teachers said they learned on average 6.6 (on a scale 0-10), with the average learning from
PD (6.4) being slightly lower than the learning from seeing the dashboard and their own data
(6.9). This difference suggests that teachers find both PD and data helpful to increase their
knowledge and learning, but they self-perceive they learn more from seeing their own data and
the dashboard module. In the same Figure, I share how each individual participant scored in
their self-reported learning from PD and data as well as their average self-reported learning.
Half of the instructors, 4 out of 7, scored on average quite high (with a value of 7 or above
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Figure 7-14: Information on teachers’ planned effort, persistence and professional development
aspirations.

in the 0-10 learning scale). Of the other three instructors, 2 of them scored on average below
the "Learned Somewhat" scale and 1 of them scored on average a little above the "Learned
Somewhat" scale. In relation to the condition, the verbal persuasion condition compared to the
social comparison condition scored slightly higher on learning from the PD module, learning
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Table 7.4: Participant completion of experiment stages as well as condition in the study.

Participant| Condition Pre-Q? | Interview?| Post-Q?
ID

55 Verbal Persuasion Yes Yes Yes
66 Verbal Persuasion Yes Yes Yes
73 Social comparison Yes Yes Yes
67 Verbal Persuasion Yes Yes Yes
93 Verbal Persuasion Yes Yes Yes
82 Social Comparison Yes Yes Yes
70 Social Comparison Yes Yes Yes
81 Verbal Persuasion Yes No No
83 Social Comparison Yes Yes No

from the data and dashboard as well as the average learning.

Taking a look at the distribution of teachers’ answers (Figure 7-15(a)), 4 out of 7 teachers
replied with a score of 5 or above to learning from the PD module, while 5 out of 7 instructors
replied with a score of 5 or above to learning from the data and dashboard module. In fact,
one instructor self reported that they "Learned more than in any other of my own teaching
related data". To note is the fact that the instructors who took part in this study, as described
previously in the pre-questionnaire analysis, had a rich experience with professional development
and training within and outside of CMU. Them scoring this high despite that, shows that both
the PD materials and their own data and dashboard showed them information that they could
learn from, even more compared to their prior trainings.

Along the same line of reasoning, the teachers who scored slightly lower on their self-perceived
learning of PD, maybe had other PD or training in their lifetime, not related to immediacy
and nonverbal behaviors, that was very useful to them. That does not mean they did not learn
from the PD in this study, rather their learning compared to their prior experience was one way
or another. Similarly, maybe they received other data, even from the Eberly center, that they
learned more than the subset of their nonverbal behavior data shown in this study. Again, that
does not mean they did not learn from their own data, but that their self-perceived learning
was respective to their prior experience on this matter. In summary, based on the results in this
section, it seems that teachers self-report high levels of learning both from the PD module as well
as the data and dashboard they saw in ClassInSight, despite them having had rich experience
with PD and other trainings in their lives.

Teachers’ attitudes from the PD materials and data presented in the dashboard

In this section I will analyze teachers’ attitudes in various dimensions. Note that the atti-
tude questionnaire had several subscales ranging from negative to positive and vice versa. For
the analysis, I reversed them so that all subscales worked from negative to positive including
Good/Bad, Valuable/Worthless, Fair/Unfair, Positive/Negative, etc.

In Figure 7-16(a) I calculate the average attitudes for each of the questions in the attitude
questionnaire. I also present an overall average across all the attitude questions. Overall,
teachers scored quite high in relation to their attitudes (average of 6.03 out of 7.00). This
means that instructors in this study have positive attitudes towards the PD module and data
they saw in this study. In addition, teachers scored the highest in their likelihood to enroll
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Self-reported learning distribution
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(a) Distribution of participants’ answers to the self-reported learning prompt.
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(b) Self-reported learning per participant.

Figure 7-15: Participants’ responses to self-reported learning questions in the post-questionnaire.

in another PD of related content (average 6.25). This is positive because first it shows that
teachers see the PD provided in this study as important and valuable. Secondly, it shows how
important training and PD on immediacy and nonverbal behaviors is for teachers. Similarly,
the likelihood to engage in the behaviors recommended in the PD is quite high (average 6.18,
the second highest average), showing that the PD module in the study incentivized teachers to
attempt and engage in the recommended behaviors. Teachers also score a 6 out of 7 on average
in relation to their attitudes about their proxemics data, an overall positive view of the data
that they were presented with. Lastly, they also have a quite positive attitude in terms of the
feedback they got from ClassInSight (6.17 out of 7) showing the importance and necessity of
feedback following data provided to them.

In relation to the two conditions in the study, overall, on average the verbal persuasion condition
scores slightly higher than than the social comparison condition (averages 6.09 and 5.94 respec-
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tively). However, when looking at their attitudes about the ClassInSight feedback (which was
the only part, Part 3, in the study where the conditions were introduced) the social comparison
condition has a higher (6.17) average compared to the verbal persuasion group (6.00). This
could mean that seeing their data perform better when compared against other instructors (the
social comparison group) provides a more positive attitude for instructors than seeing only a
paragraph of motivating text as feedback (verbal persuasion group). Similarly, the social com-
parison group scores slightly higher in their attitude for engaging in the recommended behaviors,
which again could hint in the direction that seeing their data perform better when compared
against other instructors results in a higher and more positive attitude on the participants. The
two groups score similarly in terms of their attitudes about the nonverbal behaviors, and in all
the other attitude measures, the verbal persuasion group scores quite higher.

Taking a look at individual instructors, (Figure 7-16(b)), the attitudes of per participant are
generally consistent for each of the questions in the questionnaire. There are a few exceptions
that are interesting to discuss. Participants 66 and 73, even though they score lower an all the
other attitude questions, they score higher in their likelihood to enroll in another PD module
of related content was higher. On the same note, 4 out of 7 teachers reported a maximum of
7 on their likelihood to enroll in another PD of similar content. Again, those results show that
teachers value such PD opportunities, in particular with immediacy and nonverbal behavior
related content, and they have a high likelihood to enroll in such PD in the future. Similarly,
there were 4 teachers out of 7 who reported a maximum of 7 in their likelihood to attempt and
engage in the behaviors recommended in the PD module. This again is very interesting and
positive and it shows the willingness of these participants to change their behaviors and engage
in new behaviors. Lastly, it is interesting to see that participant 55, while they score a high
on all measures, in relation to attempting such behavior they score a lower value of 6.3. As
described in the interview analysis section below, their likelihood of attempting such behaviors
might be restricted by other factors such as the physical barriers in the room. This may apply
to other participants as well who scored lower on this likelihood.

Confidence in immediacy and nonverbal behaviors

In the post questionnaire, 6 out of 7 teachers assess their confidence in their immediacy and
nonverbal behaviors uniformly distributed between "Moderately Confident" (2 teachers), "Very
Confident" (2 teachers) and "Extremely Confident" (2 teachers), while only 1 teacher assesses
it as "Slightly confident" (Figure 7-17(a)). The weighted average of teachers’ self-reported
confidence in the post-questionnaire was 3.71 which is quite high. Comparing it to the pre-
questionnaire in Figure 7-17(a), teachers’ confidence has increased from pre to post (with the
weighted averages from 3 to 3.71 respectively) and the distribution of the instructors’ answers
has shifted towards the "Very" and "Extremely" confident spectrum of the scale. Comparing
the changes in this question from pre to post per participant (Figure 7-17(b)), there are 2
teachers who did not change their score pre to post, while 4 teachers increased, with one of
them increasing from "Moderately" to "Extremely". Lastly, 1 teacher decreased from "Very"
to "Moderately".

In relation to the condition (Figure 7-17(b))), the verbal persuasion group had a slightly higher
average (3.3) in the pre-questionnaire compared to the social comparison group (3.0). However,
in the post-questionnaire, both groups score similarly (3.8 and 3.7 respectively). Note, this
average per condition in pre and post was based only on the 7 participants who took both
the pre and post questionnaires. These results show that the social comparison group had
the highest increase in confidence in pre-to-post compared to the verbal persuasion group, even
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(b) Attitudes per participant with averages.

Figure 7-16: Participants’ self-reported attitude

though both groups increased. The higher increase in the social comparison group could indicate
that seeing their data perform better compared to other instructors at CMU increased teachers’
confidence in their own immediacy skills. In conclusion, these results show that overall, teachers
increased their confidence from the pre to post questionnaire.

Behavior Change Intentionality

In the post-questionnaire, the majority of teachers (5 out of 7) said that they had specific
immediacy and nonverbal behaviors they wanted to work and improve on, while 2 teachers
responded "No" to this question (Figure 7-18). The latter teachers are the participants who
responded "No" and "Not sure" in the pre-questionnaire, thus one of them did not change their
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How confident are you in your teacher immediacy skills?

W Pre M Post

5
2 2 2 2 2
2
1
1
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Not At All Confident Slightly Confident Moderately Confident Very Confident Extremely Confident Weighted Average

3.71

Number of
participants

(a) Pre-post confidence distribution and weighted average.

How confident are you in your teacher immediacy skills?
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Not at all
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(b) Pre-post confidence per participant and averages.

Figure 7-17: Teachers’ self-reported confidence.

opinion while the other one changed it from "Not Sure" to "No". However, all the other teachers
who responded "Yes" in the pre-questionnaire, responded "Yes" in the post-questionnaire as
well. In addition, the one teacher who responded "No, but open to improvement" in the pre-
questionnaire, changed their stance and responded "Yes" here.

In relation to the behaviors that they were interested in working and improving on, teachers
mention both proxemic related behaviors (on which they received data) as well as other non-
verbal behaviors on which they did not receive data but they read and learned about in the PD
materials. Behaviors included more movement in class, including moving closer to students and
in particular moving away from behind the podium, more eye contact and facing their students,
as well as having an open body language and more gesturing.

Values and Beliefs around Immediacy and Nonverbal Behaviors

In relation to the value and their beliefs around immediacy and nonverbal behaviors, teachers
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Are there any specificimmediacy or nonverbal behavior
skills in your teaching that you would like to work and
improve on?

6

5
4
2
| I
0
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Figure 7-18: Teachers’ interest to change their immediacy and nonverbal behaviors expressed

in the post-questionnaire.

still score quite high in the post-questionnaire (Figure 7-19(a)). The highest score in post is in
relation to teachers’ beliefs on immediacy and nonverbal behaviors having a significant effect on
student learning (weighted average of 6.0). This is positive and it shows that teachers see the
importance and value of such behaviors on students and their learning. Similarly, teachers score
high on the effect they see such behaviors have on teaching (weighted average 6.9). Compared
to pre, there is a slight decrease in the value teachers see immediacy and nonverbal have on
teaching, however for all three other questions, there is a slight increase. This might be an effect
of the smaller number of participants in the post-questionnaire (7) compared to 9 participants
in pre. Overall, it seems that the pre and post results on teachers’ values and beliefs remained
relatively the same from pre to post.

Taking a look at each of the individual participants (Figure 7-19(b)), overall multiple instructors
score quite high; between the scales "Agree" to "Agree Very Strongly". On average from pre-
to-post, 1 participant did not change their score, 4 participants increased and 2 decreased in
their values and beliefs around immediacy and nonverbal behaviors. On average, there was a
very slight increase in values and beliefs from pre to post (average pre for 9 participant 5.6,
adjusted average pre for 7 participants 5.4, average post for 7 participants 5.6). In relation
to the condition, the verbal persuasion and social comparison conditions seem to have scored
similarly both in the pre and post-questionnaires. As a result, both conditions had the same
increase from pre to post. These results hint to a positive trend of increase of teachers’ values
and beliefs from pre-to-post.

General and task-specific Self-efficacy

In relation to SE, there was an overall increase in the average score from pre (6.86 over 9
participants and adjusted average 6.93 over 7 participants) to post (7.45) as shown in Figure
7-20(a). These results hint in the direction that seeing PD as well as data on their nonverbal
behaviors helped instructors increase their general SE for teaching. Looking at the conditions,
the verbal and social comparison conditions start at a similar value in the pre-questionnaire
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Please rate your agreement with the following statements.

; ® Weighted Average Pre W Weighted Average Post
Agree Very Strongly 1
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Disagree 3
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learning. immediacy in the classroom.

(a) Pre-post values and beliefs around immediacy and nonverbal behaviors.
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(b) Pre-post values and beliefs per participant, on average as well as per condition.

Figure 7-19: Values and beliefs around immediacy and nonverbal behaviors.

(adjusted averages of 6.93 and 6.92 respectively) and they both increase in the post-questionnaire
(7.30 and 7.67 respectively) as shown in Figure 7-20(a). It seems that the social comparison
group had the highest post-questionnaire score overall as well as the highest increase from pre
to post. The results hint in the direction that the social comparison intervention had the
highest effect on increasing instructors’ SE in relation to their teaching from pre to post. This
is consistent with prior literature on SE (i.e., [35]).

Looking at each participant (Figure 7-20(b)), 6 out of 7 instructors increased their SE efficacy
score from pre to post while 1 participant scored the same. Splitting the 1-9 scale, from "Not
at all" to "A great deal" into three buckets low [1, 3.66], mid [3.67, 6.33] and high [6.34, 9]
as in the pre-questionnaire analysis, the participants in the post-questionnaire would fall into
the mid and high buckets in relation to their post score, respectively 1 teacher in the mid-SE
and the other 6 teachers in the high-SE (Figure 7-20(b)). That means that the instructors in
this sample had quite high self-efficacy both in pre and in post, and in majority, they had some
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increase from pre to post.

SE Averages Pre to Post
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Figure 7-20: Pre to Post general teaching SE metrics.

In relation to SE for NVB, there was an overall increase in the average score from pre (7.14
over 9 participants and adjusted average 7.16 over 7 participants) to post (7.76) as shown in
Figure 7-21(b). These results show that seeing PD as well as data on their nonverbal behaviors
helped instructors increase their SE specific to nonverbal behaviors. Looking at the conditions
individually, the social comparison condition scored slightly lower on the adjusted average in
the pre-questionnaire (7.11) compared to the verbal persuasion condition (7.19). However, on
average both conditions increased in the post questionnaire to 7.67 (for verbal) and 7.89 (for
social). The social comparison condition had a much higher increase from pre to post, compared
to the verbal persuasion condition. The results hint in the direction that the social comparison
intervention had the highest effect on increasing instructors’” SE NVB from pre to post, also
supported by prior literature as described above.

Looking at each participant individually, 5 out of 7 teachers increased from pre to post and 2
participants stayed the same (with one of them being at ceiling effect 9 out of 9 in both pre and
post). Again, splitting the 1-9 SE NVB scale, from "Not at all" to "A great deal" into three
buckets low |1, 3.66], mid [3.67, 6.33] and high [6.34, 9], the participants would fall into the
mid and high buckets in relation to their post score, respectively 1 teacher in the mid-SENVB
and 6 teachers in the high-SENVB (Figure 7-20(b)). That means that the instructors in this
study had quite high self-efficacy for nonverbal in the post-questionnaire and the majority had
an increase in score from pre to post.

To note is that there was a slightly higher increase from pre (adjusted over 7 participants) to
post on average in relation to SE for NVB compared to general teaching SE. This result is
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normal and understandable provided that self-efficacy as a construct is very task specific [36].
In addition, for both SE and SE for NVB instructors scored quite high but there was no a ceiling
effect overall, thus creating room for improvement.

SE for Nonverbals average Pre to Post
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(a) Average pre to post for SE for nonverbal behaviors.
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Figure 7-21: Pre to Post SE for nonverbal behaviors metrics.

Self-reported nonverbal behaviors

In relation to their self-reported nonverbal behaviors, the overall average in the post-questionnaire
is still high (107.9 in the range 35 - 127) as seen in Figure 7-22(a). There is an increase from
pre (103.3 and 105.0 over 9 and adjusted 7 participants respectively) to post (107.9). This
indicates that teachers self-reported higher on their nonverbal behaviors in the classroom from
pre to post. In relation to the social comparison and verbal persuasion conditions, there is
an increase in the post score for both conditions, with the verbal persuasion post score being
slightly higher. The increase from the average adjusted pre to the post score is highest for the
social comparison group but that is an effect of the two groups having quite different adjusted
pre-questionnaire average scores. In relation to the individual participants (Figure 7-22(b), the
majority of instructors, 5 out of 7 participants increased from pre to post, while 2 participants
slightly decreased. Overall, teachers’ self-reported nonverbal behaviors are high in post and
slightly increased from pre to post.

Motivation

When asked again in the post-questionnaire what decreases their motivation in trying to do their
best in the classes they are teaching this semester, 4 out of 9 teachers responded similarly to the
pre-questionnaire, that the lack of participation and their students’ inattentiveness decreases
their motivation. One teacher responded that other demands on their time can also be demoti-
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Self-reported nonverbal behaviors (NB) Average Score Pre to Post
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Figure 7-22: Pre to Post self-reported nonverbal behaviors.

vating. Similarly, when asked for what things motivate them, teachers’ responded with student
learning and retention as well as their interest and excitement in the topic. Those answers are
similar to those in the pre-questionnaire and support the case for the importance of immediacy
and nonverbal behaviors in creating a more comfortable and immediate classroom environment
that helps students have more interest in the course and be more engaged and attentive in class.

In Figure 7-23(a) I share teachers’ average motivation in relation to teaching focusing on the
intrinsic, external, interjocted and amotivation. It seems that from pre (adjusted average over
7 participants) to post there have been slight changes to the motivation constructs: a slight
decrease in intrinsic motivation, and a slight increase in external, introjected and amotivation.
However, overall those changes are quite small. This is also supported by the fact that this
motivation questionnaire measured and assessed teachers’ general motivation for teaching, which
would be challenging to change by much due to one study only, as I do in this chapter. Overall,
the average intrinsic motivation is quite high, scoring between "Agree" and "Totally Agree" on
the scale while external regulation and introjected motivation score lower, between "Undecided"
and "Agree".

When looking at the changes pre (the adjusted over 7 participants) to post based on the exper-
iment condition (Figure 7-23(b)), the social comparison group has a slight decrease in intrinsic
motivation while the verbal persuasion group does not change. In relation to their external
regulation, the social comparison group has quite an increase while the verbal persuasion group
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again does not change. This might be explained by the fact that in the social comparison group
the study is introducing external comparisons and rewards (comparison with other instructors)
to motivate teachers, thus there is an increase in external motivation and a decrease in intrinsic
motivation. In the verbal persuasion group the study is introducing verbal encouragement to
motivate instructors, which might not have been as intrinsically or externally motivating. In
terms of introjected motivation, teachers in the social comparison condition start of in the pre-
questionnaire much lower than the teachers in the verbal persuasion condition. However both
groups increase slightly from pre to post. Similarly, in amotivation, both groups start low and
despite the small increase they remain close to the "Totally Disagree" scale.

In relation to the individual participants in the study, in terms of intrinsic motivation, 2 instruc-
tors did not change from pre to post, 2 others increased while the other 3 instructors decreased
slightly. In terms of their external regulation, 2 instructors increased from pre to post, 4 did
not change and 1 decreased in their motivation.

Motivation Constructs Averages Pre to Post

mMeanPre  mAdjusted Mean Pre  m Mean Post

Totally Agree 5

Agree 4

4.4 4.5 4.4
- 32 - 33 33 >
Undecided 3
Disagree 2
Totally Disagree 1 ; ; ﬁ

Intrinsic External Introjected Amotivation

(a) Average motivation pre to post

Motivation Averages Pre to Post per condition

Adjusted Pre S Post S Adjusted Pre V Post V

Totally Agree 5
4.6 45
43 43

Agree 4 38 39
36 36

32

Undecided 3 29

Disagree 2

14
13
11

Totally Disagree 1
Intrinsic External Introjected Amotivation

(b) Average motivation per condition
Figure 7-23: Pre to Post overall motivation.

In terms of their planned effort, persistence as well as professional development aspirations,
teachers scored quite high in the post-questionnaire with an average of 6.12 out of 7, closer
to the "Extremely" score on the scale as shown in Figure 7-25(a). In relation to their PD
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Intrinsic Motivation External Regulation
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Figure 7-24: Each motivation construct shown pre to post per participant on a scale from Totally
Disagree, Disagree, Undecided, Agree, Totally Agree.

Aspirations as well as Effort and Persistence, teachers scored high as well, with an average in
the post-questionnaire of 5.97 and 6.21 respectively. From pre to post (considering both the
average pre over 9 participants and the adjusted average over the 7 participants who completed
both questionnaires), there is a slight decrease in the overall average from pre to post. Overall,
the results in post are consistent with the pre results in terms of the average motivation, as well
as in terms of PD aspirations and Effort and Persistence separately. This might be because these
larger motivational constructs are general and not specific to this study (namely immediacy and
nonverbals), and it makes sense that the study intervention did not majorly affect them.

Looking at the changes pre (for the adjusted pre with 7 participants) to post based on the
experiment conditions (Figure 7-25(b)), overall, the social comparison condition scored slightly
higher in pre compared to the verbal persuasion condition (average of 6.33 and 6.10 respectively).
That seems to be because the social comparison group scored quite high in pre in their Effort and
Persistence subquestionnaire. In post overall, there was a slight increase of the social comparison
score and a decrease of the verbal persuasion score. Looking at the PD Aspirations, there is
an increase in the social comparison group and a decrease in the verbal persuasion group from
pre to post. On the other hand, in the Effort and Persistence subquestionnaire, there is a slight
decrease in both groups. Provided those increases and decreases, it does not seem that the
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condition on its own affected the score changes.

Lastly, looking at the individual participants Figure 7-25(c), 3 teachers increased their score,
3 decreased it and 1 stayed the same. The increases, decreases and no change are mixed per
condition thus, again, it does not seem that the condition on its own affected much the score of
this questionnaire, as discussed above.

Last but not least, in the post-questionnaire, teachers were also measured on their motivation
for participating in the specific task of engaging with the PD Module and looking at their own
proxemic nonverbal data. As mentioned above, this task-based motivation questionnaire was
adapted from [88] and the distribution of questions per motivation construct is shown in the
Figure 7-26.

On average, as shown in Figure 7-27(a), teachers scored really high on their intrinsic motivation
for this task (5 out of 7 with an "Agree"). This is to show that overall the participants in
this study care about teaching and are motivated intrinsically to engage with activities that
involve PD and engaging with data as in the current study. Teachers scored very low in terms of
external motivation for this task, understandably as there was little to no external motivation
for them to take part in this task. Teachers scored similarly low values for their introjected
motivation and amotivation.

In relation to the individual participants, half of the teachers (4) scored equal to or higher than
"Agree" in terms of their intrinsic motivation. The other three motivational constructs were
quite low. In terms of conditions, both verbal persuasion and social comparison conditions
scored similarly in terms of intrinsic motivation and external regulation, thus it seems that the
condition may not have affected participants much in terms of their motivation for engaging
with this task.

Teachers’ Goals for Behavior Change

In the post-questionnaire, teachers were asked about their willingness and readiness to change
their general as well as their specific proxemic behavior, after taking part in the study. In
addition, teachers were asked in an open-ended question format if they would like to change
something in their nonverbal behaviors in the classroom. If so, they were asked to list 2-3 ways
and elaborate, and if not, they were asked to elaborate on why. All three of these questions were
meant to be used as proxies for measuring teachers’ behavior change. Namely, they measured
teachers’ intentionality to change which is both the first step in engaging in behavior change
and a really good proxy for measuring behavior change (when behavior change on its own is not
being measured).

In relation to the willingness to change, teachers scored on average a 5.38 out of 7, which falls
between "Agree" and "Agree Strongly" in the scale (Figure 7-28(a)). This shows that teachers
were willing to work and improve on their nonverbal behaviors in the classroom after taking part
in this study. Looking in more detail, it seems that both PD and seeing their own data affected
teachers’ willingness to change and for both of those two questions they scored an average of
5.43 out of 7, which is quite high. This shows that both PD and the data were useful to help
and support teachers’ willingness to change. Last but not least, the feedback received from
ClassInSight on their performance also affected teachers willingness to change with an average
of 5.29, slightly lower than looking at the PD and data but still high. To summarize, looking at
PD, data and feedback from ClassInSight support teachers’ willingness to change their nonverbal
behavior with their students.
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Effort, Persistance and Aspirations Pre to Post
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Figure 7-25: Pre to Post overall teacher planned effort, persistence and professional development
aspirations.

Taking a look at the individual participants in terms of their willingness to change, it seems
that 4 teachers score on average 6 ("Agree Strongly") or above and the other 3 teachers scored
between 3 and 5 ("Disagree" and "Agree") as shown in Figure 7-28(b) (one "Disagreed", one
was "Neutral" and one scored between "Neutral" and "Agree Strongly"). Overall, 6 out of 7,

110



Intrinsic Motivation
Because it is pleasant to carry out this task.
Because I find this task interesting to do.
Because I like doing this task.
Identified Regulation
Because it is important for me to carry out this task.
Because this task allows me to attain work objectives that I consider important.
Because I find this task important for the academic success of my students.
Introjected Regulation
Because if I don't carry out this task, I will feel bad.
Because I would feel guilty not doing it.
To not feel bad if I don’t do it.
External Regulation
Because my work demands it.
Because the school obliges me to do it.
Because I'm paid to do it.
Amotivation
I don’t know, I don’t always see the relevance of carrying out this task.
I used to know why I was doing this task, but I don’t see the reason anymore.
I don't know, sometimes I don't see its purpose.

Figure 7-26: Task based motivation question and classification from [8§]

teachers gave the same score to all the three components of the study: PD, data and feedback
from ClassInSight, which means that they found them equally important and helpful. One
teacher scored the PD and data higher and the feedback from ClassInSight lower in this aspect.
Looking at the verbal persuasion and social comparison conditions, the former scores slightly
higher on average than the latter, however the differences between the conditions are quite small.

In terms of their readiness to change (Figure 7-29(a)), on average teachers scored a 6.64 out of
10 which is very close to the "Planning and making a commitment to it" score on the scale. This
means that teachers in this sample are past the stages of "Not being ready at all to change their
behaviors" and "Thinking about it" to a more planning and commitment attitude. Similarly,
teachers are ready to change both their general nonverbal behaviors (an average of 6.71) and
their proxemic nonverbal behavior (on average 6.57), both quite high. The slight difference
in scoring between those two categories hints that teachers are ready to change their other
nonverbal behaviors in the classroom, in addition to proxemics. It might also mean that they
feel there are limitations to what they can change in terms of proxemics behavior, due to the
physical layout of the classroom and any technologies they need to use as part of their teaching.
I discuss these reasons in more detail in the interview analysis section below.

In relation to the individual participants (Figure 7-29(b)), 4 out of 7 instructors score an 8 or
higher, with one instructor scoring a 10 and reaching the "I already do that" in the readiness
to change scale. The other 3 instructors score between 2 and 5 with one being "Not ready
at all" and the other two being between "Thinking about it" and "Planning and making a
commitment". Teachers overall are ready to change their behaviors in the classroom, with most
of them falling in the category where they are planning and making a commitment to their
behavior change. This is a good indicator for teachers’ actual behavior change in the classroom.
In terms of condition, the verbal persuasion group scores slightly lower on average than the
social comparison group in their readiness to change their general behavior but they scored
slightly higher in their readiness to change their proxemic behavior. Overall, the average over
the two conditions is quite similar.
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(b) Task related motivation per participant.

Figure 7-27: Teachers’ motivation for taking part in the study (the task related motivation).

When asked if there was something they wanted to change in their nonverbal behavior in the
classroom, 5 out of 7 teachers said that they were going to change something. One teacher
said that they already do those kinds of behaviors but they know they can improve, thus listed
some behaviors they wanted to change. And lastly, one teacher’s answer was not answering the
question, rather it was a feedback for the study and what the study could do better.

In terms of what specifically they wanted to change, 6 out of 7 teachers mentioned they wanted
to change their proxemic behaviors as well as other more general nonverbal behaviors they
learned in the PD materials. This included wanting to work more on proxemic behaviors such
as:

e more movement, staying away from the laptop and looking for opportunities to get away
from the board as well as stay more in front of the desk/podium in order to be closer to
the students (3 teachers). For example, one teacher said: ID 73: "Look for opportunities
to step away from the blackboard/toward the students, because I think this will make me a
more engaging lecturer.”

e having a proportional distribution of their movement in front of the room (2 teachers).
For example, one teacher said: ID 67: "I would more evenly distribute my time standing
i front of my students ts instead of just dominating one part of the classroom."”
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Figure 7-28: Teachers’ willingness to change measured in the post-questionnaire as a proxy for
behavior change.

e using various combinations of proximity and position in the classroom (1 teacher)
e using a pointer to be more flexible with movement (1 teacher)

e moving more to support engagement, attention, retention and comprehension (1 teacher).
For example, one teacher said: ID 70: "Mowving more because it helps hold different atten-
tion. Moving particularly when I'm changing topics or saying something important because
it helps with retention and comprehension. Making an effort to stand in neglected areas of
the classroom to help keep students engaged."”

Even though in the study teachers did not see data other than their proxemic behavior, 3 out of
7 teachers mentioned that they wanted to work on their gaze behavior. This likely came from
teachers reading in the PD materials about other nonverbal behaviors and being asked in the
questionnaires to assess their other nonverbal behaviors, including gaze. Specifically, teachers:

e wanted to be more aware of when they were looking at or away from the students (1
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Figure 7-29: Teachers’ readiness to change measured in the post-questionnaire as a proxy for
behavior change.

teacher)
e wanted to make eye contact more with students (2 teachers)

Last but not least, there was another subquestionnaire in the post-questionnaire that measures
yet another proxy for behavior change. In the section "Teachers’ attitudes from the PD materials
and data presented in the dashboard" discussed above, within the attitudes subquestionnaire,
I measured teachers’ (1) likelihood of enrolling in another PD of related content as well as
their (2) likelihood of actually attempting to engage in the behaviors recommended in the PD
(Figure 7-16(a)). Both those questionniorase while measuring attitudes, serve as proxies for the
likelihood of teachers attempting behavior change. There is more detail in the section above
regarding how teachers scored in the likelihood questions, but as a summary teachers scored
the highest in their likelihood to enroll in another PD of related content. This is positive and
shows that teachers see the PD as important and valuable. Similarly, the likelihood to engage
in the behaviors recommended in the PD is quite high, showing teachers intentionality to try
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and change their behaviors to match what they learned in the study.

To summarize, even though in this study I did not measure behavior change, I measured several
proxies that indicate intentionality for behavior change such as willingness and readiness to
change, teachers’ goals (if any) for what they wanted to change in the classroom as well as
their likelihood to engage in certain behaviors or attempt further PD of similar content. The
results showed that teachers overall are willing and ready to change their behaviors after the
study, they set goals on what they want to change in relation to their proxemics as well as
other nonverbal behaviors they learned about in the PD materials. In addition, their likelihood
to engage in other similar PD and their likelihood to attempt such behaviors is high. In the
interview analysis section below I discuss in more detail the brainstorming, planning and goals
teachers set for themselves, as their first step towards behavior change.

7.3.3 Analysis of video interviews

There were 8 out of 9 teachers who took part in these interviews and the following analysis is
based on these 8 data points.

Teachers’ Perceptions of Nonverbal Behavior Data

During the interviews, all teachers (8 out of 8) expressed interest in immediacy and nonverbal
behavior data. They found such data valuable and helpful, particularly as they are limited in
what they can monitor during class. Some teachers expressed unawareness about certain data as
they only have one set of eyes and cannot track everyone at the same time. They felt this type
of data would still be challenging to collect with human observers and expressed that having it
collected by a technology would be most helpful. As one teacher mentioned, ID 55: "... I really
like it. It’s real time and very exact. It is there and it’s a holistic view. Versus you’re sitting
in my classroom and you’re looking at one person or couple people. Unless you’re assigned to a
certain task, you’re not going to be able to capture as many things dynamically. Happening all
at once. You would need more than one person.”

Teachers fell into different categories when it came to their awareness and perceptions about
some aspect of their data or their students’ data in the classroom. One teacher expressed they
were clueless about certain data and they would find it very helpful to have a technology collect
and share this data with them. In contrast, half of the teachers (4 out of 8) expressed that they
are able to monitor some of their and their students’ behaviors, but they were not confident
in this ability. As one teacher said: ID 73: "... This is something that I think I try to do.
But I don’t know how well perception matches reality, you know.” and another who mentioned
ID 83: "And again, I have my self-perception and I don’t know if it’s accurate.” Lastly, some
teachers were pretty sure about certain aspects of their or their students’ data (4 teachers) and
one teacher even mentioned they did not need such data for their small classes, ID 82: "In
small classes like this, I know because I see them. And I have proof when they are not paying
attention. So I don’t think I need it for a group like this. So I can see them. I don’t need an

app. "

Overall, it seemed that teaches agreed that they are limited to what they can see and keep an
eye on in the classroom and data from a technology would be helpful to them and their teaching.
As one teacher suggested, ID 55:"...again, I only have one set of eyes..."

Teachers’ Data Interest
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Teachers expressed strong interest in various type of nonverbal data both unprompted (as they
were looking at the PD materials or their own data) or prompted by the interview questions.

To begin with, all teachers were interested in student data. Specifically, they were interested in
different aspects of student engagement, attentiveness and focus. For example, 3 teachers were
interested in the students’ engagement in relation to devices they were using in class, such as
phones or laptops. Teachers wanted to know how much students were using these devices or how
much they were on social media during class. Teachers thought these devices sucked students’
attention from class. Another teacher was interested in the interactivity or the “back and forth”
they had with their students, while two teachers were interested in student eye contact data. 1D
67: "I want to see the eyeball data... So I'd like to see a graph if you could put it in this form of
their eyes. Were students looking this way or that way? Or down? And if they’re looking down,
were they writing at the same time? Or were they looking down at a screen or reading someone’s
comment [online]?" This teacher also wanted to know if students were having random bursts of
laughter because they were reading someone’s comment on a forum instead of paying attention
in class.

Two teachers wanted to know about students’ body position as a proxy for engagement. Specif-
ically, they wanted to know if students were slouching or if they were leaning forward on their
computers, if they had their hands engaged in a writing position and how much they were taking
notes, especially when it was unprompted by the instructor. One teacher wanted to see student
leg positions as a way to tell if any of the students were completely closed off, or if they were
open and relaxed. Another teacher was interested in what they called "emotional proxemics",
ID 83: "...if there is some way to sort out, I don’t know if you guys have an official way of
getting this but emotional proremics versus physical proxemics, you know. If the person in the
second row from the back feel fairly engaged, would they really feel a distance, you know? It
would be interesting to see what the perceptions are from up of a big room with distance that
you can’t avoid in some ways.” Lastly, only one teacher mentioned that they were interested
to know student performance on how much they did per class and how much knowledge they
gained that day.

In addition to student data, teachers were interested in this broader category of "student
reaction data", namely how students react to teacher actions and behaviors in the classroom.
Teachers thought that this kind of feedback could help them gauge how effective their own
practices were. For example, if they stood at a certain location or if they used certain gestures,
would that help them reach their goal of increasing student engagement? Two teachers were
interested in how student attentiveness, engagement and gaze is relative to where the teacher is
standing in class, and how students’ body positions change when the teacher moves around in
class One teacher was interested in a measure of interactivness between them and the students:
ID 73: "...if there is a way to measure how much interaction went back and forth... A measure of
how much back and forth there is, speaking, would be useful.” Another teacher was interested in
knowing how the imbalance in their position at the right, center and left sides of the classroom
affected their students, in particular if that caused them to be less focused and inattentive.
Similarly, another teacher was interested in when they smile less, if their students are paying
more attention to please them or if that just gets them to tune out entirely. Last but not least,
one teacher was interested in knowing how different students react differently to their actions
and what do they respond better to: ID 70: "So, I'd be kind of curious to see what the... how
that changes some of these things too. You know, if younger students or students who are more
anzious about being in the class responded better to one way or the other way."
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Teachers also expressed strong interest in data about their own performance in relation to
immediacy and nonverbal behaviors in the classroom. They wanted more detail about proxemic
data including what activity were they conducting left, center, right at the front of the classroom;
were they writing on the board, lecturing in front of the projector, etc. (1 teacher). Teachers also
wanted to know their distance from the board (1 teacher) and how students were distributed in
the classroom, to determine where they need to spend more time at (2). One teacher mentioned
that the study was not presenting a complete picture of the data as there were other aspects
of proxemics that they deemed important but were missing from the data they saw (such as
how close you are to students, are you sitting with them, are you standing and towering them,
etc.). Specifically, the teacher mentioned: ID 83: "But then I'm walking and I’'m towering over
people on these chairs. So I feel like I get more intimate communication when I’'m sitting on a
chair and talking them like we’re in a circle... But then I'm not moving. So there are different
ways of breaking this [proxemics| down. What kind of lack of movement is this? Is this just
frigidity? Or is it something physical? Or is it compensating behavior, like you’re sitting instead
of towering over but standing? But then you’re sitting, so you’re not moving as much.”

Aside of proxemics and location information, half of the teachers (4) were also interested in
their eye contact and gaze with the students. For example, one teacher was interested in how
much they face the class versus the board, while another one was interested in having egalitarian
eye contact and gaze with all students. Teachers were also interested in their posture data
such as whether they were standing straight and showing enthusiasm (1 teacher), how their
body language differed based on the classroom activity (1 teacher), and whether they had an
egalitarian physical engagement with all students (1 teacher). One teacher was interested in
knowing how much they smile and another was interested in gesticulation synchronized with
other activities and speech, as a very important factor to second language acquisition (this
case was very specific to the subject matter the teacher was teaching). Lastly, one teacher was
interested in meta data such as do they interact more verbally or nonverbally with their students
and do they interact differently with different genders ID 83: "There are so many breakdowns
you can do. Wouldn’t it be fascinating to know that... It would be very helpful to some of
us. Maybe. Do I interact verbally or do I have different interactions, even nonverbally? What
are my interactions verbally and nonverbally? Is there a difference between how I interact with
different genders? Do I have more conversation with quys? More conversation with women?
More egalitarian? You know. Yeah. It’s almost a kind of thing where I'm so clueless about that
that the data would be helpful.” Another teacher was interested in knowing how their gender or
age plays a factor in whether the teacher is standing behind or in front of the podium and class.

Lastly, teachers also expressed interested in other data in relation to the physical classroom
that they taught in, the type of course, or the activities they were conducting during class. For
example, teachers wanted to see if their proxemics (2) and data more in general changed when
the classroom set up was different and if their data would look the same in every classroom they
teach in or if it would be dependent on the classroom layout. In addition, one teacher wanted
to know how the layout of the room (where the screen or board is) affected their location and
proxemics. Further, some teachers were interested in course data. For example, two teachers
were interested in the type of activity happening during class (lecture vs discussion or group
work), how their proxemics or other nonverbals are affected by the activity and what patterns
emerged in behaviors based on the activity they were conducting. Other teachers were interested
in more detailed statistics such as average data over multiple or all class sessions in a semester
to a get a well-rounded assessment of their performance and to track improvement over time (3
teachers). One teacher also mentioned this is necessary because their nonverbals might change

117



from the beginning to the end of the semester: "ID 70: "if it were to be an overall, like a more
well-rounded assessment of how I spend the time, it would have to be recording the full 27 classes,
or whatever it is. Because, I think that it definitely changes and the way that my body language
and my interaction with the students changes because the first couple days of class it’s sort-
there’s an expectation of people are in here wondering what they are doing in here, and there has
to be some sort of level of seriousness, particularly because I am not anymore that close in age
to the students, but I am younger I think than whatever... So, I would be curious to see how this,
how my position evolved from like day one. When we were like, here’s a class, we’re going to
read the syllabus, everyone stay in your seats and behave. And then by the end of the class where
everyone is more comfortable and that sort of stuff too.” While some instructors were interested
in having comparison data across other instructors, courses, subjects, and physical classrooms,
others did not find it helpful to compare across peers, preferring to see only self-improvement.
It was also very interesting to note that one teacher was interested in being able to download
and share their data with students and other colleagues while another teacher wanted to share
with the students the information the study shared with them.

Challenges to Using Nonverbal Behaviors

During the interviews, all teachers continuously expressed that there were challenges to using
nonverbal behaviors such as proxemics in the classroom. There were a variety of factors that
affected teachers’ proxemics and their performance, and in many cases teachers mentioned that
they would do better if such challenges were not there. Below, I share the main themes of
concern teachers mentioned affected their proxemics nonverbal behaviors in the classroom.

To begin with, 6 out of 8 teachers expressed that the layout of the classroom, and where
specific furniture was located creates physical barriers that inhibit or encourage teachers to
stand or sit at certain locations. For example, where the podium is located can affect where the
teacher stands to deliver their lecture. If the podium is heavy or if there is a long desk at the
front, it is more challenging for the teacher to move those around in order to be able to stand in
the front of them and closer to students. Similarly, the position of the projector screen inhibits
the teacher from standing on that side of the classroom and the location of the board affects
where they stand as they write on the board. Sometimes the screen of the projector covers
the board and that affects where the teacher is going to be located if the want to use both the
board and slides. Further, often classrooms are quite narrow, providing very little space for the
teacher to move at the front. In particular, if the teacher were to rearrange the furniture in such
classrooms, they would likely put it in a path where they have to walk in. In addition, sometimes
the door of the classroom opens on the inside, making it hard for the teacher to stand in that
place and not block student flow. And even if every furniture was easily movable and relocated,
arranging all the furniture at the beginning of every class takes time and effort on the teachers’
side. One teacher expressed their challenges with such issues in the classrooms: ID 70: "But,
you know, some of the challenges with standing in different spots for example, in this particular
classroom the left side of the board is blocked almost by the doorway, and people trickle in or
have to run out to go to the bathroom. Uhm, it reduces my ability to stand over there. Plus,
one of the other things that weird about this particular classroom is that where the whiteboard
is down, sorry when the projector is down, it covers a huge chunk of the board. So, there is no
where for me to stand and write other than all the way at either extreme. So, I think if I am
showing any kind of visual this probably leads me to be more anchored to one side as opposed to
moving around. I don’t want to stand in front of, you know, things that I'm sharing.” Another
teacher shared an experience where they held their last class in a classroom different from the
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one they had worked in the whole semester. This classroom, unlike the original one, was set up
in a conference format, where students could sit in a circle and face each other. This allowed
the teacher to sit with them, instead of standing at the podium as they traditionally did, and
allowed everyone to look at each other more, be closer and engage more in class. In summary,
the physical layout of the classroom is really important as it affects the teachers’ behaviors and
decisions they make in class.

Second, in addition to the physical classroom, 6 out of 8 teachers mentioned that the other
biggest challenge for them was the technology they used as part of their lectures, which pi-
geonholed teachers to specific behaviors and locations in the classroom. For example, one teacher
used the document camera, which is attached to the podium, ID 93: "One of the reasons why...
Umm... I spent most time on the right is because of a document camera.” Similarly, other teach-
ers would keep their laptops or tablets on the podium, to project their slides. Another teacher
mentioned that they have to use the media in the podium and that does not make them happy,
ID 83: "...look at this. I don’t look that happy behind that podium. I want that podium out of
the way. I want to be sitting there with my students. That’s what I really want to be doing. Look
at my posture. It’s like man, I don’t want to be here. It’s really funny seeing that. It’s the way I
feel too. I don’t have much choice; I have to stand behind sometimes if I'm running media.” Yet
another teacher mentioned that they need the console on the wall to plug their computer, while
a last teacher mentioned that the board and where they wrote conditioned their location at
the front of the classroom. Many teachers mentioned that they would like to have technologies
that allowed them to be remote and move around freely without having to be stuck next to a
technology. But even then, teachers foresaw challenges due to the physical layout of the room.
For example, one teacher generally stood on the left, behind the podium, to deliver the lectures
and noted that having a pointer could help increase movement. But even then, the teacher
thought they would be stuck at the center-front of the class, as there would be no space to move
to the right, due to the projector screen being there.

Third, 5 out of 8 teachers also mentioned that the type of class; subject matter or nature of
the course, and the number of students in class affects their nonverbal behaviors and what they
can do in relation to immediacy. Teachers claimed for example that a course such as math
would require more facing away from the students towards writing on the board, while a more
discussion based course could allow for more time facing the students. Teachers also mentioned
they can do certain behaviors in a smaller class that would be harder to do in a bigger class, and
vice versa. As one teacher said: ID 82: "So immediacy, I understand what it means now. But if
you have a large cluster of students, you cannot apply this. So the class size has a lot to do with
how you can use this approach.” Another teacher mentioned that in big classrooms, it would be
hard for them to use immediacy as effectively. Those classes would make it easy for the teacher
to be locked in one mode in terms of nonverbal behaviors. ID 93: "[in big auditoriums] I usually
walk through... between the chairs, the chairs and desks. Uh, but I don’t have to do that, uh,
when there are only 2 students. [in a small class/"

Connection to FCEs

Surprisingly, two teachers made unprompted connections between immediacy and FCEs (Faculty
Course Evaluations). They said that FCEs, like immediacy, are based on student perceptions.
As one teacher mentioned, ID 73: "But this immediacy seem to be very tied to student evaluation
kind of performance and less directly tied to student achicvement, and mastery in the material."”
This was quite interesting as both student learning and student evaluations of the course and
instructor were equally emphasised in the PD materials (Appendix C.3). However, it seems
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that instructors perceive that immediacy is connected with FCEs but not so much with actual
student learning in class. One hypothesis for this reasoning is that at CMU students’ learning is
not necessarily an issue provided that the students are highly motivated and highly achieving.
While, FCEs are still quite an important part of "measuring" instructors and their teaching and
often times used in promotions for teachers, even at CMU.

Teachers’ self-assessment of their data and performance

When teachers saw their proxemic data in the study, 3 out of 8 teachers mentioned that this is
what they expected and their performance was not a surprise. All teachers (8 out of 8) were able
to reason through the data and explain why their performance appeared one way or another.
Before seeing Part 3 of their data, with feedback from ClassInSight, 2 teachers thought their
performance was decent and fair. There were 6 out of 8 teachers who mentioned they were not
doing at their best but they blamed that due to other factors such as the physical layout of the
classroom or the technology they needed to use (as described above). Those teachers mentioned
that the study was not taking into consideration these factors. Another teacher mentioned that
instead of the proxemic data the study was presenting, they considered other other types of
proxemics as well as gaze more important to connect with their students.

After seeing Part 3 of their data with feedback from ClassInSight on their performance, teachers
in general thought they were doing better. In the social comparison condition, 3 out of 4 teachers
were glad they were doing better, even though they mentioned they did not want to compare
themselves with others. As one teacher said in response to my question of how did they think
they were doing, they said: ID 82: "Fantastic!! I'm just looking at that and going like wow, okay.
I am happy. I am doing something well." The other teacher in this condition mentioned that
everyone was doing as bad as him. In the verbal persuasion condition, one teacher completely
disregarded the feedback saying it was not helpful to them as an experienced teacher: ID 66:
"That’s why I was laughing, You’re doing a very good job! I don’t know. This made me giggle
a little bit.... this would turn me off personally. It might be fine for someone else.” The other
instructors thought in general the feedback was helpful. Overall, teachers thought there was
room for improvement but again there were restrictions in the physical layout of the classroom
or due to technology that did not allow them to do certain things.

Teachers’ Goal Setting and Behavior Changes Intentionally

At the end of their interactions with the boundary object designs, we asked teachers if they
wanted to change something in their behaviors and if so, how. Throughout the interview,
teachers also brainstormed independently what they could and would change. Even though in
this study I did not measure teacher behavior change, in the interviews, we tagged for themes
that represented proxies for behavior change such as what teachers were thinking about or were
interested in trying in the classroom as well as what they were going to change or pilot in the
classroom.

Overall, looking at PD and their data was fruitful and productive and it helped teachers take a
step back, reflect on their performance and brainstorm on what they could change or improve
upon. In general, it seemed that teachers had always defaulted and taken the current physical
classroom layout and technology as defacto and unchangeable and had never stopped to think
how to get around these hurdles. As one teacher mentioned, ID 66: "I have never even thought
to check if they [podium and table] detach. [for the purposes of moving the table away from the
podium/".
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All teachers (8 out of 8) set one or more goals of what specific behaviors they wanted to change.
As one teacher mentioned ID 93: "Like I said, after getting the data and objective evidence,
that really makes me improve myself towards the better data... For example, about this time
next year, I am determined to be better.” Another teacher mentioned that they think they have
done some changes already in their nonverbals, after signing up for the study. Two teachers
mentioned that the type of changes in relation to their nonverbal behaviors and proxemics were
more mechanical, and easier to manage and implement.

Some teachers set goals to move more around the room (3) and not be locked down in one
mode (2), lecture from different places (1). Teachers wanted to spend time on each side of the
room (2), while equitably balancing their position in front of their students (2). One teacher
committed to getting a pointer and another one to using a tablet to allow them to be more
mobile in the classroom. Others planned to use movement to emphasize important points (1)
and to stand closer to students by being in front of the podium/desk (2). One teacher said they
would try to detach the podium from the desk, to get in front of the students more often, and
another one planned to keep the podium at the center of the class, as a more equally distanced
position from everyone in class. Others wanted to spend more time facing their students and not
the board (1) or aimed to point things out more during lecture and stand closer to the projector
(1). Some teachers wondered if they could make better use of their position and movement to
keep students engaged (2).

Some teachers wanted to change how their students sit, including asking students to sit in a
semi-circle and be equally distant from the teacher (1), asking students to sit in different parts
of the classroom and position themselves in different proximities to the students (1), or asking
the professor who teachers the prior class to set up the room in a certain way (1). They also
mentioned they wanted to talk more to their students to get to know them better (1) and be
more engaged as students are speaking during class (1). Lastly, some teachers contemplated
reducing or adjusting the material they cover in class, leading them to spend less time behind

Overall, with the exception of one teacher, 7 out of 8 teachers wanted to see the PD material page
with suggestions on what kind of behaviors they could try to implement. As described above,
teachers brainstormed around those suggestions and some of them even set goals. Further,
teachers mentioned they needed specific suggestions, customized to their classrooms, on what
behaviors they could and should change, and how to implement those changes (3). For example,
teachers wanted explicit suggestions on whether they should be smiling more or less (1), how
should they use nonverbals in the classroom, how can they implement changes to their behavior
(1), and how to foster more interactivity with students (1). One teacher mentioned that if
they know a certain behavior is effective, they also want to know how they can overcome any
challenges preventing them from using that behavior.

7.4 IRB Incidents

I would like to preface this section by saying that I, together with my team, are pioneers in
the field of instrumenting classrooms with sensors and cameras as I describe in this study,
automating data collection in an unobtrusive way and running studies with real, in the wild
classrooms. Thus, a lot of the issues with the IRB mentioned in this section could not be
foreseen and are things I learned how to deal with.

During the data collection of Summer 1 2019 semester, a couple of issues came up in relation
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to doing data collection on third unconsented parties. In one case, the instructor brought their
children to class, who were minors. The instructor informed me about this matter only after
a few class sessions. In another class, I ran into cases where a guest lecturer was running
class or where third parties were Skyping into the lecture for a panel or as an invited lecturer.
Lastly, I ran into a few cases where class was cancelled for one reason or another, without the
instructor informing my team and I of this change. As a result, due to the data collection
happening automatically at the start and end of class time, I ended up doing recordings in
empty classrooms. The most problematic case was when students picked this empty classroom
to do work or homework and they got recorded by mistake.

All the above instances were immediately reported to the IRB. As a result, the IRB temporarily
shut down the project (for about 8 weeks). During this time, I closely worked with the IRB to
introduce new regulations for the studies, which were applied in the Fall studies described in
the next chapter.

One of the major regulations the IRB required the project to comply with was to remove
automatic data collection and instead manually start and stop data collection. That required
the project to have one student RA (research assistant) present in the classroom at all times.
The student would start data collection only after confirming that class was happening and
there were no third unconsented parties in the classroom as described above. The students were
instructed to stop data collection immediately if someone in class did not comply with these
regulations. Thsi change, unfortunately made it harder to run studies as described in the next
chapter, and on its own, it was not the ultimate solution, as other issues came up during the
Fall studies. I continued to work closely with the IRB to find a better solution in relation to
those problems.

7.5 Conclusions

In this paper, I describe an exploratory and design study which aims to understand teachers’
values, efficacies, motivations and interests around teacher immediacy and nonverbal behaviors.
In addition, the study aimed to explore how these constructs change after the teachers see their
own nonverbal data and what goals, if any, they set to change their behaviors in the classroom.
Throughout the study, teachers were introduced to PD materials on such constructs and to their
own proxemics data collected from their course with an instrumented classroom.

7.5.1 RQI1l: What are teachers’ familiarity, values, beliefs, assessment of
their performance, their self-efficacy and motivations, etc., around
teacher immediacy and nonverbal behaviors? How do such constructs
change after teachers see their own nonverbal behavior data?

From the analysis of the pre-questionnaires, I found that the majority of the instructors taking
part in the study were teaching faculty (5 out of 9). This can be explained by the fact that
most of the faculty who teach over the summer semester are teaching faculty. Distinguishing
the roles of the participants is important as for teaching faculty teaching is the primary focus of
their job while, say for Ph.D. students or tenure faculty, the primary focus would be research.
This could affect various measures in this study, as discussed in the findings section above. An
example of that is the result where 7 out of 9 teachers in the current study self-reported they
had had various types of Professional Development training, within and outside of CMU. This
is something which is not common of instructors at the university level but makes sense for the
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population in this study, provided the majority were teaching faculty. I found that even though
instructors had quite a bit of experience with other PD, they were not familiar with the concept
of immediacy but they were familiar with nonverbal behaviors in terms of "body language".

In general, teachers who took part in the study scored high in all the measures in the pre-
questionnaire. Despite this, they did not reach a ceiling effect and there was still room for
improvement. Teachers scored high in their the value they saw in using immediacy and nonverbal
behaviors in the classroom. Teachers also score quite high in their general self-efficacy (SE) and
self-efficacy for nonverbal behaviors (SE for NVB). Despite the small sample size, the distribution
of SE and SE for NVBs hints to a uniform distribution. In addition, SE and SE-NVB have very
similar distributions, which is positive in particular as the questionnaire that measures teachers’
SE-NVB was created by me for this study. Last but not least, teachers in this sample all scored
very high in terms of SE and SE for NVB, with the majority of the instructors falling into the
"high" SE and SE for NVB bucket.

In relation to motivation, teachers also had high intrinsic motivation, as well as moderately high
external regulation. There were 8 out of 9 teachers who scored quite high in intrinsic motivation
while only half of the teachers (5 out of 9) scored high in terms of external regulation. In their
planned efforts, persistence and PD aspirations, teachers again scored very high in the pre-
questionnaire. Provided that the majority of the instructors in the study were teaching faculty,
this can indicate that due to the primary teaching focus of their jobs, they are more intrinsically
motivated and less extrinsically motivated when it comes to teaching. In addition, they might
also be more motivated in terms of the effort and persistence they put in their teaching as well
as in terms of their PD aspiration in relation to their teaching.

In the post-questionnaire, teachers self-reported that they learned both from the PD materials
and their own proxemic data. There was a small difference in learning from the PD module
(slightly lower) than from seeing their own data and the dashboard module (slightly higher).
This may suggest that teachers find value in both PD and data, but they perceive they learn
more from seeing their own data and the dashboard than the PD module. In addition, to note is
that teachers in this study had quite a bit of prior experience with PD and training for teaching,
and they still self-reported they learned from the materials of this study. This shows that both
PD and data on their own immediacy and nonverbal behaviors is something that teachers find
valuable, learn from and need in their practice.

In terms of their values and beliefs around immediacy and nonverbal behaviors, there is not
much difference between the conditions. However, overall there is a positive trend of increase
in teachers’ values and beliefs from the pre to the post-questionnaire. In terms of SE and SE
for NVB, there is an increase in score from the pre to the post questionnaire. This shows that
seeing PD materials on immediacy and nonverbal behaviors as well as getting data on their
own behaviors helped teachers increase their SE for NVB from before to after the study. This
is important as a higher self-efficacy will lead to higher motivation and goal setting which will
directly affect their behavior change in the classroom (as described in Chapter 6). Looking
at the conditions separately, it seems that the social comparison group had the highest post-
questionnaire score overall (both in SE and SENVB) as well as the highest increase from pre
to post in both questionnaires. The results hint in the direction that the social comparison
intervention, namely seeing their data perform better than other instructors/peers, had the
highest effect on increasing instructors’ general SE and SE for NVBs from pre to post. This is
consistent with prior literature (i.e., [35]).
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Teachers had no major changes in the various motivational constructs (intrinsic, external, in-
trojected, amotivation) or in planned effort, persistence and aspirations from pre to post. This
might be because teachers are scoring quite high to begin with in the pre-questionnaire. But
also, these larger motivational constructs are general to teachers’ teaching and not specific to
their immediacy and nonverbal behaviors, and it makes sense that this study intervention did
not majorly affect them.

One interesting result was that the social comparison group had a slight decrease in intrinsic
motivation while the verbal persuasion group does not change. In relation to their external
regulation, the social comparison group has quite an increase while the verbal persuasion group
again does not change. This might be explained by the fact that in the social comparison group
the study is introducing external comparisons and rewards (comparison with other instructors)
to motivate teachers, thus there is an increase in external motivation and a decrease in intrinsic
motivation. In the verbal persuasion group the study is introducing verbal encouragement to
motivate instructors, which might not have been as intrinsically or externally motivating. In
terms of their motivation for participating in the study and in the tasks of engaging with PD
and their own data, teachers scored very high in the intrinsic motivation scale and very low in
the other scales including external regulation. This is understandable as instructors took part
in the study voluntarily, without being affected by extrinsic factors.

7.5.2 RQ2: What data are teachers interested in?

In addition, teachers expressed interest in various types of immediacy and nonverbal behavior.
To begin with, they were interested in data both about themselves and their students. For
themselves, they wanted to have more detailed information on their location and movement,
their eye contact and gaze, their body position and facial expressions. For students, they were
very interested in data that showed whether their students are engaged or paying attention, for
example based on whether they are actively taking notes, whether they are online on their phones
or laptops, whether their gaze shows they are following the lecture, etc. Teachers’ ultimate goal
was to support and increase student attention and engagement in class. Teachers also wanted to
know which of their behaviors supported students’ engagement and which made students more
distracted. More in general, they were interested in “student reaction data”; how students react
to actions or behaviors the teacher takes in class. Teachers thought that this kind of feedback
could help them gauge how effective their own practices were.

In relation to their perceptions of their and their students’ nonverbal behaviors in the classroom,
teachers seemed to fall into the following categories: clueless about some data, had some idea
about some other data but were not always sure, and were confident about some other data.
These results reinforce the need to provide teachers with data and feedback on their and their
students’ nonverbal behaviors in the classroom to support the teachers as they cannot keep their
eyes and attention on everyone all the time.

Interestingly teachers mentioned major issues and challenges that affected their proxemic behav-
ior in the classroom including the physical layout of the classroom (where various furniture such
as the podium, tables, projector screens, etc., were located and their mobility), the technologies
that instructors use that lock them in one position (including laptops, tablets, document cam-
eras, media, etc.), as well the size of the classroom (smaller vs bigger classrooms). These factors
affected both how instructors self-evaluated their data and performance in terms of proxemic
nonverbal behaviors as well as the goals that they set for themselves and what they saw as
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feasible and not feasible based on these challenges.

7.5.3 RQ3: How did seeing their data affect teacher goal setting for changing
their behaviors?

Teachers also engaged in brainstorming and set goals to change their behaviors, during the
interviews and in the post-questionnaire. This involved using technology that would allow them
to be more mobile, moving more in class, using movement and position to keep student attention,
moving furniture to stand in front of the students, etc. In particular, teachers wanted to be
more equitable with each part of the classroom, giving each student an equitable amount of
attention and making more eye contact. Teachers also mentioned challenges that affected their
behaviors including the physical layout of the classroom (the location of the podium or board),
the technologies that locked them in one position (laptops, document cameras), and the type of
classroom (subject matter and number of students)

Further, in the post-questionnaire, teachers scored very high in terms of their willingness and
readiness to change their immediacy and nonverbal behaviors in the classroom. In addition,
teachers’ likelihood to attempt and engage in these behaviors and their likelihood to enroll in
another PD of similar content was also high. Even though in this study I do not measure
behavior change, these results show that teachers are thinking, planning and setting goals for
changing their behaviors in the classroom, which is a first and very important step towards them
changing their behaviors and practices as well as a good proxy for measuring actual behavior
change.

To summarize, this study showed that teachers find some value in their immediacy and nonverbal
behaviors. They are interested in such data to help support their instruction and improve on
their practices. In particular, teachers want to use this data to keep and increase student
attention and engagement in class and to create a more equitable classroom environment, by
sharing their time and attention equally among the students. Further, the PD materials and
data provided to teachers during the study provided them with the opportunity to reflect on
their behaviors, brainstorm potential changes as well as set specific goals for things they want
to change. Despite the small sample size, the results of the study show that teachers increased
their performance from pre to post in various measures of efficacy and motivation and reported
learning and positive attitudes about the study materials and their own data. The results
support the usefulness of providing teachers with PD and data on their nonverbal behaviors to
support their reflection-for-action, as a first important step towards actual behavior change in
the classroom.

Designers of technologies should consider teachers’ needs and wants about immediacy and non-
verbal behaviors. They should enhance the data with PD and training materials to help the
teacher contextualize and see the value of such data. Furthermore, designers should support
teachers’ goal setting and interest in behavior change, while also providing actionable and clear
suggestions on how they can implement these behaviors and avoid the classroom layout or tech-
nology challenges. I will use the findings from this Chapter in the next study, where I aim to
design a technology that will share with teachers their own data from an instrumented classroom
to support their practices and help them improve on their immediacy and nonverbal behaviors.
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Limitations

Even though the findings of the study as discussed in this chapter were very interesting and
an important first step towards understanding teachers’ data needs in terms of immediacy and
nonverbal behaviors and how to support teachers to set goals and improve their practice, there
were several limitations to point out, that should be explored further in the future.

To begin with, the sample size for the study was very small, which, even though hinted towards
interesting results, it did not allow for measuring statistical significance. Thus, it is necessary
for generalizability to run a study bigger study with a larger participant base. Further, the
majority of the population in this study were teaching faculty, which bring a unique experience
and motivation to the study. It is important to run a study where there is a more diversified
participant base, with a good mix of teaching and tenure faculty. Lastly, the boundary objects in
the study shared with teachers very limited data in relation to their proxemics. It is important
to share with teachers a variety of their nonverbal, to better understand their interest and goal-
setting in behavior change. In the rest of Part 2 of this thesis, I focus on addressing those
limitations with a second study.
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Chapter 8

ClassInSight for supporting teacher
goal setting and behavior change
intentionality in the classroom

Abstract: Teachers play a crucial role in supporting students’ learning. However, little research
has investigated how to best support teachers and help them improve their practices in the class-
room. In this chapter, I aim to investigate how sharing with teachers their own data affects
their reflection-for-action and their behavior change intentionality. Furthermore, I investigate
how motivational feedback aimed at increasing self-efficacy affects teachers’ values, efficacies,
motivations, goal-setting and their intentionality for behavior change. Lastly, I aim to test for
consistency compared to my prior studies. To conduct this investigation I created ClassInSight,
a high fidelity professional development training and dashboard prototype designed based on
findings from my prior work. Results from a classroom study with 16 instructors showed that
ClassInSight affected teachers’ goal-setting and intentionality for behavior change. Findings
also show that teachers who receive motivational feedback from ClassInSight through social
comparison score higher in proxies for behavior change compared to teachers who receive mo-
tivational feedback through verbal persuasion. Finally, I found that the results in this study
were consistent with my prior studies. I discuss the implications of these findings for designing
technologies that best support and motivate teachers’ goal setting and behavior change.

8.1 Introduction

Teachers play a crucial role in supporting their students’ learning in everyday activities in the
classroom. It is crucial therefore to also support teachers in their day-to-day teaching as well as
help them work and improve on their teaching practices. Traditionally, professional development
(PD) has been used to provide training and feedback to teachers, as a way to support them
improve their practices. While very common and highly effective (i.e., [30, 60, 84, 94, 147, 178,
216, 229, 240], etc.), PD tends to be repetitive and not personalized (i.e., seminars or workshops)
or not scalable and infrequent (i.e., expert classroom observations) {120, 129]|. In addition, at
the university level, there exists a lack of training opportunities altogether leading to instructors
learning how to teach on their own and feeling isolated [68, 112, 113]|. This results in a gap
and opportunity to make PD more personalized, less repetitive, with opportunities to support
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reflection and feedback [30, 118, 194].

As classrooms become increasingly instrumented with various technologies and sensors (i.e.,
[11, 186]), new opportunities emerge to provide teachers with more personalized, scalable and
frequent support and feedback. Such technologies could collect and generate data both on
teachers and students, which can then be presented to instructors as feedback or be used in
conjunction with support from teaching professionals. This feedback can help support teacher
reflection and goal setting (reflection-for-action [106, 140, 194]) to help teachers improve their
practices and change their long term behaviors in the classroom.

Most of the prior work in this domain has mainly focused on technologies that support teachers’
reflection and action in real-time in the classroom (i.e., [20, 21, 123]). While extremely helpful
to instructors to manage their limited time and attention during class, these tools lead to
temporary, short-term behavior changes. A small but growing body of work has started to look
at how to support teachers’ reflection-for-action outside of class, when teachers are preparing
for the next class session. This practice would allow for more time and headspace for teachers
and it would support a deeper reflection, that can lead to improved practices and long term
behavior change.

In this chapter, I build on this body of work and my work and findings as described in Chapter
7. T aim to investigate how sharing with teachers their own data affects their reflection, goal-
setting, their intentionality for changing their behaviors and how to best support teachers in this
process. In this work, I did not measure actual behavior change on teachers, rather I measured
proxies for behavior change that show instructors’ desire and intentionality to improve their
behaviors in the classroom.

Based on the findings from Chapter 7 on teachers needs and wants, I created a high fidelity
prototype technology, ClassInSight that shares with teachers PD training on the value of im-
mediacy and nonverbal behaviors, integrated with their own personal data on their nonverbal
behaviors in the classroom. Further, I designed for ClassInSight to share with teachers moti-
vational feedback in the form of verbal persuasion and social comparison, aimed at increasing
instructors’ self-efficacy. I ran a, similar to Chapter 7 but more improved, classroom study with
16 instructors at an R1 institution. The research questions of the study were the following:

e RQIL: How does ClassInSight affect teacher reflection-for-action (reflection and goal set-
ting) and their intentionality for behavior change?

e RQ2: How does motivational feedback (social comparison or verbal persuasion) affect
teachers’ values, efficacies, motivations and their goal setting and intentionality for behav-
ior change

e RQ3: What are teachers’ values, data interests, assessment of their performance, their
self-efficacy and motivations, etc., around teacher immediacy and nonverbal behaviors?
How do such constructs change after teachers see their own nonverbal behavior data?
How do these findings compare to the findings from Chapter 77

Findings showed that ClassInSight affects teacher goal setting and various proxies for behav-
ior change. After working with ClassInSight, teachers expressed interest and intentionality in
changing their behaviors, scores moderately high on proxy measures for behavior change and
set explicit goals for change. Teachers also mentioned various challenges in changing their be-
haviors in the classroom. Furthermore, we found that showing teachers motivational feedback
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through social comparison results in them scoring higher in proxies for behavior change com-
pared to teachers who receive motivational feedback through verbal persuasion. The findings
in this study are consistent and follow the general findings from Chapter 7, but with more op-
portunities for generalizability and testing for statistical significance due to the larger number
of participants.

Through these findings, I contribute design implications for creating technologies that provide
teachers PD training as well as share with them data about their own classroom behaviors with
the aim to support their teaching and help them improve their practices. I discuss the types of
data that teachers would find useful in such a tool as well as the type of motivational feedback
that affects their reflection-for-action most. These findings are important to the HCI community
for designing and building technologies that best match the needs of the users and support them
in their reflection, goal setting and long term behavior change.

8.2 Designing ClassInSight

In Chapter 7, I found that teachers showed interest in their own nonverbal behavior data.
They were interested in their proxemics data with more details on location and movement in
the classroom. Similarly, teachers expressed strong interest in their eye contact and gaze data
with their students. Lastly, instructors mentioned that they wanted to strive for proportionally
splitting their attention among where their students sit. Based on these findings and the rich
body of research that highlights the importance of teacher immediacy and nonverbal behaviors,
I designed ClassInSight. ClassInSight is a high fidelity prototype technology that provides
teachers PD training and data on their immediacy and nonverbal behaviors in the classroom.
The ClassInSight materials were presented to instructors as paper prototypes to simulate the
experience with an app.

My team and I started iterating on the data visualizations instructors were presented with
during the study in Chapter 7. We started with sketches of different ways to visualize the data,
moved into low fidelity prototypes and further iterated those prototypes until we reached the
final high fidelity dashboard (Figure 8-1). The final version of the dashboard that I used in this
study is shown in Figure 8-2. Note that this dashboard is an example dashboard and the data
is not real.

ClassInSight contains PD materials (a PD Module) aimed to introduce the concepts as well as
the value of immediacy and nonverbal behaviors to teachers. An example of the PD Module is
shown in the Appendix D.4. ClassInSight also provides teachers with final PD materials that
share suggestions on what goals teachers could set for changing their immediacy and nonverbal
behaviors and how they can plan and act to achieve those goals. I created those PD materials
based on an extensive literature review as described in Chapter 6 and Chapter 7.

Further, at the top of the dashboard in ClassInSight, teachers were provided with an image
of their classroom sectioned into left, center and right at the front of the classroom as well as
the rest of the classroom where the students sit. This information aimed to make it easier and
more readable to the instructors where their behavior was directed and how that mapped into
the physical classroom. In addition, teachers were provided with a bar chart showing a the
density in percentage of where the students are siting proportionally in class. This information
aimed to help teachers determine where to proportionally spend more attention, as I showed
in the findings of Chapter 7. Lastly, the dashboard shares a general summary of the course
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number, the class sessions the data is based on as well as the total number of hours for these
class sessions. All the percentages in the rest of the dashboard represented averages over all the
class sessions I did data collection on.

In relation to their data, teachers were able to see both their location related data (proxemics)
and the gaze related data (oculesics). Findings from Chapter 7 showed that teachers were
very interested in both these two data types. For gaze in particular, there exists a large body
of research that has investigated what effect gaze and eye contact has on teaching and the
students. For example, direct eye contact and gaze can provide psychological closeness between
teachers and students and is an important component of the teacher’s immediacy. Similarly,
good eye contact increases rapport [23, 25]. In addition, eye contact permits teachers to monitor
and regulate their classes while simultaneously signaling warmth, attentiveness and immediacy
[24]. High levels of gaze make students more attentive to the teacher [50]. Students in high eye
contact availability are more likely to participate than those in low eye contact availability. On
the other hand, the teacher who rarely looks at a student when talking is communicating that
she/he is not very interested in that student and that the teacher is not approachable [50] while
teachers who look at their students are perceived as more interested and more immediable [201].
Eye contact is such a basic immediacy cue that its absence makes the warmest teachers seem
cold and distant [24]. [50] found that the absence of eye contact between teachers and university
students usually produces negative feelings in students.

In the ClassInSight dashboard, for proxemics, teachers were provided with the percentage of
time they spent at the right, center and left sides of the front of the classroom as well as
the percentage of time they spent away from the front of the classroom, among the students
(category "Other"). In addition, teachers were provided with the percentage of time they spend
behind and in front of the podium when they are near the podium. Lastly, they were provided
with the percentage of time they spend sitting versus standing in class.

In relation to their gaze, teachers were provided with the percentage of time they spend looking
at students versus looking away from students, at "Other" locations in class. In addition,
teachers were provided with the percentage of time they look at each part of the classroom
(left, center, right) as well as the percentage of time they look at "Other" locations including
their laptop/notes, the board, the projector screen or looking up/to the sides as they think or
transition from one activity to the other.

Lastly, ClassInSight provided teachers with one of the two types of motivational feedback: verbal
persuasion or social comparison. While prior work shows that both these types of feedback can
help people reach a successful performance and support change in behaviors, it is not clear
which of the two would be most helpful to motivating instructors to change their immediacy
and nonverbal behaviors [34, 35, 38].

ClassInSight provided teachers verbal persuasive feedback in the form of a short paragraph that
mentioned they have been doing a very good job and most certainly have the ability and skills to
improve (Appendix D.4, page 15). ClassInSight implemented social comparison by presenting
teachers their data compared with another instructor who was doing worse than them (prior
work shows that seeing oneself surpass others strengthens self-efficacy [34, 35, 38]). The data
was accompanied by a paragraph saying that their performance was very high compared to
other instructors who had worked with ClassInSight in the past. An example of this dashboard
is shown in Figure 8-3(b).

In summary, the final prototype of ClassInSight shares with teachers a PD module on immediacy
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Figure 8-2: Teachers’ dashboard that shares with them data on their own nonverbal behaviors
in class.

and nonverbal behaviors, a dashboard with their own data from class, but with more details
on their proxemics and new information on their oculesics and motivational feedback from
ClassInSight. The ClassInSight dashboard encompasses the teachers’ desires, needs and interests
as described in the Chapter 7 findings.

8.3 Methodology

In Fall 2019, I ran a classroom study at an R1 institution (Carnegie Mellon University). This
study was very similar to the study described in Chapter 7 but was more informed and designed
slightly differently based on the findings and the new knowledge I had from the Chapter 7 work.

For example, unlike the Summer semester (as described in Chapter 7), the Fall semester runs
over a longer span of time (15 weeks) from end of August to beginning of December. There are
more courses offered during the Fall semester, and as a result, more instructors teaching. The
class schedule runs over a normal 14-15 timeline (it is not compressed as over the Summer) and
instructors have more time and bandwidth to participate in studies.
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In this section, I will describe the methodology for the study I ran in Fall 2019. Many parts
of the study were very similar to the study I ran I describe in Chapter 7. As a result, in this
section I will only discuss the new and different parts of the study and refer to Chapter 7 for
the similarities.

8.3.1 Sensors in the classroom
Classrooms Equipped with Sensors

For this study, I continued using the instrumented classrooms that the EduSense team had
equipped with sensors, as described in the previous study. In Fall 2019, there were around 40
classrooms at CMU across different buildings that had been equipped with such sensors.

Data Collection with Humans in the loop

Due to the restrictions and new regulations set by the IRB as described in Chapter 7, the data
collection for the Fall 2019 studies was very different from that of the Chapter 7.

To begin with, the data collection did not happen automatically and on schedule. Rather, due
to the new IRB regulations, one student RA (research assistant, study team member) had to be
present in the class session I was aiming to do data collection in. The study team member was
supposed to start and stop data collections manually. To do that, one member of the EduSense
team installed programming prompts on each RAs’ computers that the RA would run to start
and stop the sensors in class from doing audio and video data collection.

The purpose for having a team member sit in every class session was to avoid data collection
when unconsented third parties were present in class. The RAs were instructed to not start data
collection if third parties (apart from the instructor, students and TAs) were present in class
and to stop data collection as soon as they noticed another party entered. RAs were responsible
to not do data collection in other cases such as when class was not happening that day. The
full protocol I created and used to train RAs is shown in Appendix D.1.

Obviously, having the process of data collection happen manually made it much harder to run
this study. To begin with, it was challenging to find enough RAs that would be available during
certain times in the day. RAs are generally students (undergraduates or masters) who also take
classes most likely during the times that we needed to do data collection for these studies. For
this study, 16 RAs and 3 other team members including myself helped with the data collection.
As a result of the big number of study team members, coordinating the schedule for who would
go to which class and do the data collection on any particular day was quite challenging. In
addition, it was extra time and effort training the RAs of how to act in various scenarios and
getting them to learn how to start and stop the sensors and data collection. Lastly, even though
I advised the RAs to sit all the way at the back of the class, in the corner, to be the least
disruptive for the class session, instructors were not happy to have an external person attend
class every time. For example, in one small ( 5-7 people) discussion based class, the instructor
complained to having the RA sit at the corner as everyone else would sit in the circle. The
instructor also mentioned that the RA typing on the laptop was distracting to them and the
students. All in all, the solution of doing manual data collection with RAs in the classroom
turned out to be quite challenging and it made it hard to do data collection in multiple courses
at the same time. Further, as I will describe later in this section, it only partially solved the
issue with avoiding doing data collection with unconsented third parties in the classroom.
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Data Processing with Humans in the loop

As described in Chapter 7, once the audio and video data is collected, it is saved in the EduSense
system’s database. Due to various technical challenges within the EduSense system at the time,
I did not use EduSense for processing this data to generate the teachers’ nonverbal behaviors.
Rather, I resorted to doing human coding of the video recordings of the classroom sessions.
Provided that I had a mini-army of RAs doing data collection as described above, it worked
quite well to have some of them also do data coding.

To begin with, RAs were trained on how to do behavior coding and how to use the software for
behavior coding. In Appendix D.2 I share the full protocol I created for training the RAs for this
process. To begin with, I met with the RAs and we walked together through the instructions
in this protocol. Then, together as a group we coded 10 minutes of a sample video recording
of a real classroom session. Lastly, I asked the RAs to independently code 10 minutes of two
other classroom recordings and to share with me the coding results as well as any uncertainties
or questions they had during the coding. I then would check their results against my coding
and other RAs’ coding and if I found any major differences I would discuss it with the RA and
understand what their line of reasoning was. In addition, during the process I would also answer
any questions about coding the RAs were uncertain about. I did not do Inter Rater Reliability
as there were no specific categories we were coding for, rather measuring the time the teacher
was doing one behavior or the other.

For doing the data coding, I decided to use Boris [95] a software that allows for event-logging and
coding of video and audio data. To code in Boris, the students had to upload a video recording
of the class session, a protocol used for coding, and an overlay image of that classroom divided
into left-center-right sections. Once everything was in the software, coding could be done easily
using the keyboard keys (more details in Appendix D.2 below). Once they were done with
coding, the RAs would export their coded data in a csv file and upload it into a shared Box
folder.

I wrote a script in Python that would read these csv files, process them and provide the per-
centage of time the teacher spent doing certain behaviors in class. I included these results in
an Excel spreadsheet and calculated averages percentages of time of such behavior happening
across the different class sessions I had done data collection on. Lastly, I manually transferred
the final values into the high-fidelity dashboard prototype for each individual instructor.

8.3.2 Recruiting Participants

The process of recruiting instructors and students for these studies was the same as the one
described in Chapter 7. There were small changes and wording differences in the recruiting and
consent forms in the current study that were required to comply with the new IRB regulations.
However, those changes were minor and did not affect the recruiting forms and materials.

In addition, as described in Chapter 7, during the summer semester there was a limited number of
teachers and ongoing classes, which resulted in a lower number of participants who were available
and willing to take part in the study. In the current study, there were more opportunities for
recruiting and for increasing the sample size of participants in the study. In addition, during
a normal semester, I was expecting the distribution of the instructors who were teaching to be
more representative of the actual faculty population, namely a majority of tenure faculty and a
minority of teaching faculty (whereas in the Chapter 7, this distribution was reversed).

134



Participants Who took part in the study

I reached out and emailed around 40 instructors who taught in one of the EduSense instrumented
classrooms during Fall 2019. Out of those, 17 instructors showed interest in participating in my
study. There were various reasons why the rest of the instructors did not or were not able to
take part in the study including: simply not being interested, or running the class for the first
time or making major changes to the curriculum and did not have the bandwidth to take part
in a study but were interested in working with us in the future, or interested in the study but
1-2 students from their class did not agree with running the study. One instructor was happy
to allow the study to do data collection but mentioned that they did not have time to take part
in the study. Lastly, some instructors I reached out to never replied back to my emails.

To note is that, similar to the study in Chapter 7, there is still a dilution on how many teachers
I reach out to and how many teachers sign up for the study and then complete all the stages
of the experiment. This again shows the level of challenge for recruiting enough instructors
and students for a in-the-wild classroom study as well as the many parts of the process and
the things that need to be taken into consideration. Further, as described above, the manual
collection of audio and video data from classrooms made it more difficult to recruit a bigger
number of participants in the study.

For the 17 instructors who were interested in the study and their students were on board, I did
data collection on 17 classes for various numbers of class sessions. However, only 16 instructors
took part in all the stages of the study while one instructor due to their limited time and other
commitments did not complete any of the study stages after data collection. The classes that
took part in the study were a mix of different subjects and fields including (Engineering, History,
Chemistry, Calligraphy, Computer Science, Language, Physics, etc.) and different levels (from
freshman introductory courses to higher level upperclassmen courses). In this study as well I
did not filter by any criteria rather than whether the classroom where the class was being taught
had EduSense sensors installed.

Lastly, due to delays in relation with the IRB for the study, and the lengthy process of recruiting
and consenting participants, I was only able to start data collection towards the end of the
semester and collect data only from a few class sessions per instructor (rather than do data
collection for the whole semester). For each instructor I aimed to do data collection for 6-8 class
sessions so that then I could filter and use data from 3-5 class sessions. Filtering involved only
including sessions where the instructor was teaching and removing class sessions from which I
could not extract any useful data on the instructors’ nonverbal behaviors such as when there
were student presentations in class or exam sessions and faulty recordings due to malfunctioning
of the sensors. In very few class sessions, despite the new IRB regulations, I ran again into the
issue of doing data collection on the unconsented third parties, this time in new and unforeseen
scenarios as described below. Those data recordings had to be removed from the study as well.
Ultimately, I kept around 3-6 class session recordings per instructor which results in around
80-90 hours of video data to be manually coded by the RAs, as described above.

8.3.3 Experiment Design and Study Materials

The overall experiment design of the current study followed the same steps as the experiment
design in Chapter 7. However, I iterated on the various materials from the Chapter 7 study,
including shortening the questionnaires to make them more concise for the instructors. I also
redesigned the PD materials to provide new information on gaze and eye contact behaviors and
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more suggestions on ways instructors could change their behaviors. Further, I created a new
interview protocol to better, more explicitly and more intentionally support teachers’ noticing,
reflection, assessment and goal setting as they were working with the PD materials and looking
at their own nonverbal behavior data. And lastly, I added the new ClassInSight dashboard
prototype as described above.

All the new and iterated study materials aimed to better help teachers’ reflection and goal
setting, with the purpose of supporting and being more helpful to them in improving their
practices and changing their behaviors. Below, I discuss in detail those changes and additions.

Pre-questionnaire and Post-questionnaire

Many of the sub-questionnaires in the pre and post questionnaires in this study were similar
to those in Chapter 7. However, I changed some of the sub-questionnaires to make them more
concise and shorten the time it took instructors to complete them. A strong motivation for
these changes were complaints from several instructors from the study in Chapter 7 that the
questionnaires were too long, took a lot of time, and often were repetitive and seemed as they
were trying to trick instructors, asking the same question multiple times in different ways. As
I describe below, I focused on removing redundant and repetitive questions, and adding or
modifying questions to include the location and gaze behaviors specifically. A summary for the
questionnaires used in this study is shown in Table 8.1 and in Appendix D.3 I have included
the full questionnaires. On average, the new pre-questionnaire took instructors 20 minutes to
complete while the post-questionnaire took only 15 minutes.

The following questionnaires were exactly the same in the Chapter 7 study and the current
study: general self-efficacy questionnaire, confidence, self-reported learning as well as the open
ended question on the goals instructors were going to set for change. I entirely changed the self-
efficacy for nonverbal behaviors questionnaire to make it more concise in wording and added
some questions to focus on self-efficacy of location and gaze behaviors specifically. Similarly, I
changed the self-reported nonverbal behavior questionnaire to only include questions in relation
to location and gaze behaviors. The value and beliefs about immediacy and nonverbal behaviors
questionnaire was also modified slightly to include gaze and location questions. The readiness
and willingness to change questionnaires also generally stayed the same but I added one question
to focus on gaze behaviors. All the motivation questionnaires were quite long and repetitive.
Thus, I cut down the general motivation questionnaire as well as the task specific questionnaire to
only include 5 questions, one for each motivational construct. Similarly, I cut down the number of
repetitive questions in the planned effort and persistence questionnaire. I also removed the open
ended question in relation to what demotivates teachers in their teaching. Attitudes were also
drastically cut down and shortened focusing mainly on attitudes about the PD, dashboard as well
as the location and gaze nonverbal data. Similarly, the questions on prior knowledge assessment,
changes for nonverbal behaviors, demographics, on the course instructors were teaching as well as
their experience teaching were cut down significantly and compressed in a few concise questions.

Questionnaire| Pre vs Post Source Original « In study «
Self-efficacy | Pre: p5-7, QI; | From TSES [227]; Re- | 0.94 Pre:0.93; Post:0.91
(for teaching | Post: p8-10, Q1 moved Q13 and Q22, kept
in general) all others in the same or-

der as original source
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Self-efficacy | Pre: p8-9, QI; | I created based on [40] - Pre:0.93; Post:0.94
for imme- | Post: pll, Q1
diacy  and
nonverbal
behaviors
Nonverbal Pre: pl0, Q1; Post: | From [198, 200] kept | 0.9 Pre:0.87; Post:0.94
immediacy pl2, Q1 only items related
self-report to location and gaze
(4,8,10,16,17,21,22,23,24),
added a new question to
balance item 16, removed
everything else. Change
the wording to "while
teaching"
Motivation Pre: pll, QI1-2; | Icreated open ended ques- | Ql: — Q2: In- | Pre: In-
for teaching | Post: p13, Q1-2 tion (items 1). Item 2 was | trin+Ident:0.79; In- | trin+Ident:0.38;
adapted from Table 3 in | troj:0.66; Ext:0.68; | Introj:—; Ext:—;
[250] taking one question | Amot:0.748 Amot:— Post: In-
per motivation category trin+Ident:0.00;
Introj:—; Ext:—;
Amot:—
Planned ef- | Pre: pl2, QI1-2; | From Table 2 in [244]: | Eff: 0.91; Asp: 0.91 | Pre:0.90(Eff:0.94;
fort, planned | Post: pl4, Q1-2 kept only the questions Asp:0.88);
persistence in relation to Planned ef- Post:0.82(Eff:0.94;
and pro- fort, Planned persistence Asp:0.88)
fessional and Professional Devel-
development opment aspirations (with
aspirations slight modification to the
language)
Confidence Pre: p3, Ql; Post: | Confidence  (Item 1) | — -
in  teacher | p6, Q1 adapted from Readiness
immediacy Rulers (RR) (for exam-
skills ples, see [92, 131, 228])

Value of im-
mediacy and
nonverbal
behaviors

Pre: p4, Q3; Post:
p7, Q3

I created beliefs about
immediacy and nonverbal
behaviors (Item 3)

Pre:0.91; Post:0.89

Around
teacher
nonverbal
behaviors
and immedi-
acy

Pre: p3, Q2; Post:
p6, Q2

I created open ended ques-
tion (Ttems 2)

Prior Knowl-
edge as-
sessment

of imme-
diacy  and
nonverbal
behaviors

Pre: p2

I created the questions

Demographics

Pre: p13

I created the questions
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On the | Pre: pl4 I created the questions - -
course  you
are teaching
this semester
Experience Pre: pl15 I created the questions - -
in teaching
Motivation Post, p15, Q1 From [88] No alphas reported | Post: In-
for  taking trin+Ident:0.23;
part in study Introj:—; Ext:—;
Amot:—
Self-reported | Post: p2, Q1-2 From [199], changed from | — 0.84
learning 0-9 to 0-10 scale, changed
the wording to match the
study activities
Attitudes Post: P3-5 all ques- | Adapted from Figure 4 in | [63] no  data, | 0.83
tions [63] but  other  pa-
pers  [102]=0.98,
[168]=0.94
Goals Post: pl16-17 Item 1: readiness to | — Readiness:0.95;
change and Item 2 will- Willingness:0.93
ingness to change were
adapted from Readiness
Rulers (RR) (for exam-
ples, see [92, 131, 228]),
I created Item 3 specific
goals set for change
Table 8.1: Pre and Post questionnaire big categories with sources
Interviews

After filling the pre-questionnaire, teachers met with me for a 1h interview where I shared with
them the ClassInSight PD materials to introduce immediacy and nonverbal behaviors and their
value. In addition, ClassInSight shared with them data about their own nonverbal performance
in the classroom. Compared to the Chapter 7 study, I redesigned the PD materials in this study
to be more concise and shorter and included additional PD on gaze and eye contact. The data
shown to instructors was presented through the dashboard prototype described above. The full
materials that teachers were presented during the interview are shown in Appendix D.4 and are
listed below as well.

1. (Introduction to Study): Researcher reads to participant page 1

2. (Professional Development): Researcher hands participants pages 2-6 and gives participant
time to read and ask questions

3. (Instructions for seeing their data): Researcher reads to participant page 7

4. (Data Part 1: Your performance): Researcher hands participant pages 8-10 and gives
participant time to reflect on data, ask questions

5. Researcher asks participant questions on page 11

6. (Data Part 2: Your performance compared to an Effective Teacher Standard): Researcher
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hands participant page 12-13 and gives participant time to reflect on data, ask questions
7. Researcher asks participant questions on page 14

8. (Data Part 3: ClassInSight Feedback): Researcher hands participant page 15 or 16-17
based on the experimental condition the participant is in (verbal persuasion - page 15,
Social comparison - page 16-17) and gives participant time to reflect on data, ask questions

9. Researcher asks participant questions on page 18
10. Researcher asks participant questions on page 19

11. (How you might work to change your proxemic nonverbal behavior in the classroom): Re-
searcher hands participant page 20-21 if they are interested in seeing some suggestions on
how they can change their behavior

The data

The biggest change in this study was the interview protocol and the questions that the researcher
(I) asked the instructors as they were working with the materials. To begin with, after reading
the PD materials, I asked teachers to share what they thought their performance was in terms
of location and proxemics. This was a question that I had not originally included in the study
protocol, but decided to add during the interviews as a way to gauge teachers’ self-perceptions
of their own nonverbal behaviors before they saw any data on these behaviors.

Second, after every time the teachers saw their data (in Part 1, Part 2 and Part 3 respectively),
I asked them the questions below. My aim for asking these questions, and another difference
from the Chapter 7 study, was to explicitly support teacher in doing a deeper reflection and
focusing on reflection-for-action, in particular goal-setting. I aimed to have a stronger focus on
planning and goal setting to better support teachers in their first step towards behavior change.
More specifically, through my questions, I focused on supporting teachers’ (1) noticing of their
data, (2) reflection and assessment of their performance as well as (3) planning and goal setting
for behavior change in the classroom, as shown below. For goal setting in particular, I was
interested in seeing if the teachers wanted to change, if so what did they want to change and
how did they plan to change. I asked this question repeatedly throughout the interview rather
than once at the end (as I did in the Chapter 7 study) to see the progression of goal setting
and any changes in their intentionally for behavior change from the beginning to the end of the
interview.

1. Noticing: What do you see? What do you notice?
2. Reflecting: What do you think about your data?

How do you think you are doing? How would you evaluate your performance based
on the data that you see?

3. Planning: Do you want to change anything in your behavior?
What would you like to change?
How would you change it?
Data Part 1: Your Data
In Part 1 of the data teachers were presented with their "raw data" in dashboard form, as shown

in Figure 8-2.
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Data Part 2: An Effective Teacher Model

In Part 2 of the data, teachers were presented with a short text description of what the literature
suggests an effective teacher model should look like in terms of their nonverbal behaviors in the
classroom. The text was accompanied by a dashboard as shown in Figure 8-3(a) where the
teachers’ own data was shown against and effective teacher model.

This effective teacher model suggests proportionally dividing the instructors’ time and atten-
tion among their students, based on where their students are sitting. The black dotted lines
together with the percentages in bold black font represent where the effective teacher should
be proportionally based on where the students sit in the classroom. For example, based on the
student density shown at the top right of Figure 8-3(a), the teacher should be spending more
time located at the left side of the classroom (30% of the time vs the current 20%) and should
be spending more time looking at the left side of the classroom ((30% of the time vs the current

4%).

In addition, the effective teacher model suggests to spend less time behind the podium and table
and more time looking at and facing the students. Provided that to the best of my knowledge
there is not prior literature showing how much time would be ideal to spend in front of the
podium or looking at your students, in this dashboard I suggested teachers to spend all the time
in front of the podium and 50% or more of the time (half or more) looking at their students.

Class @nsight Class @nsight

Hello Professor Xhakaj! Hello Professor Xhakaj!

Gaze (oculesics) Gaze (oculesics)

Where you look when you teach Where you look when you

,,,,,,,,,,,,

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

(a) Teachers’ data against a suggested effective(b) Teachers’ data against in a social compari-
teacher model. son format.

Figure 8-3: Example of the dashboard teachers saw in part 2 and Part 3 of the interview.

Data Part 3: ClassInSight Feedback

In the third and last part of the study, similar to the Chapter 7 study, I provided teachers
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motivational feedback from the ClassInSight app as described above. Teachers received one
of the two types of the motivational feedback based on the experimental condition they were
assigned to randomly: verbal persuasion or social comparison. Except for this part of the
study that introduced the two conditions, every other part of the study was exactly the same
for all teachers. The motivational feedback was aimed at increasing instructors self-efficacy as
described in Chapter 7.

At the end of the interview, I asked instructors a couple of final questions. First, I wanted to
know what other data they were interested in having, in addition to what the current dashboard
was providing. Second, I asked instructors for some feedback on the study and the materials
presented to them. Lastly, I asked instructors if they wanted to see some suggestions on how they
could change their nonverbal behaviors in the classroom. My aim was to first measure once again
teacher willingness to consider behavior change as a proxy and first step before actual behavior
change. Secondly, I wanted to provide teachers extra PD materials with suggestions and ideas of
what they could change in their nonverbal behaviors in the classroom that were more actionable.

How you might work to change your location and gaze nonverbal behavior

The suggestions on how teachers could change their nonverbal behaviors focused specifically on
location and gaze. I redesigned this part so that it was more concise compared to the Chapter
7 study version and easier to read and parse.

8.3.4 Data analysis
Analyzing the questionnaire data

My team and I conducted the analysis of the questionnaires and generated the following results
and charts. To look up the questions in the questionnaires, in Table 8.1 I have included the
page numbers for each questionnaire and the questionnaire itself can be found in Appendix D.3.
The analysis below is based on the data collected from 16 teachers filling the pre-questionnaire.
Out of 16 teachers, only 15 filled the post questionnaire while one instructor completed only a
handful of questions in the post and left the rest blank. For this reason, I will not include this
instructor data point in the post-questionnaire analysis. In total, 16 teachers took part in the
interview sessions.

Cronbach’s Alpha

In Table 8.1 T have calculated Cronbach’s Alpha [69] for all the items in both the pre and post
questionnaire. In the column next to the calculated Alpha, I have included the original Alpha
found in the literature under the "Source" column. Note, that in this study, I changed the pre
and post questionnaires to make them shorter and more concise. Thus, there were multiple
items in both questionnaires that were individual questions, for which Cronbach’s Alpha cannot
be calculated. In addition, in many cases, the source of the questionnaire did not use or share
a Crobach’s Alpha thus the value is missing in the "Original Alpha" column. Lastly, the reader
should keep in mind that, as described in the same table, the questionnaires were often modified
and changed slightly or drastically to match the study goals.

With few exceptions, the calculated alphas are generally quite high (above 0.8) and match the
original alpha when available. Even for the items that I created on my own, such as the self-
efficacy for immediacy and nonverbal behaviors, the alphas are quite high. In the few cases
when the alphas are on the lower end (i.e., the Intrinsic and Identified motivation tuple) and
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there is a decrease on the alpha value from the Chapter 7 to the Chapter 8 studies. The reason
is mainly because there are only 2 items (questions) for this construct, which are insufficient
to fit the assumptions for calculating the alpha as the literature recommends 3 items at least
[169]. In addition, even though slightly bigger than the Chapter 7 study, overall the sample size
in this study was small (only 16 participants). To summarize, provided that the questionnaires
have been used and vetted in literature, the reduction in the number of questions as well as the
small sample size in this study, the calculated Cronbach’s Alphas are adequate for the following
analysis.

Analyzing the interview data

There were on average 16h of video interviews recorded from the teacher interviews (on average
1h of interview per instructor). Research assistants in our team transcribed the interviews first
automatically, using the Temi service. Then they manually double checked the transcriptions
for accuracy. Similar to the analysis in Chapter 7, we then used Atlas.ti to conduct a deductive
thematic analysis on the transcriptions. As the first step of the deductive thematic analysis, I
defined a set of broad themes based on the study aims and research questions and the existing
knowledge my team and I had from running the current studies and analyzing the studies in
Chapter 7. The broad themes included teachers’ interest around data, teachers’ assessment of
their performance, teachers’ ability to monitor nonverbals in class, teachers’ interest around
setting goals and changing behaviors.

I created a Microsoft Word document with a description of each of those themes and examples
from the interviews of what counted and did not count for each theme. My team (4 students)
and I ran a thematic analysis and independently tagged with the major themes the same in-
terview. We then came together and discussed discrepancies and uncertainties in the tagging.
We repeated this process once again, at which point we had reached a common understanding
of the major themes. We then split the interviews among ourselves, and once a week came
together to discuss interesting findings or points of uncertainty. Once the interviews were fully
tagged with the major themes, we came together to discuss potential patterns within each major
theme which created sub themes. We reviewed and organized these sub themes in a second word
document. Before writing this section, I did a full pass at all the thematic analysis findings and
taggings on the interviews, adding any taggings and necessary and summarizing the themes.
Based on this process I then wrote the following findings section.

8.4 Findings and Discussion

In this section I analyze instructors’ answers to the pre and post questionnaires and interviews
they took as part of the study. To have a more coherent presentation and discussion, I have
organized the findings based on the source of the data (pre, post questionnaires and interviews).
In the Conclusions section, I bring back the research questions and summarize the findings and
contributions of this chapter.

Note: In certain cases in the following analysis of the questionnaires, the data presented in the
table might be slightly off in accuracy compared to the data shown in the charts. An example
is the average of say 8.63 is presented as this value in the chart (calculated with Excel) but
presented 8.62 when calculated in R. That comes from an R policy to round the actual value
of 8.625 down to 8.62 and not up to 8.63 . Those differences are minor and do not affect
the analysis.
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8.4.1 General Analysis of the Pre-Questionnaire

From the 16 instructors who took the pre-questionnaire 11 were male and 5 were female. Similar
to the Chapter 7 study, there is a majority of male faculty in the sample. This might be a result
of the overall faculty population at CMU, namely more male than female faculty in general.
In relation to their role, 4 instructors were Teaching Faculty, 1 was Adjunct Faculty, 10 were
Tenure Faculty and 1 was a Ph.D. student (Figure 8-4(a)). The Ph.D. student was a TA who
lead the recitation sections of a course taught by another instructor, who also took part in the
study. The distribution of faculty roles in this study is also quite different from that during the
Chapter 7 study where the majority of the participants were teaching faculty. The instructors’
teaching experience varied from less than 10 years (6 teachers) to 10 years or more (10 teachers)
(Figure 8-4(b)). Most teachers had experience teaching at the college level, and 2 of them had
experience in K12 with middle and high school levels. None of the instructors in this sample
had worked with me on prior studies in relation to this thesis work, thus for all of them it was
the first time taking part in this type of study.

How many years have you been teaching in the classroom?

What is your role at CMU? 50 47

10

33
30
8
Years
2 23 23
20
6 20
4

4 10 10 10

10 6 7 7
2 3 35

1 1 1 I
|

0 21 24 8 92 63 56 11 20 88 19 43 35 75 14 15 40

PhD Student Tenure Faculty Adjunct Faculty Teaching Faculty s

(a) Participant roles at CMU. (b) Number of years instructors have taught in the
classroom, regardless of the level taught.

Figure 8-4: Participant demographics.

In relation to their experience with professional development, half of the teachers, 8 out of 16,
had no experience with working with the Eberly Center for Teaching Excellence and Educational
Innovation at CMU. Only 7 teachers had attended workshops, taken seminars, or been involved
in some other way with them. Lastly, one teacher’s response was not clear in answering this
question. This distribution in experience with PD, where the majority of instructors have not
worked or been involved with Eberly, is very different from the distribution I found in the
instructors who took part in the Chapter 7 study, where the majority there had worked with
Eberly at various lengths. This might be an effect of the population in the current sample,
where the majority of the teachers are tenure faculty and there is a smaller number of teaching
faculty. For tenure faculty, unlike for teaching faculty, teaching is not necessarily the primary
focus and concern of their job as other matters related to research or administration maybe
their primary responsibility. In fact, looking at the data in more detail, the 7 instructors who
responded "Yes" to having worked with Eberly were all 4 teaching faculty, 1 Ph.D. student,
and 2 tenure faculty in our sample. The rest of the tenure faculty and the 1 adjunct faculty all
responded "No" to this question.

Outside of PD from Eberly, 5 out of 16 teachers had not had any other training on their teaching
or any type of professional development. One instructor responded "No" to this question but
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mentioned they follow research in this area, while a last instructor did not clearly respond to
the question. Again, provided the population in this study, namely a majority of tenure faculty,
these results are understandable. As one tenure faculty responded ID75: "No. Ironically, college
professors do not receive rigorous teaching instructions as K-12 teachers. We learn by trial and
error." In addition, there were 9 instructors out of 16 who mentioned they had taken part in
some sort of PD at CMU or elsewhere, including on boarding when they were hired as faculty for
the first time (1), having taken a course at some point in their careers (3), attending conferences
in the field annually (1), a mentor providing comments on class sessions (1), attending various
workshops and seminars (1), having had PD only from Eberly (2).

Familiarity with immediacy and nonverbal behaviors

When asked to self report on their familiarity with the concept of immediacy, most teachers (11
out of 16) said they had "No idea" what immediacy was. Another instructor said they had no
idea but gave a close definition, while 3 instructors gave a definition that was totally off from
the actual concept of immediacy. Only one instructor provided a definition that was relatively
close to the actual definition.

On the other hand, when asked to about familiarity with nonverbal behaviors, all teachers
expressed some level of familiarity with the term and they all could provide some examples
of nonverbal behaviors. Provided that immediacy is a concept that mostly comes across in
literature, it is understandable why the majority of teachers had no idea what it was. At the
same time, nonverbal behaviors are more likely to come up in everyday conversations outside
of teaching in terms of body language which is a more commonly used term. These results are
consistent with the Chapter 7 study findings.

After asking the above questions to teachers, from this point on in the pre-questionnaire teachers
were provided with definitions for immediacy and nonverbal behaviors at the beginning of each
questionnaire. These definitions were meant to help them better answer the questions related
to those terms.

Confidence in immediacy and nonverbal behaviors

When asked to quantify their confidence in their immediacy skills, most teachers responded they
were quite confident in their teacher immediacy skills as shown in Figure 8-5. In total, 1 out of
16 teachers responded they were "Extremely Confident", 2 teachers responded they were "Very
Confident" and 9 teachers responded they were "Moderately Confident" in their immediacy
skills. Only 3 teachers responded they were "Slightly Confident". The overall weighted average
was 3.13 out of 5 an average of slightly above "Moderately Confident"). Despite not being
familiar with immediacy as a concept, many of the teachers in out sample, provided their many
years in teaching experience, have made use of methods to help develop immediacy with their
students in the classroom. These results are similar to the Chapter 7 study findings. It is positive
that these results show teachers are quite confident in their skills, however there is room for
improvement to move the teachers’ answers from "Slightly" and "Moderately" to "Very" and
"Extremely" confident.

Behavior Change Intentionality

When asked if they had any specific immediacy or nonverbal behaviors skills that they wanted
to work and improve on their teaching, half of the teachers, 8 out of 16, responded "Yes"
in that they wanted to work on behaviors such as facing the board less (1), using nonverbal
behaviors more consciously (2) in particular to increase engagement in class (2), learn how to
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Figure 8-5: Teacher confidence in their immediacy skills.

handle specific classroom situations (1), equally engaging all students instead of focusing only
on those who already show interest (1), in particular in cases where cultural differences play a
role (2). Teachers recognize that there are certain aspects of these skills they want to work and
improve on provided they have not had any training in particular on those skills. As one teacher
responded to this question, ID 20: "Yes, since none of mine [immediacy or nonverbal behavior
skills| are trained or necessarily conscious”. The majority of the instructors who responded
"Yes" were tenure faculty, while only 2 out of 4 teaching faculty responded "Yes" and the other
2 responded "No".

In addition, 4 out of 16 teachers responded "No" to this question, while one teacher responded
"No" and another one "Not sure" but both were open to improvement. Interestingly, one
instructor answered that they needed to have a better understanding of the value of immediacy
to be able to say if they wanted to improve on anything. Lastly, a teacher mentioned that there
are a lot of external factors that inhibit them from doing well or wanting to do well in terms of
those skills.

Values and Beliefs around Immediacy and Nonverbal Behaviors

In Figure 8-6 I share teachers’ values and beliefs around immediacy and nonverbal behaviors.
Over all the questions in the questionnaire, teachers scored an average value of 5.35 which
falls between the "Agree" and "Agree Strongly" in the scale. with the various statements. In
particular, teachers score closer to "Agree Strongly" with the statement that immediacy and
nonverbal behaviors have a significant effect on teaching effectiveness (average 5.63) but they
score a little lower with the statement that these constructs have a significant effect on student
learning (average 5.38). This is interesting as an effect on teaching would translate to an effect
in student learning, but maybe the indirectness leads teachers to beleive such behaviors affect
student learning less. Despite this, overall it seems that teachers see a value in immediacy and
nonverbal behavior in the classroom.

When asked about specific nonverbal behaviors, teachers score lower in the value they see in the
location and position behaviors in class (average of 5.00) while they score higher on the value
that they see on the gaze and eye contact behaviors (average 5.56). A potential explanation
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Figure 8-6: Teachers’ values and beliefs around immediacy and nonverbal behaviors.

for this difference could be that teachers value gaze behavior and the connection through eye
contact with their students much more than they value their location and position in class. In
addition, for both location and gaze, teachers believe they have a significant effect on fostering
immediacy in the classroom, while they score much lower on whether they agree with such
behaviors having a significant effect on student learning. This gap is much more noticeable for
location and position behaviors, even though it can still be seen in the gaze and eye contact
behaviors (Figure 8-6). Overall, these results are consistent and in the same direction as the
results in the Chapter 7 study, with the exception that the mean scores in this study are slightly
lower per question compared to the mean scores per question over the Chapter 7 study.

General and task-specific Self-efficacy

In relation to Self-efficacy, the pre-questionnaire measured teachers’ general self-efficacy for
teaching (SE) as well as the self-efficacy for immediacy and nonverbal behaviors specifically
(SE-NVB). In Figures 8-7(a) and 8-7(b) I plot the distribution to teachers’ answers to each
questionnaire. The x-axis represents the average score per teacher overall all the questions
in the questionnaire, while the y-axis represents a count of teachers who got that score. At
a high level, both charts hint at a uniform distribution of SE and SE-NVB. In addition, SE
and SE-NVB have very similar distributions, which is positive in particular as the SE-NVB
questionnaire was created by me, based on [40].

For SE, I split the 1-9 scale, from "Not at all" to "A great deal" into three buckets low [1,
3.66], mid [3.67, 6.33] and high [6.34, 9] and the participants fell into the mid and high buckets,
respectively 8 teachers in the mid-SE and 8 teachers in high-SE bucket. In relation to SE-NVB,
the teachers fell 9 into the mid-SENVB bucket and 7 into high-SENVB bucket. Unlike in the
Chapter 7 study, where the majority of the teachers fell in the high-SE /high-SENVB groups, in
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this study there is a more equal distribution of the teachers in the mid and high SE/SENVB
buckets. This can be explained by the population in the current sample size, namely the majority
being tenure faculty.

Average SE Average SE-NVB

3- 2-
| l
1.
0- 0-
2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9

1

Count
Count

i
Score Score

(a) Teachers’ general self-efficacy for teaching (SE). (b) Self-efficacy for immediacy and nonverbal behav-
iors.

Figure 8-7: Teachers SE and SE for NVB distribution.

In Figure 8-8(a) I am sharing the average SE and SE-NVB scores across all participants as well
as a breakdown of SE-NVB scores on the general, location and gaze related questions. In terms
of SE, instructors score on average 6.45, a value between "Some degree" and "Quite a bit" in
terms of their self-efficacy about their teaching. The average of SE-NVB is lower with a score of
5.91, while still between the "Some degree" and "Quite a bit" scale. It is interesting to note that
those averages are lower than the respective averages of the Chapter 7 study (6.86 for SE and
7.14 for SE-NVB). One factor could be the different population distribution and the majority
of tenure (instead of teaching) faculty in this sample. In addition, as described above, there are
more instructors in this sample who fell into the mid-SE/SENVB group, thus bringing down
the overall average.

Taking a closer look at the average of SE-NVB for location and gaze respectively, teachers score
on average much lower on questions related to location (average of 5.56) compared to questions
in relation to gaze (average of 6.13). In Figure 8-8(b) I share the weighted average per question in
relation to the questions in SE-NVB. Teachers score low on location related questions, however
interestingly they score higher on the question of "using location and position to keep student
attention". Teachers’ answers on the gaze related questions are quite high, on both using gaze
and eye contact to foster immediacy as well as keep student attention. It is interesting to see
that these results are consistent with the above results of the values and beliefs teachers held
about proxemics and oculesics, where they valued location and position much less that gaze and
eye contact.

Self-reported nonverbal behaviors

In the current study, the modified questionnaire that asked teachers to assess their nonverbal
behaviors (NB) ranges from a score of 58-98 (after the reverse scoring is taken into account).
Note, this range is different from the Chapter 7 study due to changing the questionnaire by
cutting down some questions to make the questionnaire shorter and more concise (as discussed
in Table 8.1).
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Figure 8-8: Teachers SE and SE for NVB statistics.

The average score for the pre-questionnaire was 85 and the standard deviation was 6.4, with
lowest value being 73 and the highest one being 96 in the range 58-98. This shows the teachers
in this study perceive they use nonverbal behaviors quite often in class, however they do not
reach a ceiling effect, leaving room for improvement. In addition, despite the relatively small
number of participants in the sample the distribution is showing a tendency towards normal
(Figure 8-9).

Taking a closer look at the individual questions of this questionnaire, in relation to oculesics
(gaze and eye contact) shown in Figure 8-10(a), teachers score quite high in how they perceive
their oculesics behaviors in the classroom (slightly higher than "Quite a bit" in the scale). In
relation to proxemics (location and proximity to students) shown in Figure 8-10(b), teachers
self-report their perceived use of proxemics much lower (slightly above "Occasionally" in the
scale). This result could be explained also by the fact that teachers value gaze more than location
and their SE-NVB for location is lower than for gaze (as described above). Thus, instructors
perceive they use gaze behaviors more than location related behaviors in the classroom.

Motivation
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Figure 8-10: Teacher self-reported NVB per question.

When asked what things motivate them in doing their best in the classes they are teaching this
semester, instructors shared a variety of responses. To note is that those responses were quite

149



Table 8.2: Motivation constructs and the questions in the questionnaire
Intrinsic + Identified e Because I derive much pleasure from teaching
e Because I see my teaching as a significant contribution to my students’
overall academic success

Introjected e Because a good performance in teaching contributes largely to my
self-esteem as a professor

External Regulation e Because my employment contract demands me to teach

Amotivation e [ don’t know, sometimes I don’t see the actual purpose of teaching

different from the responses in the Chapter 7 study in that they rarely connected or referred
to constructs related to immediacy and nonverbal behaviors. Some of the things that most
instructors in this study found motivating included student learning (8 half of the teachers), for
students to be successful and reach their highest potential (2) as well as the importance or beauty
of topic the instructors were teaching (4). The latter motivator is understandable, in particular
as tenure faculty, that compose the majority of the population in this study, often teach courses
that lay in their areas of expertise and knowledge and that they find important and interesting.
Constructs related to immediacy and nonverbal behaviors such as participation/engagement in
class (2), student interest in the topic (1), student effort or (1) creating a supportive environment
for students (1), were motivating for far fewer teachers, again opposite to the Chapter 7 study
results. This could be an effect of the population in this study. Lastly, some teachers mentioned
being motivated by the responsibility/obligation that comes with their job (2) or them liking
the job (1).

In relation to motivation, teachers were also asked to rate their agreement with statements that
represented various reasons of why they teach. This questionnaire meant to measure teachers’
motivation in relation to teaching focusing on the following constructs: intrinsic motivation (as
a merge of intrinsic and identified motivations), external regulation, introjected motivation and
amotivation. In Table 8.2 I list the questions of the questionnaire that measured each of those
motivational constructs.

There are 13 out of 16 teachers who scored a 4 and above ("Agree" and above) on the intrinsic
motivations questions and 3 teachers who scored between "Undecided" and "Agree" (shown
in Figure 8-11). In external regulation, the distribution of instructors is more of a mixed
bag; 7 out of 16 teachers, (almost half) scored 4 or higher, which means they were highly
externally motivated, while the other 9 instructors score a 2 or lower (between "Disagree" and
"Totally Disagree"), meaning they are not at all externally motivated. Similarly, for introjected
motivation, there are 10 instructors scoring a 4 or above (between "Agree" and "Totally Agree"),
3 instructors scoring 2 or below (between "Disagree" and "Totally Disagree"), and 3 instructors
scoring "Undecided". Lastly, in relation to amotivation, all instructors scored a 1 "Totally
Disagree" except for 2 instructors who scored a 2 "Disagree" (as shown in Figure 8-11).

Based on these distributions, as well as the means shown in Figure 8-12(a), teachers on av-
erage score higher on the intrinsic motivation construct (an average of 4.4 out of 5 scoring
between "Agree" and "Totally Agree" scale), compared to all the other motivational constructs.
Amotivation scores the lowest (1.1 on average, close to "Totally Disagree"), followed by external
regulation (2.7 on average, between "Disagree" and "Undecided"), lastly followed by introjected
motivation (3.6 on average, between "Undecided" and "Agree"). The intrinsic motivation av-
erage is consistent (exactly the same) with the average found during the Chapter 7 study. The
introjected motivation average is slightly higher here (3.6 here as opposed to 3.4 in the Chapter
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Figure 8-11: Score distribution for the 4 motivational constructs.

7 study) while the amotivation is slightly lower (1.1 here as opposed to 1.2 in the Chapter 7
findings). The biggest difference is in external motivation, where the average dropped from the
Chapter 7 study (2.7 here compared to 3.4 in the Chapter 7 findings). These results show that
cutting down the questions of this motivation questionnaire with the purpose to make it more
concise did not affect the motivational constructs and the results, with the exception of external
motivation, which might be more a factor of the population sample in this study rather than
the questions being reduced.

Looking in more detail at each of the motivational constructs per faculty role at CMU, Figure
8-12(b) is showing the averages of each construct. Note that the averages are over different
population sizes (there were 4 teaching faculty, 10 tenure faculty, 1 Ph.D. student and 1 Adjunct
Faculty), and for this reason I will not focus the discussion on the Ph.D. student and Adjunct
faculty provided there is only 1 data point. Rather, I will discuss the results in light of the
tenure and teaching faculty responses. On average, teaching faculty scored higher than any other
faculty in terms of intrinsic motivation (an average of 4.8 out of 5), while they scored the lowest
in external regulation (1.5 out of 5). On the other hand, tenure faculty expressed lower intrinsic
motivation than teaching faculty, but almost twice as much external regulation (3 out of 5). With
the exception of the 1 data point (Ph.D. student) with the highest external regulation, tenure
faculty have the largest score in terms of external regulation. These results could indicate that
teaching faculty, whose job requires them to primarily teach, are more intrinsically motivated
in relation to teaching. Whereas, tenure track faculty, for whom teaching is not their primary
focus, might be less intrinsically motivated and more extrinsically motivated when it comes to
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teaching. Both tenure and teaching faculty score moderately high on introjected motivation and
low on amotivation.

In Figure 8-12(c) I share the weighted averages per question in the current motivation question-
naire. Each question measures one of the 5 motivational constructs (with intrinsic and identified
merged in the above analysis). Teachers score the highest in the questions measuring intrinsic
and identified motivation ("Because I derive much pleasure from teaching" with an average of
4.25 and "Because I see my teaching as a significant contribution to my students’ overall aca-
demic success" with an average of 4.50). Thus, instructors’ interest and enjoyment in teaching is
quite high, but the value they see in teaching for their students and their success is higher. Sim-
ilarly, external regulation of extrinsic reward scores low, while the introjected motivation scores
quite high (an average of 3.63). Introjected motivation involves the ego, in this case |articipants’
self-esteem as a professor, and provided the population in this sample (mostly tenure track),
their years in teacher (majority more than 10 years) as well as the institution they are teaching
in (a well reputed school such as CMU) it is understandable for their introjected motivation to
be high.

In terms of the planned effort and professional development aspirations, teachers on average
scored a 5.74 out of 7, between "Moderately" and "Extremely" in the scale (Figure 8-13(b)).
This value is slightly smaller than that found in Chapter 7 (6.2). The average of planned effort
is slightly higher than that of PD aspirations, both relatively lower from the Chapter 7 averages
(6.25 and 6.07 respectively). Overall, 14 out of 15 teachers scored higher than "Moderately",
while only 2 of them scored between "Slightly" and "Moderately" (as shown in Figure 8-13(a)).

In terms of planned effort alone, all 16 teachers scored a 5 or above (above "Moderately"),
with 8 teachers scoring between a score of 6-7 and 3 teachers scoring a 7 ("Extremely") (Figure
8-14(a)). This shows that teachers are willing to put in effort into their teaching and will strive
hard to become an effective teacher, as shown in Figure 8-14(b). On average, teachers report
they will strive hard to be an effective teacher (average 5.9 out of 7) and they will put effort
into their teaching (average 6.0).

In terms of PD aspirations, the distribution was slightly shifted towards the lower extreme of
the scale, with 14 teachers scoring "Moderately" or higher and 2 teachers scoring below "Mod-
erately" (shown in Figure 8-14(c)). Of those 14 instructors, 7 scored between 5-6, 5 instructors
scored between 6-7 and 2 instructors scored the highest, 7 ("Extremely"). Interestingly, teachers
score high in their motivation to continue learning how to improve their teaching skills (aver-
age 6.0 out of 7 in Figure 8-14(d)), however they score lower on their motivation to undertake
further professional development (average 5.3) or learn about current educational developments
(average 5.5). This again might be a factor of the population in the current study, namely
tenure faculty and their priorities and time restrictions when it comes to teaching.

8.4.2 Statistical Analysis of the Pre-Questionnaire

In this section, I will focus again on the data from the pre-questionnaire of the study (16
participants). I will first describe correlations between various variables measured in the pre-
questionnaire. Then, I will compare the data based on the roles of the instructors (teaching
faculty versus other instructors) as well as the level of immediacy of the teachers (medium versus
high immediacy).

Correlation Matrices of Pre-Questionnaire Variables
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Disagree [Intrinsic] Because | derive much  [Identified] Because | see my teaching ~ [External] Because my employment [Introjected] Because a good [Amotivation] | don’t know, sometimes
pleasure from teaching asa significant contribution to my contract demands me toteach  performance in teaching contributes | don't see the actual purpose of
students’ overall academic success largely to my self-esteem as a professor teaching

(c) Weighted averages of the motivation questions.

Figure 8-12: Score distributions of teacher motivation in the pre-questionnaire

In this section, I calculated the correlation matrix of the main variables measured in the pre-
questionnaire including teachers’:

1. confidence ( Confid )
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Motivation 2
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Score

(a) Distribution of teacher planned effort, persistence and
professional development aspirations.

Averages of Effort and Aspirations

Extremely 7

5.94
560 5.74
Moderately 5
4
slightly 3
2
1

Not at all

PD Aspirations Planned Effort Overall Motivation 2

(b) Average of teacher planned effort, persistence and professional development
aspirations.

Figure 8-13: Information on teachers’ planned effort, persistence and professional development
aspirations.

NS o N

*

9.
10.

value and beliefs ( Val)

general self-efficacy for teaching ( SE )

self-efficacy for immediacy and nonverbal behaviors ( SENVB )
self-reported nonverbal behaviors ( NB)

intrinsic motivation ( Intrin )

introjected motivation ( Introj )

external regulation ( Ext )

amotivation ( Amotiv )

efforts and aspirations ( EffAsp ).

In Figure 8-15(a) I used the Pearson correlation to visualize the direction, strength and sig-
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Motivation 2 - Planned Effort
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Score How hard will you strive to be an effective teacher? How much effort will you put into your teaching?
(a) Distribution of Planned Effort. (b) Planned Effort weighted average per question.

Motivation 2 - Asp|rat|on “To what extent are you motivated to ....”
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(c) Distribution of PD Aspirations. (d) PD Aspirations weighted average per question.

Figure 8-14: Information on teachers’ planned effort, persistence and professional development
aspirations.

nificance of the correlations between the variables in the pre-questionnaire. In this figure, the
direction of the correlations is expressed by color, with orange denoting a positive correlation,
blue denoting a negative correlation and white denoting no association. The strength of the
correlation is indicated by the intensity of the color; the darker the color, the stronger the cor-
relation, the lighter the color, the weaker the correlation. The significance of the correlation
is represented by the cross " X " value in each box; if the correlation is statistically significant,
then the box contains no X, while the existence of the X represents no statistical significance.
The significance of the correlation was calculated using the t-statistics formula.

As shown in Figure 8-15(a), the predominantly orange color shows that there exist positive
correlations among the different variables, with the exception of external regulation being neg-
atively correlated with all the variables and amotivation fluctuating between being positively
and negatively correlated with various variables. For example, SE and SENVB are positively
correlated with each other as well as most of the other variables including Confid , Val, NB,
Intrinsic, EffAsp and negatively correlated with Ext . In addition, regardless of the di-
rection, the strength of the color in the different boxes shows which variables are strongly and
weakly correlated (Figure 8-15(a). Examples of strongly correlated variables include SE and
SENVB with Val, SE and SENVB, SENVB and NB, SE and Ext, etc. Lastly, a lack of " X "
markings show significant correlations. With a few exceptions, it seems that many variables in
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the pre-questionnaire are significantly correlated.

20 4.0

8
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35 45

3 5
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Amotiv- X
Ext- X
Introj- X X X
Intrin- X X
NB- X X X X
SENVB- X X X
SE- X X X
Confid- X X X X
val- X X X X X

(a) Correlation matrix of the main variables for the Fall pre-questionnaire
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(b) An extended and more detailed version of the above matrix.

Figure 8-15: Correlations Matrices of the pre-questionnaire data.
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In Figure 8-15(b) I share a more detailed view of the correlation matrix including (1) scatter
plots for each pairwise correlation, (2) the strength of the correlation (r ) together with the
direction (positive + or negative - ) as well as (3) the p-value for the significance (the number
below the strength value, in square brackets [ ] accompanied by a #** if the correlation is
significant represents the p-value). In the analysis below, I consider a strong correlation r>0.7 ,
a moderate correlation 0.5<r<0.7 and a weak correlation r<0.5 .

Taking a more detailed look at the observations I shared above, SE and SENVB have a strong
and positive correlation which is also statistically significant ( r=0.76, p=7e-04** ). Similarly
SE and Intrin have a strong and significant correlation ( r=0.70, p=0.0023%* ). EffAsp as
well as Ext are moderately correlated with SE ( r=0.62, p=0.0102%* and r=-0.66, p=0.0055%x*
respectively). Based on these results, teachers’ general self-efficacy seems to be strongly and
significantly correlated with a range of variables including motivation and self-efficacy for im-

mediacy and nonverbal behaviors. Namely, a higher SE translates to higher motivation or
self-efficacy in relation to immediacy and nonverbal behaviors.

Taking a look at SENVB , there is a strong and significant correlation with NB ( r=0.76, p=6e-04*x ).
This shows that teachers’ self-efficacy in terms of their immediacy and nonverbal behaviors
is strongly correlated with how they self-assess their use of such behaviors in the classroom.
In addition, there is a moderate correlation of SENVB with Intrin (r=0.56, p=0.0237%* )

and Ext (r=-0.60, p=0.0146%* ). Along the same lines, NB has moderate correlations with
Intrin (r=0.53, p=0.035*x ). The correlations of NB with the other motivational constructs

and EffAsp are weak and not significant.

Looking at the motivation constructs more closely, Intrin and Ext are moderately correlated
(r=-0.56, p=0.0244*x ), Intrin and EffAsp also moderately correlated ( r=0.52, p=0.0378%* ),

and lastly Ext and EffAsp moderately correlated as well (r=-0.64, p=0.0074%* ).

In terms of the value that instructors found in immediacy and nonverbal behaviors, Val is
strongly correlated with SE ( r=0.71, p=0.002#%* ), SENVB (r=0.72, p=0.0016%* ). There is

amoderate correlation with EffAsp (r=0.68, p=0.0039%* ) and Intrin (r=0.56, p=0.0234%* ).
Based on these results, the more value instructors see in immediacy and nonverbal behaviors,
the more they think they can do well, engage and are motivated to improve on those behaviors.

Not surprisingly, Confid is also moderately correlated with SE and SENVB ( r=0.51, p=0.0422%*
and r=0.64, p=0.0078%* respectively), as well as with NB r=0.62, p=0.0102*%* and Ext
(1r=-0.56, p=0.0246%* ).

Up to this point, I have provided the strength, directions and significance of each of the corre-
lations. This shows the general direction of the results and findings, and in this section I will

attempt to correct for the multiple comparisons using the Bonferroni Correction method. To
determine significance in this analysis I used a p-value of p<0.05. Provided I did 36 compar-

isons, based on Bonferroni, the new p-value for significance should be p<0.00139=(0.05/36) .
Bonferroni is very conservative and many of the previously described significant correlations will
loose their significance in face of the new, corrected p-value value. Despite that, the following
pairs are still almost significant or significant after the Bonferroni adjustment:

e Almost significant after Bonferroni: SE and Val, SENVB and Val, SE and Intrin
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e Still significant after Bonferroni: SE and SENVB, SENVB and NB

These results show and emphasize the importance of constructs such as self-efficacy ( SE and
SENVB ) and self-perceived nonverbal behaviors ( NB ), intrinsic motivation ( Intrin ) as well as
the value teachers find in these constructs ( Val ). In particular, the correlations show the con-
nection between these more general teaching constructs ( SE and motivation constructs Intrin ,
Ext , EffAsp) to the specific constructs relative to this study that measure various aspects

of teachers’ immediacy and nonverbal behaviors ( Val, Confid, SENVB, NB). As described
in Chapter 6, expectancy and value constructs have an effect on learning and performance, by
affecting motivation, which then directly leads to goal-directed behaviors that support learning
and performance and ultimately lead to behavior change. Thus, the correlations and significant
findings in this section show promise towards a path that leads to behavior change for teachers’
practices in the classroom.

I must also mention that in this study, some of the questionnaires such as the confidence and
motivational constructs questionnaires were single questions which lead to discrete values in
teachers’ answers. Despite that, as described in this section, there are some strong correlations
among different variables, which in the majority of the cases are statistically significant. To note
is that the Introjected and Amotivation constructs were weakly and non-significantly correlated
with the other variables. For this reason, I will remove those two constructs for the following
analysis.

Bucketing Instructors By Role

I was interested to investigate if there were any differences between the teaching faculty and
other faculty who took part in the current study. For this reason, I bucketed instructors in
two two categories as shown in Table 8.3, those who were teaching faculty (4 instructors) and
those who were not (12 instructors). Each of the rows in the table represents the values of the
variables listed on the left. In addition, for each variable, the table shows the average value
together with the 95% confidence interval shown in parenthesis ( ) .

To begin with, I must note that teaching faculty were in the minority in this bucketing, a third
in numbers compared to the other faculty. Despite the smaller number, teaching faculty con-
sistently scored higher on averages compared to other faculty, with the exception of external
regulation, where the other faculty scored higher. These results hint in the direction that teach-
ing faculty score higher than other faculty in variables such as value and confidence in immediacy
and nonverbal behaviors, as well as their efficacy and intrinsic motivational constructs.

In Figure 8-16 I share the box plots of the two populations. Note that both external regulation
and efforts and aspirations are two distinct populations. In addition, intrinsic motivation,
with the exception of the outliers, also shows two distinct populations that are not overlapping.
Lastly, confidence and general self-efficacy show a little overlap but overall the populations seem
quite distinct from. These findings again hint in the direction of teaching faculty having higher
confidence, self-efficacy, intrinsic motivation and efficacy and aspirations and lower extrinsic
motivation compared to other faculty. This is understandable as for teaching faculty, unlike for
other faculty, teaching is the primary focus of their job.

Bucketing Instructors By General Self-Efficacy

Another aspect of the data I was interested in investigating was differences between teachers in
high self-efficacy versus those in medium self-efficacy. In the correlations described above, SE
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Table 8.3: Bucketing Instructors By Role

Teaching Faculty | Others
Count 4 12
Value 5.58 (3.58 7.59) 5.28 (4.84 5.72)
Confidence 3.5 (2.58 4.42) 3 (2.46 3.54)
SE 6.98 (5.36 8.6) 6.27 (5.67 6.87)
SE for NVB 6 (3.75 8.25) 5.88 (4.84 6.91)
NB 85.75 (71.79 99.71) | 84.75 (81.02 88.48)
Intrinsic Motivation 4.75 (3.95 5.55) 4.25 (3.88 4.62)
External Regulation 1.5 (0.58 2.42) 3.08 (2.09 4.08)
Effort and Aspirations | 6.5 (5.44 7.56) 5.48 (5.06 5.91)

Fall By Role Pre

val Confid SE SENVB
7 5- . 8
6 — ] - : 7
° 3 (I
1 | 2- e 5- . - :
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g NB Intrin Ext EffAsp
R | " i *
9- 4-
45- 6-
- 3 |
4 4.0- . 5-
80 2
1 35 L ' 1 “ ' 4 - '
NB Intrin Ext EffAsp
variable

Role ‘ Teaching Faculty ‘ Others
Figure 8-16: Box plots of two populations: teaching faculty and other faculty.

seemed to be strongly and significantly correlated with most of the other variables. Literature
also strongly support SE as an important construct for motivation, goal-setting and behavior
change, as described in Chapter 6 of this thesis. These reasons led me to conduct the current
analysis. As described previously, I split the 1-9 SE scale, from "Not at all" to "A great deal"
into three buckets low [1, 3.66], mid [3.67, 6.33] and high [6.34, 9] SE and the participants fell
into the mid and high buckets (8 instructors in each). SE is uniformly distributed which makes
it a good variable for bucketing as I do in this analysis. In Table 8.4 I share how on average the
instructors in each of those buckets performed in relation to the various variables. In addition,
I include in the table the difference of the means, together with the 95% confidence interval
(shown in parenthesis ( ) ).

The high-SE group consistently scores higher compared to the mid-SE group, with the exception
of external regulation where the medium SE group scores higher. Overall, the high-SE group
scores better in terms of their confidence, self-efficacy for immediacy and nonverbal behaviors,
as well as their intrinsic motivation and their efforts and aspirations. Along the same lines, this
group performs lower in external regulation. This result is consistent with the prior findings in
the correlation matrices section. In Figure 8-17 I share the box plots of the two populations,
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Table 8.4: Bucketing Instructors By General Self-Efficacy

Medium SE [3.67-6.33] | High SE [6.34-9]
Count 8 8
Value 473 (4.26 5.2) 5.98 (5.55 6.41)
Confidence 2.75 (2.16 3.34) 3.5 (2.87 4.13)
SE 5.58 (5.22 5.95) 7.31 (6.96 7.65)
SE for NVB 4.71 (4.16 5.25) 7.11 (6.14 8.08)
NB 82.38 (78.58 86.17) 87.62 (31.65 93.6)
Intrinsic Motivation 4 (3.55 4.45) 4.75 (4.43 5.07)
External Regulation 3.75 (2.78 4.72) 1.62 (0.74 2.51)
Effort and Aspirations | 5.25 (4.65 5.85) 6.22 (5.78 6.67)

mid-SE and high-SE. All the box plots and the populations of mid-SE and high-SE are distinct
from each other and non-overlapping. These findings again support the prior findings that a
high SE translates into a higher score on all the other variables.

These results again show the importance of the SE construct and how the two groups split
based on SE only (high- and mid-SE) are scoring in terms of the variables of interest. Iterating
on the argument from Chapter 6, self-efficacy is an important construct that affect motivation,
goal-setting and ultimately leads to behavior change.

Fall By SE Pre
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variable
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Figure 8-17: Box plots of two populations: medium SE and high SE.

8.4.3 Statistical Analysis of Pre vs Post-Questionnaires

In this section, I will analyze, investigate and discuss changes from the pre to the post-questionniare.
Note that only 15 out of the 16 participants who took the pre-questionnaire also took the post-
questionnaire. One participant took the pre-questionnaire and interview, and started the post-
questionnaire, but only completed a handful of questions. As a result, the analysis of the post
and pre to post data in this section are based on the 15 participants who completed all the
stages of the study.

In the Table 8.5 I show per participant, the stages they completed and they did not complete,
as well as the condition they were randomly assigned to. In the post-questionnaire, there were 7
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Table 8.5: Participant completion of experiment stages as well as condition in the study.

Participant| Condition Pre-Q? | Interview?| Post-Q?

ID

63 Social Comparison Yes Yes Yes

21 Social Comparison Yes Yes Yes

88 Social Comparison Yes Yes Yes

89 Social Comparison Yes Yes Yes

11 Social Comparison Yes Yes Yes

19 Social Comparison Yes Yes Yes

92 Social Comparison Yes Yes Yes

24 Social Comparison Yes Yes Yes

40 Verbal Persuasion Yes Yes Yes

75 Verbal Persuasion Yes Yes Yes

15 Verbal Persuasion Yes Yes Yes

43 Verbal Persuasion Yes Yes Yes

35 Verbal Persuasion Yes Yes Yes

20 Verbal Persuasion Yes Yes Yes

56 Verbal Persuasion Yes Yes Yes

14 Verbal Persuasion Yes Yes Only a
handful of
questions

participants from the verbal persuasion condition and 8 participants from the social comparison
condition.

Overall Pre vs Post Data Analysis

In Table 8.6 I share the mean score per variable in the pre and post-questionnaires. The scores
are over the 15 participants who completed both questionnaires (the one participant who only
completed the pre-questionnaire and the interview in the study but did not complete the post-
questionnaire is not included in this analysis). Another way of showing the mean scores per
variable from pre to post is shown in a bar chart visualization in Figure 8-18(b). Table 8.6 also
shares the statistical significance of the difference between pre and post as well as the significance
after a Bonferroni adjustment (for 8 comparisons).

There is no statistical difference between the various variable means in pre and post, with the
exception of SENVB ( p=0.009%* ), which after a Bonferroni adjustment (for 8 comparisons) is
almost significant. Similarly, looking at the box plots (Figure 8-18(a)) the populations of pre
and post are quite overlapping with not much distinction between them. These results make
sense as constructs such as SE and Motivation are too large and broad constructs related to
general teaching thus hard to change significantly through a single study, which was not focused
on general teaching rather on a sub-aspect of it, namely immediacy and nonverbal behaviors.
By the same argument, the construct of SENVB, which is related directly to the study, increased
significantly (and almost significantly after a Bonferroni adjustment) from pre to post. This is
important as it hints in the direction that showing teachers PD together with their own data in
relation to immediacy and nonverbal behaviors could help increase instructors’ self-efficacy in
relation to those behaviors.
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Table 8.6: Pre vs Post changes in all the variables

Pre Post Difference Bonferroni:

p<0.00625

Value 5.45 5.51 0.07 [p=0.742] —

Confidence 3.07 34 0.33 [p=0.055] -

SE 6.5 6.49 20.01 [p—0.942] -

SE for NVB 5.97 6.7 0.73 [p=0.009**| | almost sig-
nificant

NB 84.87 83.47 1.4 [p—0.294] -

Intrinsic Mo- | 4.4 4.27 -0.13 [p=0.217| -

tivation

External Reg- | 2.73 2.93 0.2 [p=0.531] -

ulation

Effort and As- | 5.75 5.73 20.01 [p—0.922] -

pirations

In addition, there is a slight decrease in NB. Even though not significant, an explanation for this
could be that instructors saw through their data in the study that they were not doing well in
terms of their proxemics and oculesics. As a result, their self-perception of how much they use
those behaviors also changed. Surprisingly, the value teachers see in immediacy and nonverbal
behaviors did not change from pre to post, which could mean that the study materials (PD and
data) need to do a better job at conveying and convincing the teachers of the value of such
constructs.

Pre vs Post Data Analysis Per Condition

In addition, I analyzed if the two conditions in the study, social comparison and verbal persua-
sion, had an effect on changing teachers’ scores on various variables.

The box plots of pre and post for both conditions (Figure 8-19(a)) show that the populations
are quite overlapping and non-distinct. Looking at the bar chart comparisons (Figure 8-19(b)),
there are some interesting trends to be noted per condition. For example, confidence and self-
efficacy for nonverbal behaviors have an increase from pre to post for both conditions. Similarly,
the self-reported nonverbal behaviors (NB) and the intrinsic motivation have a slight decrease
from pre to post per condition. Finally, the difference from pre to post across the two conditions
(Figure 8-19(c)) showed that the populations are not distinct and are overlapping.

There might be a few reasons for these findings. First, the small sample size per condition (7 and
8 participants in each condition) is a big factor where even one outlier can skew the direction
of the whole sample in one way or another. Second, teachers saw PD and data only once
which might not be as effective as receiving this kind of PD many times, over multiple weeks.
Lastly, there could be a need to iterate on and strengthen the study materials to make them
more motivating for the instructors and to, in particular, strengthen the intervention per each
condition while differentiating it as much as possible from the other condition. For example, in
the social comparison group, I could remove the paragraph of text which provides some level of
"verbal" encouragement, in order to make the conditions further different from each other.

Pre vs Post Data Analysis Per SE Bucketing

Lastly, I analyzed changes pre to post in the mid-SE and high-SE groups. As a reminder, for
SE, I split the 1-9 scale, from "Not at all" to "A great deal" into three buckets low [1,3.66],
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(b) Bar charts of the pre and post scores.

Figure 8-18: Pre and Post comparisons per variable

mid [3.67, 6.33] and high [6.34, 9]. The participants based on their pre-questionnaire score fell
into the mid and high buckets, respectively 8 teachers in the mid-SE and 8 teachers in high-SE
bucket.

For the mid-SE group, there were 8 participants in the pre-questionnaire however 1 participant
did not complete the post-questionnaire. As a result, the following analyses are based only on
the 7 participants who completed both pre and post. Overall, the 7 participants in the mid-SE
group increased their mean scores from pre to post, with the exception of the self-reported
nonverbal behaviors (NB) and external regulation, which had a slight decrease (Table 8.7). The
changes of the mid-SE group from pre to post can also be seen visually in the bar charts in
Figure 8-20(b). Looking at the box plots of the mid-SE group from pre to post in Figure 8-20(a),
in addition to SE for NVB, the box plots for confidence, SE, external regulation and effort and
aspirations are also distinct and non-overlapping populations.

Regarding the high-SE group, the 8 participants had both increases and decreases in their scores
from pre to post. Those changes overall were smaller than the changes of the mid-SE group, as
also seen in Figure 8-20(b). Looking at the box plots of the high-SE group from pre to post in
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Table 8.7: Comparing changes pre to post for the mid-SE group

Pre Post
Count 7 7
Value 183 (4.36 5.31) 5.19 (4.75 5.63)
Confidence 2.57 (2.08 3.07) 3 (2.47 3.53)
SE 5.59 (5.15 6.02) 5.87 (5.29 6.45)
SE for NVB 4.67 (4.03 5.31) 6.1 (5.21 6.98)
NB 8171 (77.50 85.84) | 81.29 (74.15 88.42)
Intrinsic Motivation 4 (3.47 4.53) 4 (3.54 4.46)
External Regulation 4 (3.08 4.92) 3.71 (2.44 4.99)
Effort and Aspirations | 5.2 (4.49 5.91) 5.37 (4.74 6)

Table 8.8: Comparing changes pre to post for the high-SE group

Pre Post
Count 8 8
Value 5.98 (5.55 6.41) 5.79 (5.17 6.41)
Confidence 3.5 (2.87 4.13) 3.75 (3.16 4.34)
SE 7.31 (6.96 7.65) 7.04 (6.61 7.46)
SE for NVB 7.11 (6.14 8.08) 7.23 (5.98 8.48)
NB 87.62 (81.65 93.6) 85.38 (76.96 93.79)
Intrinsic Motivation 4.75 (4.43 5.07) 4.5 (4.11 4.89)
External Regulation 1.62 (0.74 2.51) 2.25 (1.28 3.22)
Effort and Aspirations | 6.22 (5.78 6.67) 6.05 (5.56 6.54)

Figure 8-20(a) only SE for NVB shows relatively distinct and non-overlapping populations.

A more detailed view of the changes from pre to post compared against the mid-SE and high-SE
groups is shown in Table 8.9. From the difference, it can be seen that the mid-SE group changed
more from pre to post, than the high-SE group.

8.4.4 General Analysis of the Post-Questionnaire

In this section, I will cover a more general discussion and analysis of the teachers’ performance
in the post-questionnaires. For a more detailed discussion on changes pre to post per condition
or per SE bucketing, please see the previous section on Analysis and Discussion of Pre vs
Post Questionnaires.

Table 8.9: Comparing changes pre to post for the mid-SE vs the high-SE group

Mid-SE High-SE
changes changes
Count 7 8
Value 0.36 -0.19
Confidence 0.43 0.25
SE 0.28 -0.27
SE for NVB 1.43 0.12
NB -0.43 -2.25
Intrinsic Motivation 0 -0.25
External Regulation -0.29 0.62
Effort and Aspirations | 0.17 -0.18
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Figure 8-20: Comparing across the mid and high SE groups.

Teachers’ learning from the PD materials and data presented in the dashboard

Before starting the analysis of this part, I would like to mention that the post-questionnaire
question measuring self-reported learning from the dashboard module, due to a typo, was missing
score "6" on a scale from 0-10 (thus the scale jumped from "5" to "7"). Despite that, the
following analysis is done with the full scale.

Overall, teachers self-perceived they learned from taking part in this study where they were
able to see PD materials in relation to immediacy and nonverbal behaviors as well as see their
own proxemics nonverbal behavior data in the classroom. As shown in Figure 8-21(a), overall
teachers said they learned on average 6.93 (on a scale 0-10), with the average learning from
seeing the dashboard and their own data (7.53) being much higher than the average learning
from PD (6.33). This difference suggests that teachers find both PD and data helpful to increase
their knowledge and learning, but they self-perceive they learn much more from seeing their own
data and the dashboard module. These results are consistent with the Chapter 7 ones where
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Table 8.10: Comparing changes in learning across conditions.

Verbal Social
Count 7 8
Overall Learning 6 (4.4 7.6) 7.75 (6.39 9.11)
Learning from PD 5.71 (4.14 7.29) 6.88 (5.3 8.45)
Learning from Dashboard 6.29 (4.46 8.11) 8.62 (7.22 10.03)

teachers self-perceived they learned more from seeing the dashboard and the data compared
to when they saw the PD. However, for the Fall study, the overall average learning as well as
learning from seeing their own data is higher than the respective averages from the Chapter 7
study (average 6.9 on learning from data and 6.6 on overall learning). This could be explained
with the fact that the majority of the participants in the Chapter 7 study were teaching faculty
who had more and broader experience with various professional development and training in
relation to teaching. On the other hand over the fall, most of the participants were tenure
faculty, who had fewer such experiences, thus overall learning more from this study.

In the same Figure, in terms of conditions the social comparison group scores much higher on
average than the verbal persuasion group. In particular, the social comparison group scores
quite high (average 8.63) in terms of learning from seeing their own data and the dashboard.
They score slightly lower on learning from PD, however those averages are higher than what the
verbal persuasion group scores on. In Table 8.10 I compare the differences between conditions
on the overall learning, as well as learning from the PD module and learning from the dashboard
module.

Taking a look at the box plots of the verbal persuasion and social comparison conditions in
Figure 8-22, the box plots for learning from the dashboard (title: LearnDash) are distinct
and non-overlapping. Similarly, the box plots for overall learning (title: Learn) are almost
non-overlapping. This shows that the social comparison group perceived they learned more
in the study, in particular in relation to seeing their data and the dashboard. These higher
results for the social comparison group hint in the direction that seeing their own data perform
better compared to other instructors helps instructors report learning more both from the study
overall and the data specifically. Similarly, receiving a paragraph of text with persuasive and
encouraging words (in the verbal persuasion condition) does not seem to help increase teachers’
self-reported learning.

Taking a look at the distribution of teachers” answers (Figure 8-21(b)), only some of the teachers
(4 out of 15) replied with a score of 8 or above to learning from the PD module, while the
majority of them (10 out of 15) replied with a score of 8 or above to learning from the data and
dashboard module. In fact, 1 instructor self reported that from the PD module in the study
they " Learned more than in any other professional development" and 3 instructors self-reported
that from seeing their own data in the Dashboard module " Learned more than in any other of
my own teaching related data". Again, the higher self-reported learning score on the data and
dashboard shows that teachers self-perceive they learned much more form the data than the
PD on its own. This hints in the direction that seeing data on their performance is absolutely
necessary for teachers, and PD is a nice addition, but not what drives their self-perceived
learning.

Along the same line of reasoning, the teachers who scored slightly lower on their self-perceived
learning of PD, maybe had other PD or training in their lifetime, not related to immediacy and
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nonverbal behaviors, that was very useful to them. That does not mean they did not learn from
the PD in this study, rather their learning compared to their prior experience was one way or
another. Similarly, maybe they received other data, even from the Eberly center for example,
that they learned more than the subset of their nonverbal behavior data shown in this study.
Again, that does not mean they did not learn from their own data, but that their self-perceived
learning was respective to their prior experience on this matter. In summary, based on the
results in this section, it seems that teachers self-report high levels of learning both from the
PD module as well as the data and dashboard they saw in ClassInSight.

Learning Averages
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(a) Self-reported learning averages overall and per condition.
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(b) Distribution of participants’ answers to the self-reported learning prompt.
Figure 8-21: Self-reported learning in the post-questionnaire.

Teachers’ attitudes from the PD materials and data presented in the dashboard

In this section I will analyze teachers’ attitudes in various dimensions. Note that the attitude
questionnaire, with the exception of the likelihood questions, had two subscales per question
ranging from negative to positive and vice versa. For the analysis, I reversed them so that all sub-
scales worked from negative to positive including Good/Bad, Valuable/Worthless, Fair/Unfair,
Likely/Unlikely, etc. The likelihood questions on a scale from 1-7 for this analysis will represents
from Unlikely (1) to Likely (7).

In Figure 8-23 I calculate the average attitudes for each of the questions in the attitude ques-
tionnaire. I also present an overall average across all the attitude questions. Overall, teachers
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Figure 8-22: Box plots of learning and attitudes per condition.

scored quite high in relation to their attitudes (average of 5.85 out of 7.00). Even though slightly
less than the Chapter 7 average, this average shows that instructors in this study have positive
attitudes towards the PD module and data they saw in this study. In addition, teachers scored
the highest in their attitude about their oculesics (gaze) nonverbal behavior data (average 6.13)
followed by their attitude about their proxemics (location) data (average 5.90). Again, this
shows that teachers have a generally more positive attitude towards eye contact related data
than to location related data. This might be because for location, the restrictions of the physical
classrooms can pose challenges for them to use their proxemics effectively. Lastly, teachers have
a higher average attitude about the dashboard module (average 5.87) compared to their atti-
tude about the PD module (average 5.63). As seen in the self-reported learning section as well,
teachers have a more positive attitude towards seeing their data, and prefer that over seeing the
PD materials.

Teachers score quite high in their likelihood to engage in the behaviors recommended in the
PD (average 6.07), showing that the PD module in the study incentivized teachers to attempt
and engage in the recommended behaviors. Their likelihood to enroll in another PD module of
related content, provided they had the choice and their schedule permitted it, was much lower
(average 5.40). This might be explained by the fact that the majority of the instructors in this
sample were tenure faculty, and they do not necessarily have the time or the priority for teaching
and professional development in relation to teaching.

In relation to the two conditions in the study, overall, on average the social comparison condition
scores much higher than the verbal persuasion condition (averages of 6.19 and 5.47 respectively).
In addition, in all the questions in this questionnaire, the social comparison group scores higher
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Table 8.11: Comparing changes in attitudes across conditions.

Verbal

Social

Count

7

8

Overall Attitude

5.47 (4.83°6.12)

6.19 (5.68 6.69)

Attitude about PD

5.29 (4.22 6.35)

5.94 (5.06 6.82)

Attitude about Dashboard

5.5 (4.74 6.26)

6.19 (5.8 6.57)

Attitude about Location

5.43 (4.53 6.33)

Attitude about Gaze

5.93 (5.25 6.61)

6.31 (5.77 6.86)

Likelihood to engage in be-
haviors

(
5.86 (5.03 6.69)

(
(
(
6.31 (5.87 6.76)
(
(

6.25 (5.09 7.41)

Likelihood to enroll in an-
other PD

457 (245 6.7)

6.12 (5.3 6.95)

Overall Likelihood

5.21 (3.83 6.6)

6.19 (5.38 6.99)

than the verbal persuasion group. This difference is the highest in the teachers’ likelihood of
enrolling in another PD of related content (average for social group is 6.13 while for the verbal
group is 4.57). This could mean that seeing their data perform better when compared against
other instructors (the social comparison group) provides a more positive attitude for instructors
overall than seeing only a paragraph of motivating text as feedback (verbal persuasion group).
In particular, it makes them more likely to enroll in PD of similar content.

In Table 8.11 I compared the averages per condition. Looking at the box plots of those two
populations in relation to attitude in Figure 8-22 the overall attitude (title: Attitude) shows
two distinct and non overlapping populations. Similarly, the attitudes towards the dashboard
and the location data (titles: AttitudeDash and AttitudeLoc) are also non overlapping and
distinct. Lastly, the likelihood box plots, both the individual and the average one, are slightly
overlapping. To note is that provided the small sample size in those comparisons, outliers have
a strong effect in pulling the population one way or another.

In summary, overall teachers had high and positive attitudes in relation to the dashboard and
PD modules. Similarly, they had positive attitudes towards gaze data as well as location data.
In terms of likelihood, they scored quite high in their likelihood to attempt and engage in the
suggested behaviors, which is positive and a proxie for behavior change. Overall, the social
comparison scored consistently higher than the verbal persuasion group. The populations are
quite distinct and non-overlapping in many cases, as described above.

Confidence in immediacy and nonverbal behaviors

In the post questionnaire, almost all the teachers (14 out of 15) assessed their confidence in their
immediacy and nonverbal behaviors distributed between "Moderately Confident" (8 teachers),
"Very Confident" (5 teachers) and "Extremely Confident" (1 teacher), while only 1 teacher as-
sessed it as "Slightly confident" (Figure 8-24(a)). The weighted average of teachers’ self-reported
confidence in the post-questionnaire was 3.40 which, even though lower than the Chapter 7
weighted average (3.71), it is still quite high. Comparing it to the pre-questionnaire in Figure
8-24(a) (only the 15 participants who completed both pre and post shown here), teachers’ confi-
dence has increased from pre to post (with the weighted averages from 3.07 to 3.40 respectively).
Similarly, as it can be seen in Figure 8-24(a), the distribution has shifted towards the "Very"
and "Extremely" confident spectrum of the scale.

In relation to the condition (Figure 8-24(b))), the verbal persuasion group had a slightly higher
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Figure 8-23: Average attitude per question and overall.

average (3.29) in the pre-questionnaire compared to the social comparison group (2.88). How-
ever, in the post-questionnaire, both groups increase their score almost the same, with the verbal
persuasion group reaching an average of 3.57, slightly higher than that of the social comparison
group (average 3.25). Again, those averages are based only on the 15 participants who com-
pleted both questionnaires. These results show that the social comparison group had the highest
increase in confidence in pre-to-post compared to the verbal persuasion group, even though both
groups increased. The higher increase in the social comparison group could indicate that seeing
their data perform better compared to other instructors at CMU increased teachers’ confidence
in their own immediacy skills.

Behavior Change Intentionality

In the post-questionnaire, the majority of teachers (9 out of 15) said that they had specific
immediacy and nonverbal behaviors they wanted to work and improve on, while 1 teacher said
that they had already started trying to change their behavior after the study ID24: "I have
been trying to move around the room more and ask questions from different areas of the room
since this study.” In addition, 3 teachers responded "No" to this question, 1 teacher responded
it depends based external factors, while 1 teacher mentioned that everything could be improved
on.

From the pre-questionnaire, 1 teacher who responded "No" changed their answer to "Already
started trying to change their behavior after the study", while another teacher who said in pre
they would change only if they found immediacy valuable, responded "Yes’ to this question in
the post-questionnaire. Similarly, one teacher who in pre mentioned they did not want to change
any behaviors but were open to improvement, responded with "Yes" in this question and had
specific behaviors they wanted to change. Only one teacher changed their answer from "yes" in
pre to "No" in post. Overall, it seems that the study helped some teachers see and decide on
behaviors they want to change, or find value in immediacy and nonverbal behaviors.

In relation to the behaviors that they were interested in working and improving on, teachers
mention both proxemic and gaze related behaviors. This included: more eye contact with
students (3), moving more (3), engaging the classroom more uniformly (3), in particular with
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Figure 8-24: Teachers’ self-reported confidence.

poses and facial expressions (1), using a clicker to spend less time behind podium (1), stand
closer to students (2), better locate where students sit in class (1), and more generally work on
their location and position in class (2) and gaze (1).

Values and Beliefs around Immediacy and Nonverbal Behaviors

In relation to the value and their beliefs around immediacy and nonverbal behaviors, teachers
still score quite high in the post-questionnaire (average 5.51 out of 7 as shown in Figure 8-25(a)).
The highest score in post is in relation to teachers’ beliefs on gaze and eye contact having a
significant effect on fostering immediacy in the classroom (average 5.87) followed by location
and position having this effect (average 5.73). The value that teachers see in immediacy and
nonverbal behaviors has not change from pre to post, but the average that these behaviors have
an effect on student learning has increased slightly from pre (average 5.11) to post (average
5.24), even though the value is the lowest compared to all the other questions. This emphasizes
that teachers see a value in immediacy and nonverbal behaviors, but they believe their effect on
student learning is not that significant. As shown in Figure 8-25(a), there are slight increases

172



and decreases as well as no changes from pre (15 participants) to post. Overall, there is an
increase in values and beliefs from pre to post.

Taking a look at differences in post per condition (Figure 8-25(b)), overall and in most questions,
the social comparison condition scores higher than the verbal persuasion condition. In terms of
the value of gaze and eye contact on teaching and student learning, the verbal persuasion group

scores the highest.
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Figure 8-25: Values and beliefs around immediacy and nonverbal behaviors.

General and task-specific Self-efficacy

In relation to SE, there was a slight decrease in the average SE score from pre (15 participants)
to post as shown in Figure 8-26(a). This change was not statistically significant as described in
the previous sections. Again, this is understandable as the SE questionnaire was measuring a
larger, more general construct, that of SE in terms of teaching, which would be hard to change
by the current study. On the other hand SE for nonverbal behaviors had a much higher change
from pre (average 5.97) to post (6.70), which is statistically significant (p=0.009**) before a
Bonferroni adjustment, and almost significant after it (for more details, please see Table 8.6 and
the discussion above). This is positive and shows that the study helped increase teachers’ self-
efficacy in relation to their immediacy and nonverbal behaviors specifically. This result is normal
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and understandable provided that self-efficacy as a construct is very task specific [36]. As shown
in Figure 8-26(a), the highest increase was in teachers’ SE in relation to their gaze behaviors,
while their SE in terms of location, even though it increased form pre-to post, it was the lowers
out of all the other SE measures. Lastly, their SE for nonverbal behaviors and immediacy more
in general increase from pre (average of 6.10) to post (average of 6.70). These results overall show
that seeing PD as well as data on their immediacy and nonverbal behaviors did not affect much
teachers’ general SE, but significantly affect the SE for the nonverbal behaviors specifically.

In Figure 8-26(b) I present the differences pre to post per condition (including in pre only the
15 participants who also completed the post). As described in the above sections, the social
comparison condition scores consistently lower than the verbal persuasion condition in the post-
questionnaire. That might also be an effect of the social comparison group having a lower pre-
questionnaire score, even though the conditions were randomly assigned to participants, and
the comparison of the verbal and social pre scores in section Pre vs Post Data Analysis Per
Condition above showed no statistical changes. Additionally, the social comparison condition
had the highest increase from pre to post in terms of SE for NVB. The results hint in the direction
that the social comparison intervention had the highest effect on increasing instructors’ SE for
NVB in relation to their teaching from pre to post. This is consistent with prior literature (i.e.,
[35]).

Self-reported nonverbal behaviors

In relation to their self-reported nonverbal behaviors, the overall average in the post-questionnaire
is still high (83.47 in the range 58 - 98) as seen in Figure 7-22(a). There is a decrease from pre
(84.87 over 15 participants) to post (83.47), which is not significant as described above. This
result hints in the direction that seeing their own nonverbal behavior data in the study made
teachers more aware of their performance, thus self-reporting lower and more accurate values
for the nonverbal behaviors they use in the classroom. In relation to the two conditions in the
study, the social comparison condition scores slightly lower than the verbal persuasion condition
in the post-questionnaire, even though both groups had a decrease from pre to post.

Motivation

When asked again in the post-questionnaire what motivates them in doing their best in the
classes they are teaching this semester, instructors shared a variety of responses including stu-
dent learning and improvement (5) and critical reasoning (1) in the course, subject matter and
topics or materials covered in the course (4), sharing the knowledge (2). One instructor men-
tioned student engagement (1) and another instructor mentioned creating an open and friendly
environment for the students (1). Other answers included doing things well and deriving grati-
fication (2), enjoy teaching and students deserve it (2), ability to relate to students (1), become
better at my job (1). To note is that those responses, similar to the pre-questionnaire, were
quite different from the responses found in the Chapter 7 study in that they rarely connected
or referred to constructs related to immediacy and nonverbal behaviors.

In Figure 8-28(a) I share teachers’ average motivation in relation to teaching focusing on the
intrinsic and external constructs. From pre (adjusted average over 15 participants) to post there
have been slight changes to the motivation constructs: a slight decrease in intrinsic motivation,
and a slight increase in external regulation. However, overall those changes are quite small
and not significant, as described in the above sections. This is also supported by the fact that
this motivation questionnaire measured and assessed teachers’ general motivation for teaching,
which would be challenging to change by much due to one study only. Overall, the average

174



Averages for SE and SENVB
Agreat deal 9 mPre (15 participants) m Post
8
7.23
Quite a bit 7 6.70 6.70
6.51 6.49
. 6.20
6.10 6.17 597
N 5.60
Somedegree 5
.
Very little 3
2
Not at all 1
SE SE-NVB: General SE-NVB: Location SE-NVB: Gaze SE-NVB: All questions
(a) Average pre to post for SE and SENVB.
Averages for SE and SENVB
Agreat deal 9 mPreV mPostV mPre-S mPostS
8
7.50
7.00 7.00
Quiteabit 7 675 678 686 664
6.43 6.56 6.50 6.50 6.48 6.44
630 24
6 5.81 575 594
5.52
Somedegree 5 481
.
Very little 3 I
2
Not at all 1
SE SE-NVB: General SE-NVB: Location SE-NVB: Gaze SE-NVB: All questions
(b) Pre to post changes per condition in SE and SENVB.
Figure 8-26: Pre to Post SE and SENVB metrics.
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Figure 8-27: Average pre to post changes, and per condition, for self-reported nonverbal behav-
iors.
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intrinsic motivation is quite high, scoring between "Agree" and "Totally Agree" on the scale,
while external regulation scores lower, between "Undecided" and "Disagree". When looking at
the changes pre (the adjusted averages over 15 participants) to post based on the experiment
condition (Figure 8-28(b)), the social comparison group has a slight decrease in intrinsic moti-
vation in the post-questionnaire while the verbal persuasion group does not change. In relation
to their external regulation, the verbal persuasion group has quite an increase while the social
comparison group has a slight decrease.

Pre-Post Motivation Construct Averages
mPre mPost
Totally Agree 5
4.40
4.27
Agree 4
) 2,93
Undecided 3 273
- | I I
Totally Disagree 1
Intrinsic External
(a) Average motivation pre to post
Pre-Post Motivation Construct Averages
mPreV mPost-V mPreS Post-S

Totally Agree 5

~

4.44
436 229 425
Agree 4
3.00 3.00
Undecided 3 2.88
243
Disagree I
Totally Disagree 1

Intrinsic External

(b) Average motivation per condition
Figure 8-28: Pre to Post motivation.

In terms of their planned effort and professional development aspirations, teachers scored quite
high in the post-questionnaire with an average of 5.73 out of 7, between the "Moderately" and
"Extremely" score on the scale as shown in Figure 7-25(a). In relation to their PD Aspirations
as well as Planned Effort, teachers scored high as well, with an average in the post-questionnaire
of 5.53 and 6.03 respectively. To note is that those values are slightly lower than the Chapter
7 study values, potentially due to the population in this sample being tenure faculty mostly, as
compared to the Chapter 7 study where the majority of the faculty was teaching faculty. Lastly,
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Table 8.12: Task specific motivation questions.
Intrinsic + Identified e Because it is pleasant to carry out this task.
e Because I find this task important for the academic success of
my students.

Introjected e To not feel bad if I don’t do it.

External e Because I'm paid to do it.

Amotivation e [ don’t know, I don’t always see the relevance of carrying out
this task.

the average score teachers received in PD Aspirations was slightly lower than that of Planned
Effort, both in pre and post. This shows that teachers in general are more motivated to work
hard and put a lot of effort in their teaching but their are less motivated in terms of their PD
aspirations such as undertaking further professional development.

From pre to post (considering the adjusted average over the 15 participants who completed both
questionnaires), there is a slight decrease in the overall average and PD Aspirations, and a slight
increase in Planned Effort, even though as discussed above, those differences are not significant.
This might be because these larger motivational constructs are general and not specific to this
study (namely immediacy and nonverbals), and it makes sense that the study intervention did
not majorly affect them.

Looking at the changes pre (for the adjusted pre with 15 participants) to post based on the
experiment conditions (Figure 8-29(b)), overall, the social comparison condition scored slightly
lower in pre and post compared to the verbal persuasion condition. In post overall, there was
a slight increase of the social comparison score and a decrease of the verbal persuasion score.
Looking at the PD Aspirations, there is an increase in the social comparison group and a decrease
in the verbal persuasion group from pre to post. These results are consistent with the Chapter
7 study. On the other hand, in the Planned Effort sub-questionnaire, there is a slight increase
in both groups.

Last but not least, in the post-questionnaire, teachers were also measured on their motivation
for participating in the specific task of engaging with the PD Module and looking at their own
proxemic nonverbal data. As mentioned in the previous chapter, this task-based motivation
questionnaire was adapted from [88] and the distribution of questions per motivation construct
is shown in Table 8.12.

On average, as shown in Figure 8-30(a), teachers scored relatively high on their intrinsic motiva-
tion for this task (4.57 out of 7 close to "Agree"). This is to show that overall the participants in
this study are motivated intrinsically to engage with activities that involve working with PD and
engaging with data as in the current study. Teachers scored very low in terms of external moti-
vation for this task (average 1.67 out of 7, close to "Disagree Very Strongly"), understandably
as there was little to no external motivation for them to take part in this task.

In terms of conditions, the verbal persuasion condition scored much lower than the social com-
parison condition in terms of their intrinsic motivation and external regulation. These results
are different from the Chapter 7 findings, and might show that the verbal persuasion group is
less motivated than the social comparison group in terms of this task-based motivation. Look-
ing at the box plots (Figure 8-30(b)), the verbal persuasion and social comparison groups are
distinct, non-overlapping populations in terms of their intrinsic motivation. This might be an
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Figure 8-29: Pre to Post overall teacher planned effort and professional development aspirations.

effect of the condition, where the paragraph with encouraging text the verbal persuasion group
got was not as motivating as seeing their own data perform better than other instructors (as
the social comparison group did).

Teachers’ Goals for Behavior Change

In the post-questionnaire, teachers were asked about their willingness and readiness to change
their general, proxemic and oculesic behavior in the classroom, after taking part in the study.
In addition, teachers were asked in an open-ended question format if they would like to change
something in their nonverbal behaviors in the classroom. If so, they were asked to list 2-3 ways
and elaborate, and if not, they were asked to elaborate on why. All three of these questions were
meant to be used as proxies for measuring teachers’ behavior change. Namely, they measured
teachers’ intentionality to change which is both the first step in engaging in behavior change
and a really good proxy for measuring behavior change (when behavior change on its own is not
being measured).
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Table 8.13: Comparing differences in task based motivation across conditions.

Verbal Social
Count 7 8
Intrinsic Motivation 4 (3.11 4.89)
External Regulation 1.43 (0.7 2.16)

Task Motivation: Post Averages
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(a) Average task-related motivation.t
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(b) Box plot of task related motivation per condition.

Figure 8-30: Task based motivation

In relation to the willingness to change, teachers scored on average a 4.48 out of 7, which falls
between "Neutral" and "Agree" in the scale (Figure 8-31(a)). This value is quite lower from
the one during the Chapter 7 study (5.38 out of 7 between "Agree" and "Strongly Agree")
and shows that teachers in this population were less willing to change their general and specific
nonverbal behaviors in the classroom. Despite this, it shows that teachers are more on the
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Figure 8-31: Teachers’ willingness and readiness to change measured in the post-questionnaire
as a proxy for behavior change.

positive and agree side of the scale in terms of their willingness to change their behaviors. On
average, teachers were more willing to change after seeing their data in the dashboard (4.80
out of 7, almost "Agree" on the scale) rather than after reading the information on the PD
module (4.13 out of 7, slightly higher than "Neutral" on the scale). This again is different from
the Chapter 7 study, where instructors in that sample found both data and PD equally helpful
and shows how teachers in this sample were particularly compelled, and maybe even convinced,
only after seeing data about their own performance. Looking at teachers’ willingness to change
specific nonverbal behaviors, teachers seem most willing to change their oculesic (gaze, average
4.80) behaviors than their proxemic (location, average 4.20) behaviors, after looking at the
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Table 8.14: Differences of willingness and readiness to change based on condition.

Verbal Social
Count 7 8
Readiness to Change 4.71 (1.89 7.54) 7.04 (5.54 8.54)
Willingness to Change 3.64 ( 2.01 5.28) 5.22 (4.59 5.85)

data. Again those averages are between "Neutral" and "Agree" on the scale, and much lower
than their Chapter 7 counterparts. To summarize, teachers in this study did not disagree with
changing, rather they scored between "Neutral" and "Agree" in their willingness to change.

In terms of their readiness to change (Figure 8-31(b)), on average teachers scored a 5.96 out of
10 which is between "Thinking about it" and "Planning and making a commitment to it" score
on the scale. This value is again lower than the one in Chapter 7 findings (6.64 out of 10) and
shows teachers in this population were less ready to change their behaviors. Despite that, the
results also show that teachers in this sample are past the stage of "Not being ready at all to
change their behaviors" and are "Thinking about it" towards making planning and commitment
to this change. On average, teachers seem equally ready to change their general behaviors as
well as location and gaze specifically, with the location average being slightly lower than the
general and gaze one. In addition, the willingness and readiness to change were strongly and
positively correlated and the p-value shows significance p-value=0%x* .

In Figures 8-32(a) and 8-32(b) I show the average scores per question and overall on the will-
ingness and readiness to change questionnaires, based on the condition the instructors were
assigned to. As a reminder, the conditions were randomly assigned and I ran a paired t-test to
confirm the random assignment (as described in the previous section). The Verbal Persuasion
condition is consistently scoring lower on both willingness and readiness to change, per question
as well as overall, while the social comparison group is consistently scoring much higher. In their
willingness to change, the average for the verbal persuasion group (3.64 out of 7) falls between
the "Disagree" and "Neutral" in the scale. While the average for the social comparison con-
dition (5.22 out of 7) falls under "Agree" and "Agree Strongly" in their willingness to change.
Similarly, looking at the readiness to change chart, the average of the verbal persuasion group
is 4.71 out of 10 and falls closer to the "Thinking about it" in the commitment scale. On the
other hand, the social comparison group again scores much higher, with an average of 7.04 out
of 10, closer to "Planning and making a commitment to it".

Taking a look at the box plots of the readiness and willingness to change per condition (Figure 8-
33(a)), the verbal persuasion and social comparison conditions are quite distinct from each other
and non overlapping. This is positive and together with these discussed results, it shows that
the social comparison condition was more willing and ready than the verbal persuasion group to
change their nonverbal behaviors in the classroom, with respect to general behaviors as well as
location and gaze more specifically. These results hint in the direction that seeing their own data
perform better compared to other instructors, helps instructors have a higher willingness and
readiness to change their general and specific nonverbal behaviors in the classroom. Similarly,
receiving a paragraph of text with persuasive and encouraging words does not seem to help
increase teachers’ willingness and readiness to change.

I also looked at the differences in instructors’ willingness and readiness to change based on the
their pre-questionnaire SE bucketing. As shown in Table 8.15, the medium SE group scores
higher on average than the high SE group both on readiness and willingness to change. Seeing
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Figure 8-32: Teachers’ willingness and readiness to change per condition.

the box plots of those two populations (Figure 8-33(b)) they are not distinct, rather quite
overlapping. A reason for this could be that there are more participants of the social comparison
group that fell in the mid SE bucket (5 social comparison and 2 verbal persuasion) than the high
SE bucket (3 social comparison and 5 verbal persuasion). As a result of this, the medium SE
group might be scoring higher than the high-SE group. An alternative explanation could be that
the medium SE group, provided the lower self-efficacy, is aware of their perceived shortcomings
and is willing and ready to change their behavior in order to perform better and improve on
their skills.

Lastly, I decided to investigate if there were any correlations between teachers’ willingness and
readiness to change and their learning and attitudes in the post-questionnaire. In Figure 8-34(a)
I share a correlation matrix where color represents the direction of the correlation (orange is
positive and blue negative), the strength of the color represents the strength of the correlation,
and the lack of X on each of the boxes represents statistical significance. Looking at this cor-

182



Fall Post Goal By SV

ReadyChange WillChange
10.0- 7- o

value

34

2-

' '
ReadyChange WillChange
variable

SV Group ‘ Verbal ‘ Social
(a) Box plots of readiness and willingness to change per condition.

Fall Post Goal By SE

ReadyChange WillChange
10.0- 7-
6 -
7.5~
5-
[
=
g
5.0- 41
3-
25-
2 -
Readyéhange Wi\ICI'1ange
variable

SE Group B3 MedSE B High SE

(b) Box plots of readiness and willingness to change per SE bucket.

Figure 8-33: Teachers’ willingness and readiness to change box plots.

relation matrix, there are strong and positive correlations between willingness and readiness to
change and teachers’ learning and attitudes. Looking at more details at some values, in Figure
8-34(b) I share for each pairwise comparison the strength of the correlation (r) as well as
the direction ( + for positive and - for negative) and the significance (the number in [ ] ).
First of all, the willingness and readiness to change are very strongly correlated and moreover,
significantly correlated ( r=0.94, p-value=0** ). Willingness and readiness to change are very
strongly correlated with self-perceived learning, and moreover those are significant statistically
(r=0.82, p-value=2e-04** and r=0.78, p-value=62e-04x* respectively. ) Lastly, both
willingness and readiness to change are correlated with teachers’ attitudes, strongly and moder-
ately respectively ( r=0.73, p-value=0.0021** and r=0.67, p-value=0.0065%* respectively. )
It is also worth mentioning that attitudes and learning are positively, strongly and significantly
correlated as well (r=0.79, p-value=4e-04*x ). Doing a Bonferroni adjustment for 6 com-
parisons, the new p-value used for determining significance would be p-value=0.0083 . Even
provided the adjustments, all correlations in this sample remain significant. This means that
a self-perceived learning and a positive attitude towards the PD materials and the dashboard
and data teachers saw in the study were positively, strongly and significantly correlated with
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Table 8.15: Differences of willingness and readiness to change based on SE bucket.

Mid SE High SE
Count 7 (5S - 2V) 8 (3S - 5V)
Readiness to Change 6.19 (4.4 7.98) 5.75 (3.01 8.5)
Willingness to Change 4.64 (3.42 5.87) 4.34 (2.89 5.8)

teachers’ willingness and readiness to change their behaviors in the classroom.

Lastly, the post-questionnaire asked teachers if they wanted to change their nonverbal behaviors
in the classroom (genera, proxemics/location, oculesics/gaze). If so, instructors were asked to
list 2-3 ways they would change and if not they were asked to elaborate on why. Below I
summarize teachers’ answers to this question:

6 out of 15 teachers said that they were going to change something in their behaviors

1 teacher said they already changed some behaviors after the study while 1 teacher ex-
pressed they already do certain behaviors but they made an effort after the study to make
some small changes (ID 92: "I also made a smaller effort to stand and make eye con-
tact with the left side of my classroom, though these were not high priorities and from
my perspective only replicated behaviors I was largely already doing (just somewhat more
exaggerated). "

3 teachers said they were going to change some things but not others: 2 of them said that
the reason they could not make certain changes was due to external constraints (such as
physical constraints on having to use the board or other constraints such as their teaching
load and subsequent prep time) and 1 teacher said that the reason they could not change
some things was due to them not knowing a better approach (for example spend less time
looking at slides and more time looking at students)

2 teachers sad that they were not going to change because they already do such behaviors
and achieve those goals. 1 teacher in particular expressed that student learning data would
motivate them to change, ID 15: "My impression of the data is that I am doing things
as I intend. In other words, no surprises. If I were to see some data that correlates my
classroom behavior with student learning, that would motivate me to change.”

2 teachers gave responses that did not answer the question or were empty.

In terms of what behaviors specifically they wanted to change, teachers mentioned the following
behaviors in relation to their gaze and movement:

look more at students and make more eye contact (3)

look more at specific locations and proportionally spread gaze/attention to all students
(5) and pull questions from different sides of room (1)

prepare more for class to spend less time thinking and looking at slides (1), spend less
time looking at board (1)

move around the classroom more (4) and maximize position and mobility relative to stu-
dents (1)

use a clicker (3) or other wireless technology (1) to not be stuck at computer/podium; get
out from behind the podium and closer to students (2)
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Figure 8-34: Teachers’ willingness and readiness to change box plots.
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e lean forward while teaching (1)

Lastly, teachers also mentioned other behaviors they would try to do that would affect student
engagement, but would not directly involve nonverbal behaviors necessarily.

e use technology (i.e., piazza) to engage students (1), have more discussions (1), or involve
more group work (1)

e configure the room to sit in circle (1) or move students to different clusters from where
they usually sit (1)

e write more on board (1)

Last but not least, there was another subquestionnaire in the post-questionnaire that measures
yet another proxy for behavior change. In the section "Teachers’ attitudes from the PD materials
and data presented in the dashboard" discussed above, within the attitudes subquestionnaire, I
measured teachers’ (1) likelihood of enrolling in another PD of related content as well as their
(2) likelihood of actually attempting to engage in the behaviors recommended in the PD (Figure
8-23). Both those questionnaires while measuring attitudes, serve as proxies for the likelihood
of teachers attempting behavior change. There is more detail in the section above regarding
how teachers scored in the likelihood questions, but as a summary teachers scored high in their
likelihood to attempt and engage in the behaviors recommended in the PD module. This is
positive and shows that teachers see such behaviors as important and valuable to engage in.

To summarize, in this study I measured several proxies that indicate intentionality for behavior
change such as willingness and readiness to change, teachers’ goals (if any) for what they wanted
to change in the classroom as well as their likelihood to engage in certain behaviors or attempt
further PD of similar content. The results showed that teachers overall are willing and ready to
change their behaviors after the study, they set goals on what they want to change in relation
to their oculesics, proxemics as well as other nonverbal behaviors they learned about in the PD
materials. In addition, their likelihood to attempt such behaviors is high.

8.4.5 Analysis of video interviews

There were 16 teachers who took part in these interviews and the following analysis is based on
these 16 data points.

Teachers’ interest around data

Teachers’ data interest was one of the major themes that emerged from the data, which was
either prompted by the interview questions or unprompted and came up as teachers were working
with ClassInSight. Teachers mentioned interest about the data that we showed them, and other
data about themselves or their students, verbal or nonverbal, etc.

Teachers mentioned that they were generally aware of their own behaviors and actively tried to
monitor students’ behavior showing confusion, boredom or students being lost or falling asleep.
However, they mentioned that they still were unaware of certain behaviors of their own or their
students’ behaviors. As one teacher said ID-2/:"I can’t distinguish between bored and like totally
lost. It’s just like a blank stare in either case. I don’t know how to distinguish those two things."
This is particularly true in bigger classes where it is harder for teachers to monitor everything
going on at the same time and where teachers mentioned ClassInSight like data would be very
helpful. As one teacher said ID-20:"Oh my God, can you give me student information? Because
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there’s just a cognitive limit beyond that. Beyond some point you’re, it’s hard to summarize as
accurately. It’s hard to even have that many eyes to realize, so that’s of course very, very, very
strong bias towards that. Right. In terms of expected usefulness.”

To begin with teachers showed interest in their own data. Teachers thought the data the
dashboard shared with them was interesting and useful as it helped them reason and think
about their performance. Specifically, they liked and found useful data in relation to physical
movement, location, and gaze in class (i.e., how much they are looking at students, what is their
breakdown of gaze and location at students on the left, center and right). Further, teachers
expressed interest in knowing how the method of delivery of their lectures (i.e., board vs slides)
would affect their location, gaze and other behaviors in the classroom.

Further, teachers expressed interest in other nonverbal data such as their posture, or more
detailed information on gaze such as gaze to individual students and percentage of time teachers’
back was to the students. Teachers were also interested in information such as gesturing and
moving around the classroom, in particular if that is distracting to students. Facial expression
data was also of interest to teachers including smiling, and if their facial expressions are showing
enthusiasm, astonishment or confusion. Overall, teachers were interested in having information
that showed that they were approachable or immediate, that they were engaging with the
students and that this was effective.

Interestingly, teachers also showed interest in verbal and para language behaviors including were
they going too fast or too slow or were they using filler /unnecessary words. Voice and intonation
was also a very requested data category. One teacher said this is important especially for women
because if the tone is too high is perceived as yelling and that can be undermining, ID-88:"1
think the voice intonation and things like that because, I wonder, particularly for women when
I get excited about something, I will often start to yell, well what I would call yelling. ... And I
particularly as a woman, that can undermine what I'm saying. So, to learn more about that."
Other teachers were interested in data such as audibility from the back of the classroom and
their volume.

Secondly, teachers showed extreme interest in student data. Part of the reason teachers wanted
this data had to do with limited monitoring abilities in class or with not being able to tell just
from student nonverbals if they are engaged. Similarly, teachers want their students to learn
and be successful and they want to have ways to measure that, i.e, through understanding,
engagement, attention and participation in class.

To begin with, attention, engagement and participation was a broad category of data teachers
mentioned they were interested in. In terms of positive measures, teachers were interested in
data that could help them gauge if students were engaged and paying attention, if they were
participating and if they were following the material presented in class. In terms of negative
measures, they were interested in the percentage of time students were inattentive and disen-
gaged, bored, confused or totally lost. Some teachers mentioned they were interested in knowing
when students are using their phones as a way to measure disengagement and not paying at-
tention. A minority of teachers were also interested in other measures that showed whether
students were learning or understanding the material, if they found the class helpful and what
did they take away from the class. Interestingly, some teachers requested direct student feedback
or what their perceptions were about their instructors and their teaching. As one instructor
mentioned ID-75: "... I think it might be good to, yeah. Some way to assess their, like the
customer satisfactions of each lectures.”
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Many teachers also expressed interest in some student nonverbal behaviors as a proxy for mea-
suring student engagement, interest or understanding and following of the material. Teachers
found gaze information particularly helpful including gazing back at the instructor, where are
students looking (down, away or are they sleeping), and the percentage of time they are looking
at the board or slides. Teachers did not find location info on students helpful as students do
not move a lot unless it is important. Other nonverbal behaviors on students teachers were
interested in included gestures and motions, posture, distribution of raised hands, attendance,
and facial expressions.

Another interesting theme that emerged from the interviews was teachers’ interest in data that
went beyond student only or teacher only data. Teachers were particularly interested in the
relationships between student engagement and paying attention with teacher actions, behaviors
and activities in class. For example, teachers wanted to know if being behind the podium, or
their location and distance from students mattered to student engagement. Similarly teachers
were interested in data that showed if teacher gesturing is engaging or distracting, or whether
students are more likely to look at them if they are moving or making eye contact with the
students. Teachers also wanted to know what activities or behaviors they do lead to student
participation and what activity is causing a fall in engagement. Lastly, teachers were interested
in how students react to teachers’ nonverbal behaviors, or to changes in teacher behaviors in
class, both in their perceptions and how it affects them.

A final category teachers were interested in was the reverse correlations (how teachers react to
student behaviors) such as how does students’ equally/uniformly spread out affect where the
teacher is looking or when students are disengaged does the instructor withdraw and become
less engaged with those students.

This action-reaction data was important to instructors to determine which behaviors caused
student engagement or disengagement, which behaviors would have most impact on the stu-
dents, and how would changes in instructor behavior affect student attention and engagement.
This would allow teachers to better set goals for changing their behaviors and improving their
practice. Teachers mentioned they would want information that is actionable with specific rec-
ommendations of what was good or bad for students and what they should be doing more or
less of. They would want to know which of those behaviors they should most care about, which
would be most valuable to teaching an student learning. They also wanted suggestions with
concrete ideas how to balance these behaviors in the classroom based on their subjects, lectures
styles and methods of delivery of the materials. For example, one teacher asked that if they
used slides to present their materials, what should be the goal for their location and movement
or the goal for their distribution of attention to students vs slides.

Some teachers in both conditions also mentioned were interested in comparison data, such as
where they are compared to their peers, especially when in the same field and area and do they
share similar biases with their colleagues. This would be helpful both to assess their performance,
where they are compared to other teachers, but also to determine where their performance should
be and what goals they should be reaching for. On the other hand, few teachers mentioned they
would not find this information helpful because it might not be productive and because whether
they can improve does not depend on other peoples’ performance.

Lastly, very few teachers mentioned not being interested in certain aspects of nonverbal data
because it does not apply to them, or it does not matter. For example, some teachers did not
find location data helpful, as their location is constrained by the teaching method or the room.
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We discuss more about this in the subsection on challenges teachers face in the classroom below.

Teachers’ assessment of their performance

Before seeing their data and after interacting with the ClassInSight PD Module, instructors
had the opportunity to share their perceptions of their nonverbal behaviors in class and how
they think they were doing in relations to those behaviors. Teachers were generally aware
of their performance in terms of their gaze mostly, but also location and other nonverbals in
class. Instructors assessed their performance as generally doing well for the type of lecture and
class that they taught. However, they acknowledged that there was room for improvement in
their behaviors. As one instructor said ID-75:"1 gave myself seven or eight or something like
that. I mean, nobody’s perfect.” In particular, some instructors acknowledged that they did not
think they do well in some aspect of their nonverbal behaviors, primarily in terms of proxemic
locations (i.e., they would spend all the time behind the podium or they would not move a lot).
A minority of instructors were also aware of issues with their gaze, for example their bias towards
certain students or not making eye contact with everyone. As one instructor shared ID-21:"]
think when I did recitation, I definitely spent too much time looking at the board”. Lastly, some
instructors did not know how they were doing and were looking forward to the data. As ID-19
responded to the question of how they would assess their gaze performance, ID-19:"...Um, I
don’t, I can’t remember. ['ve never really been observed with the eyes specifically. So I don’t
know. I’d be curious to know."

The teachers were then shown their data without any feedback first, and then with the effective
teacher model comparison as described in the Methods section above. The following findings
pertain to that part of the interview, before the teachers saw the third data part, which split
them into the two conditions of the study. Almost all teachers found some aspect of their data
not surprising. For example, teachers said their data made sense, they were aware of it and it
was what they were expecting. Some of these teachers have been teaching for a long time in the
classroom and they are aware of their general behaviors, know their teaching style and where
they spend their attention at the high level. Despite their general awareness and experience,
teachers found some aspect of the data very surprising and this brought some new value to them.
For example, many teachers were surprised that their gaze was not equally and proportionally
distributed to all the classroom, but rather they gave more or less gaze attention to one side
of the classroom. Similarly, teachers were surprised by the high percentage of time they looked
at their slides, board or their notes. In terms of location, teachers were surprised they spend
more or less time than needed in one side of the classroom, making them more skewed to one
location.

In their assessment of the data, teachers thought they were doing well in some aspect of the
data, they were in good shape, they were happy about their performance, and they thought
it was not too bad or as bad as they expected it to be. Some even said that everything looks
reasonable and justified provided the materials they need to deliver and the way they choose
to do so. Despite that, teaches recognized some areas where they were not doing well (i.e.
skewed gaze or location, looking away from students). Teachers said they were not thrilled
with their performance in these behaviors, and there were major problems they should resolve.
Some teachers recognized that there was potential room for improvement in their performance,
things they could do better and they could change such as being closer to students, or spending
more effort to proportionally distribute gaze and location to all students. Very few teachers said
that they did not care about assessing their own performance, whether they were doing well
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or not well, as they did not think the data ClassInSight was showing matters. These teachers
mentioned they connected with students in other ways, and data showing a skewed gaze or
location did not concern them as much. Similarly, few teachers were not sure how to asses
their performance, they were not sure what behavior is right or wrong, and what would be a
good balance to aim for in the nonverbal behaviors based on their teaching style, materials and
delivery.

After seeing the third part of their data, which shared with teachers verbal persuasion or social
comparison motivational feedback, instructors once again had the opportunity to share their
thoughts on their performance. Overall, instructors in the social comparison condition were very
happy to see they were doing better than other instructors on some aspects of their data. They
said seeing this comparison made them feel better about their performance. They assessed their
performance as better and further along than where they thought they were. It was reassuring
to them that other instructors had issues similar to them, and that they were not terrible in their
performance. They assessed their performance as very high and patted themselves on the back.
For example, ID-63 in their assessment of their performance before seeing the motivational
feedback mentioned: ID-63:"I had some serious issues. You know, not being in front of the
podium.... I was located on the right students were mostly on the left and I was located behind
the podium and this was because I was tied to the podium and not use a clicker.” Once the
instructor saw their performance compared to other instructors, they commented ID-63:"Oh,
cause it said high. I felt good about that. That’s it. At least I wasn’t terrible.” Regardless, they
still agreed that there were things they could do better to improve their behaviors. As one
instructor mentioned ID-88:"I mean, I'm pleased. I still, it’s hard to get over the idea, that,
you know you can do better, you know. And so I still, I mean I'm happy and I'm not going to
overly beat myself up about this semester. Things are what they are, but I sort of want us all to
do better."

On the other hand, teachers in the verbal persuasion condition had a very different reaction to
the motivational feedback shared to them by ClassInSight. They were primarily confused as the
data they had seen up to that point hinted that they were not doing well, however the text they
received was encouraging and this caused some confusion. One teacher suspected that the text
was subtly saying their performance was negative, ID56:"I don’t know what I'm getting out of
here. It is a kind way of telling me that I'm not performing well. If I would read this... like I
would read any texts that I'm reading. And I'm like, you know, I’'m judging a text from whether
or not it is honest to me or not. I would believe that this is kind of not 100% honest. It’s trying
to tell me that I'm under performing but in a very kind way." Another instructors mentioned
ID-40:"I’'m feeling a little, uh, patronized, you know.” Overall, the verbal persuasion feedback
did not bring any new information to the instructors and did not change their assessment of
their performance.

Challenges and barriers to using nonverbal behaviors in the classroom

A very interesting theme that came up during the interviews was challenges and barriers teachers
face in the classroom that affect their nonverbal behaviors such as where they are located, why
they spend a lot of time in one location, why they spend little time facing students, why their
gaze distribution is skewed to one side of the classroom, etc. Such challenges and barriers also
limit the changes in behaviors and practice teacher can make to improve, which I discuss in
more detail in the goal setting subsection below.
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One of the biggest themes that caused challenges for teachers was the physical layout of the room
and the classroom set up. Many teachers mentioned physical constraints that make it difficult
to teach due to the design of the classroom and the weird and small shapes of the room, where
the furniture is located, etc. This affects many of the teachers’ behaviors in class. For example,
some rooms are small, with little space in front of the podium. This creates no opportunities
for the teachers to be close to students without being on top of them. It also restricts teachers’
gaze and makes it so that they can only look at the people sitting in the front. In addition, in
such small environments, moving something such as a table or podium, would be in the way
of another furniture or of where the teachers would be walking, not allowing them to get to a
certain part of the classroom. Similarly, teachers cannot stand in certain locations due to the
podium or projector slides being there. Often furniture such as podiums and desks are heavy
to move and make it hard for teachers to create more space at the front. These restrictions
constrain and dictate teacher proxemic behavior in class making teachers stand too much in one
location and not enough in another. Further, teachers mentioned that the classrooms they teach
are different every time (i.e. location of podium, board projector or the size of the classroom),
and that affects their performance and behaviors in each case.

Another major theme that caused barriers for teachers’ nonverbal behaviors was the nature
of the course, the types of activities instructors included in their teaching and the way these
materials get presented. For example, in relation to the ratio of looking at students vs other
locations, some instructors said that in technical courses, they have to look at their notes often
as they need to be super precise and make sure that what they are writing is correct. Similarly,
another instructor said that when they play videos in class, they cannot look at students. One
instructor even argued that STEM courses are different and that ID-14:"I don’t think STEM
works with a lot of where you’re out circulating in the room very much because there are things
that we have to, we absolutely have to, you know, write on the board or present somehow. Um,
and 1t’s, it doesn’t really work. I mean, in a recitation situation it works great. To have students
work in small groups and then you can walk around and check on how things are going. ... I
think the model that you’re going to probably find that the model is people mostly standing behind
a podium writing on document cam or writing on a pad that projects or something like that."
Others mentioned they need to write on the board or work on the doc camera as part of their
lecture activities, which would not allow them to face the students all the time and would make
them glued to the podium or at the board.

A third major category that caused barriers for instructors’ nonverbal behaviors was the tech-
nology they had to use to deliver their course materials. Teachers felt that they were too chained
to these tools making it hard to have diverse location and gaze, and to change their practices.
One of the biggest barriers for teachers was the use of the board. Many technical courses use
the board which teachers expressed makes them immobile; they had to write on it and stay
close to it, and as a result they would not be in areas of the classroom where there is no board.
Similarly, facing the board to write made it harder for teachers to face the students. Further,
the laptop with slides and notes and the doc camera were major "culprits" of teachers staying
behind the podium for the majority of class time. Even though they are facing the students in
this scenario, teachers mentioned that they could not look at the students all the time as they
often had to pay attention to their notes or divert their gaze to the slides to point at.

When suggested to substitute such tools with different technologies (i.e. tablets or clickers to
help teachers be more mobile), teachers mentioned that any technology would bring some sort
of new challenge. For example, clickers could not help with the doc camera and tablets would
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introduce other issues such as dangling cables, lagging connections, etc. Further, instructors
feared that if they were to optimize certain behaviors, other behaviors could potentially suffer.
For example, if they teachers wrote quickly on the board to create the opportunity to turn and
look at students, then students who benefited from the slow writing and absorbing the material
slowly would have trouble keeping up. Similarly, an instructor said that they could use power
point slides instead of the doc camera to improve their gaze, but they steered away from that
because with power point students do not take notes and get passive.

Another interesting barrier for teachers’ nonverbal behaviors is teacher time and familiarity with
the course material. Teachers mentioned that when they are less familiar with the material or
the material is new to them, they have too look more often at their slides or notes, and there
is a limit on how much they can gaze students. As one instructor mentioned ID-24:"Cause I
can’t remember 90 minutes of lecture material, so I have to like look at the slide and what I'm
supposed to talk about.” Some teachers said they have a lot of material to cover in class in a
short amount of time so they cannot necessarily focus on the nonverbal behaviors if they take
time from that or if they require significant planning. They mentioned they have limited time
and energy in their work, and have other commitments in addition to teaching that need their
time.

A final and very interesting theme that emerged as a barrier for teachers using certain nonverbal
behaviors in class were students themselves. Some teachers mentioned that when they are trying
to engage with certain students, but they are not getting a response from them, teachers feel
as if they have hit a wall and that these students are signaling that they want to be left alone.
When students make no effort to participate and keep avoiding teachers’ gaze, teachers stop
engaging verbally or non verbally with these students. Instead, teachers prefer to engage with
students who are more responsive and active. Further, some students sit in the back or farther
away areas in class that are hard for teachers to reach with their gaze. Due to such barriers,
teachers’ location and gaze is often directed away from those students in class. However one
teacher challenged such barriers and said this might just be an excuse rather than a real barrier.
ID-63: "I mean I think at some point it becomes an excuse, right? Like I just either don’t want
to engage or I don’t know how to engage or I don’t feel comfortable taking questions. And taking
questions is hard, you know, if they can ask anything, especially if it’s a very technical area. I
noticed that in myself, just like, I really don’t want a question on this, so I'm just going to sort
of look at it, and then go to the next slide, you know? Um, whereas if you stop, look at students
and invite questions, then you might get something that, you know, you feel like you might not
have a very good answer to."

Lastly, sometimes we forget that teachers are also humans and health issues and other phys-
ical limitations could also be barriers and pose challenges to their nonverbal behaviors in the
classroom. For example, one teacher said they had trouble with gaze because of health issues in
their eyes that made them droop or gaze away. Other teachers had trouble with hearing, and
thought that would make students repeat themselves ad get disengaged. Lastly, another teacher
had difficulty with smiling due to health issues.

Teachers’ reaction to PD and their beliefs on nonverbals’ importance

A very interesting and unexpected theme that emerged from the data was teachers’ reaction to
the PD materials ClassInSight shared with them as well as their opinions and beliefs around the
importance and impact of teacher immediacy and nonverbals. To begin with, after reading the
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PD materials, some teachers expressed that they were aware or had heard of immediacy and
nonverbal behaviors before in broader terms but did not necessarily know the importance of it.
As one teacher mentioned ID-89:"So same with the closeness. I mean I, for me it’s natural.
I will see from my data sets. But for me it always felt kind of like natural to move towards
the students when I explain something. But I never knew if it was good to do that or it would
be intimidating for the students if I got closer. But it’s just as good”. Others mentioned they
had never thought about this or do not often think about it in their teaching, but they should.
Some teachers agreed with the PD materials that teacher immediacy and nonverbal behaviors
are important to teaching and found it reasonable and not surprising that those behaviors
correlate with student learning. One teacher suggested that this should be talked more about in
pedagogy training and another one wished they had taken part in the study several years prior.

However, others expressed their scepticism or did not agree that this topic matters at all and
questioned whether the importance of such behaviors was just an assumption. As one instructor
mentioned, ID-15:"... but the issue of approaching students physically that has never sort of
dawned on me as being particularly tmportant to teaching at least the kinds of things that I'm
teaching typically. " Despite ClassInSight having cited every claim made in the PD materials
on the importance of teacher immediacy and nonverbal behaviors, teachers questioned those
citations and the literature; they wanted to see the actual studies run in the papers, what kind
of research was conducted and in what context, what was the statistical significance, how it
was measured and whether it was a first order effect. Instructors made claims such as ID-24:"1
guess I'd want to see the studies that say that standing behind the podium matters... There were
citations, but I didn’t actually look at the citations, right? I mean I'm not completely convinced
that this is a first order effect... Prozemics. So I mean how, how big is the effect? " or ID-
20:"Modest relationships sounds modestly important... Uh, I think it’s convincing case why, um,
immediacy and eye contact could be useful concepts for teaching, although as I think you saw
from my moderate correlation comment there’s lots of questions about it, which are not there”,
as well as ID-14:"The data or the literature that you review, is it, do you know what kinds of
coursework is involved in that?".

Further, teachers wanted to know how much teacher immediacy and nonverbal behaviors affect
students, what effect do they have on them and and what is the magnitude of this effect. They
mentioned they have limited energy and time and they wanted to know how much they should
care about this or if they should focus on it at all. As one teacher expressed ID-24:"I just don’t
know how much I should care about this versus other things. I am energy and time limited in
terms of the teaching I can, and where I can improve. So is this what I should focus on really or
not? I don’t know." as well as ID-43:"Do you know, so, so when you have statements like, uh,
when teachers display more immediacy, students evaluate more positively the class, how much
more positively do they, so are there quantitative?"

Finally, when presented with the effective teacher model and the accompanying PD material,
some teachers gravitated towards not agreeing with the effective teacher model or agreeing only
with parts of it. Teachers mentioned that some of those suggestions did not matter, or did not
apply to their course provided the material they cover, ID-40:"Ah. Okay. Um, "spend less time
behind the podium and more in front of it or among students”. Well, I don’t agree with that."
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Goal-setting, intentionality, desire and interest for behavior change

Throughout the interview, prompted by the interview questions, or by their performance based
on the data the dashboard shared with them (i.e. seeing that there were areas they could improve
on), teachers mentioned their interest and desire in changing their behaviors and set goals for
how they aimed to improve their practice in the classroom. These goals involved change of some
aspect or overall of their location and gaze behaviors. For example improving their proxemics
through rearranging the layout of the desks and chairs in the room or using a technology such as
a clicker to help them move more around more. As one instructor mentioned ID-56:"1 would just
say that the two most important things is the pointer. Like I’ll put like an Amazon order for a
pointer right now". Instructors also mentioned they wanted to work on their gaze and attention
in the classroom, through covering the material in better ways (i.e. including worksheets in
class or using polls) or preparing more and better ahead of lecture. This would allow them to
look more at students and at various parts of the room the data showed they neglect. As one
instructor mentioned ID-21:"Well, yeah, I think I could spend more time looking at the students,
I think could be better. There’s areas for improvement. Yeah I'm a little sad, I didn’t look at all
of the areas of the room."

Some teachers also mentioned they were interested in changing their behaviors, but there was
a barrier that did not allow them to do so, or they were not sure how to change and improve.
Barriers and challenges are described in more detail in the subsection above. Teachers mentioned
that often there was no way to get around these barriers. As one teacher express ID-75:"I think
for these peculiar room, I'm not sure there’s a better way to do this.” Similarly, they also
expressed that they were not sure how they could implement a change or whether they had any
opportunities to do so. As one teacher expressed in relation to their gaze ID-63:"... it’s unclear
to me whether I could fix that because I don’t know, maybe some people could think always by
looking at people, but sometimes it requires me to look away, just because when you’re looking at
people and sort of processing what’s going on in their face, I feel like that can interrupt my sort
of cognitive processing of what I'm trying to think about. Um, so that’s important. I'm not sure.
I’d have to think about how I could fix that...” Further, instructors mentioned that they had
some uncertainty around how incorporating a new tool, activity or more in general an altered
version of any aspect of their nonverbal behavior would affect students in the classroom.

Lastly, a minority of teachers mentioned they were not interested in setting goals and changing
their behaviors for some aspect of their data. Their reasoning was that a change would not make
sense for the particular class they were teaching or because they thought their performance was
not concerning. As one teacher expressed ID-35:"Uh, from this class, I can’t, I don’t think I
can change anything.” Further, some professors emphasized that they were not sure if teacher
immediacy and nonverbals mattered and how big was their impact (as discussed in the subsection
below). As a result, they would not be willing to set a goal and change their behaviors. As
one instructor mentioned ID-15:"So0, you know, maybe I could spend more time looking at the
students, but I'm not sure that that would, I don’t feel that that would necessarily improve
anything. " Further, another instructor expressed that they would be willing to change their
behaviors only if these constructs mattered; ID-24:"If we assume that this matters, then I could
improve by, uh, not spending so much time behind the podium."

In terms of their goal setting and desirability for behavior change after seeing the verbal per-
suasion or social comparison feedback, the findings did not show any major differences with
the exception of how the participants felt towards each feedback type (as also discussed above).
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The verbal persuasion condition did not affect teachers’ goal setting. In fact, some teachers
expressed that it might even be discouraging or condescending making people think that they
are not doing well or that they are doing well and do not need to improve. On the other hand,
the teacher in the social comparison condition felt more positive and were encouraged to see
that they were not doing as bad as they thought and their performance was better than others.
This did not affect their goal setting, they expressed interest in changing their behaviors similar
to before seeing this feedback and would continue doing some of the things they were already
doing in the classroom. Few instructors mentioned that seeing themselves compared to others
does not affect what they decide to do about their own behaviors.

8.5 IRB incidents

As described in the previous chapter and this chapter, the IRB put extra requirements to the
studies described in this chapter, including having RAs (research assistants) present in class
during data collection, as well as stopping the automatic data collection from the sensors and
substituting it with a manual one. Despite these changes, partway through running the study
described in this chapter, my team and I ran into some other issues with unconsented third
parties. Again, those issues could not be foreseen or predicted before they happened, and in
particular, being pioneers in the field of instrumented classrooms, my team and I, together with
the IRB, had to figure out ways to deal with the new issues.

More specifically, we ran into cases when a student from a previous class would come back to
class to retrieve an item they had left behind (i.e., an umbrella). We also had a case where a
student walking by the hallways, opened the door to a class in session, peeked in quickly, and
then shut the door. Even though RAs had been trained to stop the data collection as soon as
they notice a third party present in class, those are cases that happen so quickly, that before the
RA can send the command to stop the data collection, the third party is not in class anymore
and the data collection with their face and/or voice is already captured. Similarly, in a last case,
a couple of students from the previous class stayed over until after the beginning of the class we
were doing data collection on. The RA who was responsible for that class session was not able
to tell those students were third parties until they left the class a few minutes after class had
started. In this case again, it was challenging to determine these students were unconsented
third parties, until it was too late.

Provided these new cases, I retrained the RAs on how to deal with those cases. In addition, my
team and I had long discussions with the IRB for potential solutions moving forward. For the
remaining part of the studies (these studies), the IRB required us to put big signs, as the ones
shown in Figure D-1 outside and in class, next to each sensor. The signs mentioned the course
number, name and date when we were doing data collection for research. As for moving forward
on solving issues with having RAs in the classroom, re-automating the data collection process,
and avoiding any third parties being captured by mistake, the IRB, my team and I have been
continuing those discussions, without a final solution yet.

8.6 Conclusions

In this chapter I describe a study I ran during Fall 2019 with 16 instructors at a R1 institution.
Through this study, I aimed to investigate how sharing with teachers their own data affects
their reflection-for-action and their behavior change intentionality. Further, I investigated how
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motivational feedback aimed at increasing SE affects teachers’ values, efficacies, motivations,
goal-setting and their intentionality for behavior change. Lastly, I aimed to test for consis-
tency, generalizability and statistical significance of the findings, compared to my prior studies.
To conduct this investigation I created ClassInSight, a high fidelity professional development
training and dashboard prototype designed based on findings from my prior work.

8.6.1 RQ1l: How does ClassInSight affect teacher reflection-for-action and
their intentionality for behavior change?

Reflection and Goal setting during the Interviews

After working with ClassInSight, instructors expressed they found some of the data from the
dashboard surprising, despite their experience with teaching for many years. ClassInSight helped
instructors assess their performance, where some of them saw they were not doing well and there
was room for improvement. They set goals for changing their behaviors on some aspects of their
data and express how they would try to do better in the classroom. These findings show that the
data from the ClassInSight dashboard together with the PD materials was helpful for teachers
to reflect on their performance and recognize areas for improvement, and set goals to to change
their behaviors.

Despite their performance, teachers expressed they often found it difficult to set goals and change
their behaviors due to challenges and barriers in the classroom, that restrict their performance
and dictate their behaviors. This included variables such as the classroom set up, the nature
of the course, the materials, the technology used to facilitate lectures, students themselves, etc.
These barriers made teachers unwilling to set goals, or unsure what goals to set and get around
such barriers. These findings suggest that instructors in this study, potentially have an external
Locus of Control (as Discussed in Chapter 6) which affects motivation, goal-setting and behavior
change negatively. ClassInSight was not designed to support or affect Locus of Control, rather it
focused on measuring or affecting teachers’ SE. Further research is needed to properly measure
instructors’ locus of control and how to best support and affect it.

Further, even though most instructors expressed interest in nonverbal behavior data, and found
their own data helpful to assess their performance, some instructors did not want to set goals to
change their behaviors. They showed scepticism on the importance of teacher immediacy and
nonverbals on student learning, questioned prior work and literature in this area and wanted
to know if and how much these constructs have an effect on students. Some instructors even
mentioned that they would be willing to change their behaviors only if ClassInSight could show
them the relationship between their data and their students’ data, or the type and magnitude of
impact their behaviors have on students. As discussed in Chapter 6, the value teachers see in the
task is important to motivation and it will affect goal-setting and behavior change. ClassInSight
did have PD materials to show the value of such constructs to instructors, however it was not
designed to affect value explicitly. Further research is needed to determine the best way to show
or highlight the value of such constructs to instructors.

Proxies for Behavior Change in the Post-Questionnaire

Teachers reported that they learned from taking part in the study. In particular, they found
both PD and data helpful to increase their knowledge and learning, but they believe they learn
more from seeing their own data and the dashboard module. Similarly, teachers have an overall
positive attitude towards the PD materials and the data they saw in the study, however their
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attitude towards their data and the dashboard is higher on average. Findings also showed
that teachers have a generally more positive attitude towards gaze and eye contact data than
towards location and position data. Further, the attitudes and learning are positively, strongly
and significantly correlated with each other.

Further, teachers score high in their likelihood to engage in the behaviors recommended in the
PD, showing that the PD module in the study incentivised teachers to attempt and engage in
the recommended behaviors. Despite that, their likelihood to enroll in another PD module of
related content provided they had the choice and their schedule permitted it, was much lower.
This could be both an issue of value (teachers do not see the value of such behaviors) as well as
an issue of locus of control (external time limitations make teachers more selective in the types
of activities they can engage.)

In their willingness to change, teachers scored between "Neutral" and "Agree" which shows that
they are relatively willing to change their behaviors. Teachers were more willing to change after
seeing their data in the dashboard rather than after reading the information on the PD module.
Looking at teachers’ willingness to change specific nonverbal behaviors, teachers seem most
willing to change their oculesic (gaze) behaviors than their proxemic (location) behaviors. In
terms of their readiness to change teachers scored between "Thinking about it" and "Planning
and making a commitment to it" on the scale. This shows that teachers in this sample are past
the stage of "Not being ready at all to change their behaviors" and are "Thinking about it"
towards making planning and commitment to this change. Teachers’ willingness and readiness
to change were strongly and positively correlated with each other and with the reported learning
and attitudes discussed above.

In the post-questionnaire, almost a third of the instructors set one or more goals for changing
their behaviors, while one instructor mentioned they already changed their behaviors in class
after the study. Three instructors set goals for changing some behaviors, but mentioned that
external factors would not allow them to set certain goals and change certain behaviors. Two
teachers expressed they were not going to change their behaviors because they already do well
with such behaviors in class, while one teacher said that even though they do certain behaviors,
they made an effort after the study to make some small changes. The main goals teachers set
to change their behaviors included looking more and more proportionally at students as well
as moving around more and using technology such as clickers to allow for better mobility and
not being stuck behind the podium. These findings are consistent with the interview findings
discussed above.

Value in immediacy and nonverbals

In the pre-questionnaire, in terms of behavior change intentionality, half of the instructors
were interested to change their behaviors, focusing on ways to better engage their students.
Instructors acknowledged they had not had any training on those skills. Interestingly, one
instructor mentioned that they would need to have a better understanding of the value of
immediacy to be able to say if they wanted to improve their behaviors. While another instructor
mentioned that there are external factors that inhibit them to do well in terms of those skills.
These findings hint in the direction that the value of immediacy and nonverbal behaviors might
not be enough to motivate teachers to improve on their skills. And even when they are interested
in change, there are other external factors that could hinder their goal setting and improvement.

In fact, looking at how teachers scored in terms of their beliefs and values around immediacy
and nonverbal behaviors, teachers in this study still scored high (between "Agree" and "Agree
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Strongly"). Teachers saw more value for immediacy in teaching rather than in students’ learning.
Similarly, teachers saw more value in the gaze and eye contact nonverbal behaviors rather than
location and position in class.

Surprisingly, the value teachers see in immediacy and nonverbal behaviors very slightly increased
from pre to post, which could mean that the study materials (PD and data) need to do a better
job at conveying and convincing the teachers of the value of such constructs.

In conclusion, the findings in this susbsection show that ClassInSight helped instructors assess
their performance and set explicit goals for how to change their behaviors in the classroom.
Through the various proxies for behavior change (learning, attitudes, likelihoods and willingness
and readiness to change), teachers showed they are willing and ready to change their behaviors
after the study, they set goals on what they want to change in relation to their oculesics,
proxemics as well as other nonverbal behaviors they learned about in the PD materials.

To note is the finding that, even though in the study I was aiming to affect teachers’ self-efficacy,
value and locus of control came up in particular during the interviews as discussed above. Based
on Chapter 6, these two variables have an impact in both their interest to change their behaviors
and the goals they set to improve their practice in the classroom. However, the findings here
suggest that their impact might be even bigger than what I hypothesized at the beginning of
Part 2 of my thesis and than what prior literature suggests. The findings suggest that teachers
have external locus of control, and "justify" and "blame" their performance on the barriers
and challenges outside of their control. This external locus of control will make teachers less
motivated to set goals and improve their behaviors in the classroom. As a result, a technology
such as as ClassInSight should explicitly support teachers’ locus of control for example by
providing them actionable suggestions that move the locus from externally to internally. Further,
some instructors expressed their scepticism on the importance of nonverbals and immediacy;
it seems they see the value of such constructs to teaching but they are not convinced of the
value, magnitude and type of impact on students and their learning. Once again, a technology
such as ClassInSight should provide instructors with support on value, for example by showing
relationships between teacher and student data, or showing causality.

Further research is needed to better understand how much locus of control and value affect goal-
setting and behavior change, and how to best design tools and technologies that will support
teachers in this aspect. My hypothesis is that out of these three constructs, in the higher
education setting population, where instructors, in particular tenure faculty, have many other
commitments often more important than teaching, the value they see in teacher immediacy and
nonverbals is the most important to them wanting to change their behaviors. If the value is
not there, despite their high SE, teachers will not be motivated to change and will likely blame
external factors outside of their control for their performance. An exemplar of the importance
of value for such instructors was expressed by one of the participants in the current study who
said: 15-One of the comments that came back in FCEs was that professor X seems to care a lot
more about thermodynamics than he does about the class. And I'm thinking damn straight. Yes.
I know that was supposed to be an insult, but you know, I'm sorry.”

8.6.2 RQ2: How does motivational feedback affect teachers’ values, effica-
cies, their goal setting and intentionality for behavior change

In the post-questionnaire, the social comparison group scores much higher on average than the
verbal persuasion group in learning. The box plots of the two populations for overall learning are
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almost non-overlapping and distinct for learning from the dashboard. These results show that
the social comparison group perceived they learned more in the study, in particular in relation
to seeing their data and the dashboard. These results hint in the direction that seeing their own
data perform better compared to other instructors, helps instructors report learning more both
from the study overall and from the data specifically. Similarly, receiving a paragraph of text
with persuasive and encouraging words (in the verbal persuasion condition) does not seem to
help increase teachers’ reported learning.

In addition, on average and overall the social comparison condition scores much higher in atti-
tudes than the verbal persuasion condition. The box plots of the overall attitude for the two
populations are distinct and non-overlapping. This could mean that seeing their data perform
better when compared against other instructors (the social comparison group) leads to a more
positive attitude for instructors than only seeing a paragraph of motivating text as feedback
(verbal persuasion group).

Further, the Verbal Persuasion condition is consistently scoring lower on both willingness and
readiness to change compared to the social comparison group. The box plots of the two pop-
ulations in the readiness and willingness to change pare quite distinct from each other and
non-overlapping. These findings show that the social comparison condition was more willing
and ready than the verbal persuasion group to change their nonverbal behaviors in the class-
room. These results hint in the direction that seeing their own data perform better compared
to other instructors, helps instructors have a higher willingness and readiness to change their
nonverbal behaviors.

All together, these findings hint in the direction that social comparison might be a better
motivator for teachers for changing teaching practices and their behaviors in the classrooms.
A potential reason for this could be that as verbal persuasion is dependent on the persuader,
feedback coming from an app or us as researchers might not be as motivating to the instructors.
On the other hand, in the social comparison condition, instructors saw themselves surpass their
peers and this might have been most motivating for them to change their behaviors. This is also
emphasized by the interview findings, where the instructors in the social comparison condition
expressed much happiness and positivity after seeing their performance was better than others.
While the instructors in the verbal persuasion group felt patronised or thought the text was not
encouraging rather was hinting to them that they were not doing. Designers of such technologies
should pay careful attention to the type of motivational feedback presented to the teachers, and
should explore other types of motivational feedback that could result in even higher motivation
and incentive for teachers, for changing their behaviors and practices in the classroom.

8.6.3 RQ3: What are teachers’ values, data interests, assessment of their
performance, motivations, etc., around teacher immediacy and non-
verbal behaviors? How do such constructs change after teachers see
their own nonverbal behavior data? How do these findings compare
to the findings from Chapter 77

Effect of the instructors’ role

The population in the current study was majorly tenure faculty, while the population of the
study in Chapter 7 was majorly teaching faculty. This is important to note as the distribution
and scores teachers achieved in the various variables and measures during the current study,
were different and lower in many cases compared to the Chapter 7 study. Further, issues with
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value and locus of control come up more frequently in the current study, as discussed above. A
reason for this could be the different populations, in particular as teaching faculty and tenure
faculty have different priorities, and maybe even values when it comes to teaching. This affects
their motivation, time and energy they would put into teaching and as a result the goals they
set and their intentionality and desire to change and improve their practices.

Only half of the instructors in this study had experience with the Eberly Center for Teaching
Excellence and Educational Innovation at CMU. Similarly, outside of CMU, almost a third
of the teachers did not have any prior experience with PD, while the other instructors had
minimal experience with such PD. This distribution in experience is very different from that of
the Chapter 7 study instructors, where the majority there had worked with Eberly at various
lengths and had considerable experience with PD outside of CMU. An explanation for this
difference could be that for tenure faculty, unlike for teaching faculty, teaching is not necessarily
the primary focus and concern of their job as other matters related to research or administration
maybe their primary responsibility. As a result, the time and effort they would put into PD
and teaching is likely to be different from teaching faculty.

In terms of their familiarity with immediacy and nonverbal behaviors, most teachers had no idea
what immediacy was while they were all familiar with nonverbal behaviors and could provide
some examples. These results are similar to the Chapter 7 findings, where the lack of familiarity
with immediacy is more due to this construct being only discussed in literature. Similarly,
teachers in this study were moderately confident in their immediacy skills, but there was still
room for improvement.

Self-efficacy

In terms of SE and SE for NVBs, instructors fell almost equally distributed between the mid and
high SE/SE for NVB buckets. Unlike the Chapter 7 study, more instructors in this sample fell
into the mid-SE/SE-NVB group, thus bringing down the averages of those constructs, compared
to Chapter 7. Taking a closer look at SE for NVB, teachers scored much higher in their SE for
gaze rather than location. This is consistent with the value and beliefs that teachers had about
gaze versus location, as discussed above. Teachers scored high in their self-reported nonverbal
behaviors, with still room for improvement. Teachers perceive they use gaze and eye contact
way more often than they use location and position in class. This is also shown by the higher
average score teachers get in this questionnaire in terms of oculesics than proxemics behaviors.

Motivation

When asked what things motivate them in doing the best in the classes they are teaching,
the instructors in this study answered quite differently from the instructors in Chapter 7. For
example, the main themes in the current answers revolved around student learning and success
and the importance and beauty of the topic they were teaching. Constructs related to immediacy
and nonverbal behaviors were far less common answers and less motivating to instructors in the
current sample, unlike the Chapter 7 instructors. Again, the differences in the distribution of
the population could be a reason for this, hinting at the differences in value or the importance
teachers see in nonverbal immediacy. On the other hand, similar to Chapter 7, most instructors
were intrinsically motivated in terms of teaching and almost half of the instructors were also
extrinsically motivated. Looking at more detail into the teaching faculty versus the other faculty
in this study, I found that the former score the highest in terms of intrinsic motivation and the
lowest in terms of external regulation. This supports the reasoning that for teaching faculty,
unlike for other faculty, teaching is the primary interest and focus of their jobs. This results in
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teaching faculty to be more intrinsically motivated in relation to teaching, while tenure and other
faculty, for whom teaching is not their primary focus, might be less intrinsically motivated and
more extrinsically motivated when it comes to teaching. Similarly, in terms of PD aspirations
and Planned Efforts for teaching, the instructors in this study score lower from the Chapter 7
study instructors, in particular in terms of undertaking further PD.

Based on those observations and findings, I wanted to investigate if there were any statistical
differences between the teaching faculty and the other faculty who took part in this study.
The teaching faculty consistently scored higher than the other faculty on all the variables,
except for external regulation. I found that the teaching faculty scored lower in their external
regulation and higher in their efforts and aspirations. This would hint in the direction that
teaching faculty are more motivated to put effort to improve their teaching, and their teaching
is not extrinsically motivated, compared to other faculty. The box plots of the two populations
shows distinct and almost distinct and non-overlapping patterns in terms of general self-efficacy,
confidence, intrinsic motivation, external regulation and efforts and aspirations. These findings
hint in the direction of teaching faculty scoring higher in many of the variables, in particular
those related to general teaching and motivation. As described in Chapter 6, this is important
as such constructs affect goal setting and ultimately lead to performance and behavior change.
This again is understandable as for teaching faculty, unlike for other faculty, teaching is their
specialty and profession, and the primary focus of their job.

To summarize, instructors in this study scored quite high in terms of the various variables
measured in the pre-questionnaire. However, those scores were often lower than the respective
scores of the Chapter 7 study. This might be an effect of the population distribution in Chapter
7 (a majority of teaching faculty) and the fall (a majority of tenure faculty), leading to different
motivations, priorities and goals when it comes to teaching. Looking at differences between
teaching faculty and other faculty in this study, I found that the former consistently scores
higher than the latter on variables of interest such as self-efficacy and motivation. This could
potentially mean that teaching faculty will be more motivated to set goals and work on changing
their behaviors, compared to other faculty.

Pre-questionnaire statistics

In a statistical analysis of the pre-questionnaire data I found that there exist strong and positive
correlations among many of the variables in the pre-questionnaire, with the exception of external
regulation that is negatively correlated with all the variables. In particular, the SE variable was
positively correlated with all the other variables including SE for NVBs, intrinsic motivation,
Effort and Aspirations, value and confidence and negative correlated with external regulation.
Those were strong and moderate correlations and they were all statistically significant! These
correlations (together with the other correlations discussed in more detail in the findings section
above) show the connection between the more general teaching constructs (such as SE and
motivation constructs) to the specific constructs relative to this study that measure various
aspects of teachers’ immediacy and nonverbal behaviors (value, confidence, SE for NVB and
self-reported nonverbal behaviors). As described in Chapter 6, expectancy and value constructs
have an effect on learning and performance, by affecting motivation, which then directly leads to
goal-directed behaviors that support learning and performance and ultimately lead to behavior
change. Thus, the correlations and significant findings in this section show promise towards
a path that leads to motivation, goals setting and ultimately behavior change for teachers’
practices in the classroom in relation to their immediacy and nonverbal behaviors.
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In addition, provided the importance of SE and the positive and strong correlations with the
various variables in the study, I investigated differences between the mid and high-SE groups.
I found that the high-SE group consistently scores higher compared to the mid-SE group, with
the exception of external regulation where the medium SE group scores higher. Looking at the
box plots of the populations, the mid-SE and high-SE groups are distinct from each other and
non-overlapping. These findings again support the prior findings of the correlations that a high
SE translates into higher scores on all other variables.

To summarize, in the pre-questionnaire, I found that many of the variables general to teaching
and specific to immediacy and nonverbal behaviors, were strongly, positively and significantly
correlated. In particular, general teaching SE was highly correlated with many variables. Buck-
eting the instructors based on this variable into mid and high-SE, I found that the two groups
were different, with the latter scoring higher in most cases, compared to the former. Again,
these findings are important especially when considering that constructs such as efficacy and
motivation affect goal setting and ultimately lead to behavior change.

Post-questionnaire

I discuss in detail proxies for behavior change above and here I would like to emphasize how
these findings were different from the Chapter 7 findings. To begin with, learning in this study is
consistent with the Chapter 7 findings. However, in this study, the learning scores were higher
than the respective scores from Chapter 7. This could be explained due to the population,
where in the current study the majority of the participants were tenure faculty and had fewer
experiences with PD and training, thus learned much more from this study than the Chapter
7 study counterpart. Further, teachers in this study scored lower in their attitudes, willingness
and readiness to change compared to Chapter 7. Teachers in this sample were less willing and
less ready to change their general and specific nonverbal behaviors in the classroom. Similarly,
the value they found in immediacy and nonverbal behaviors on average in this study was lower
than the Chapter 7 study.

Pre Post changes and differences

In terms of changes from pre to post questionnaire, there were no statistical changes per variable
with the exception of SE for NVB which was significantly different (and almost significant after
a Bonferroni adjustment). Some of the other variables slightly increased and some slightly
decreased. These results are understandable as constructs such as SE and motivation are too
large and broad constructs related to teaching, and as a result difficult to change significantly
based on a single study. In particular, as the intervention in this study was not focused on
teaching generally rather on a sub-aspect of it, namely immediacy and nonverbal behaviors. By
the same argument, the construct of SENVB, which is related directly to the study intervention,
increased significantly from pre to post. This hints in the direction that showing teachers PD
together with their own data in relation to immediacy and nonverbal behaviors could help
increase instructors’ self-efficacy in relation to those behaviors.

To summarize, the only significant difference from pre to post was the SE for NVB score. This
is positive and shows that the study intervention affected teachers’ self-efficacy for immediacy
and nonverbal behaviors. Again, based on the discussion in Chapter 6, a higher SE can lead to
more motivation for setting goals and changing behaviors, thus this finding is very important in
terms of how the intervention can help support teachers’ behavior change.

Interview Findings: Discussion and Conclusions
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The findings showed that overall teachers are interested in data about themselves. However, they
expressed strong interest in data about their students, in particular engagement and attention
in class. Interestingly, teachers had various definitions of what attention and engagement is to
them. Further, teachers were interested in data that showed the relationship between teacher
and student data such as what teacher behaviors correlate with student engagement and what
teacher behaviors cause engagement or disengagement. Further research is needed to investigate
how to best integrate these two data, teachers and students, while highlighting the relationships,
correlations or causal between these data. Teachers also found comparisons of their data against
their peers very helpful, as a way to assess where their performance is and what goals they should
set and strive for.

Final remarks

To summarize, findings in this Chapter showed that ClassInSight helped teachers assess their
performance and set goals to change in certain aspects of their nonverbal immediacy perfor-
mance. Proxies for behavior change in addition to the interviews showed that instructors were
willing and ready to change some of their behaviors. Further, instructors expressed interest in
their own data and in student data such as engagement. Instructors were particularly interested
in data that showed how teacher behaviors affect students in the classroom.

However, some instructors said they would not change their behaviors in class or they could not
set goals to change. Issues around the value and locus of control came up as barriers to interest
and possibility for behavior change. On the other hand, findings hinted in the direction that
social comparison as a way to support SE might be a better motivator for teachers for changing
teaching practices and their behaviors in the classroom. In addition SE for NVB significantly
increased before and after teachers worked with ClassInSight, hinting at the importance of
SE. Further exploration is needed to understand how value, locus of control and SE interact
with each other, affect instructors, at what levels and magnitude, and how technology can best
support motivation and behavior change by supporting and affecting such constructs.
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Part3: Towards a teacher dashboard with teacher
and student data to support teachers’ reflection-
for-action and behavior change
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Chapter 9

Motivation for Part 3

9.1 Introduction

The investigations and studies in Part 1 and Part 2 resulted in very interesting findings, which
answered some questions and raised even more questions worth exploring in Part 3. There
were many interesting directions I was considering taking this work: from better understanding
the dilution observed in Part 1, to measuring actual behavior change in Part 2, to focusing on
detangling the relationship and importance between SE, value and locus of control, to creating
a pipeline for generating specific nonverbal measures from raw sensor data, etc. Provided it was
not possible for me to do everything, I decided to pick the most interesting of those directions
and what seemed most important to investigate first, based on what I learned from Part 1 and
Part 2. Below I summarize what Part 3 of my thesis work is going entail.

1. First, I decided to investigate the issue with the value of teacher nonverbal immediacy
that came up in the findings in Chapter 7 and Chapter 8. On one hand, instructors
questioned the value and magnitude of such behaviors on their students. On the other
hand, literature has shown such value, but primarily focusing on self-report measures.
Little work has focused on working with and drawing conclusions from actual teacher
and student data from the classroom. Motivated by this, in Chapter 10 I decided to
focus on exploring patterns of behaviors, in particular with potential for improvement on
both teacher and student data. Further, I also aimed to explore any relationships (i.e.,
correlations) among such data. My goal was to take the first step towards showing value
of such behaviors using patterns and relationships from the data.

2. Second, I decided to further investigate how to integrate teacher and student data while
also supporting teachers’ reflection-for-action. Findings from Part 1 and Part 2 showed
that teachers were interested in student and teacher data respectively. In particular, in
Part 2 they expressed interest in having both teacher and student data. Further, no prior
work has focused on combining both teacher and student data, with the aim to support
teacher behavior change. Motivated by this, in Chapter 11 I focus on investigating how
to integrate and combine teacher and student data, and support teachers’ reflection-for-
action through supporting SE and Value. To the best of my knowledge, this is the first
work that takes a step in this direction, getting closer to creating a technology that can be
tested in the classroom and teachers can use to work on their practice and improve their
behaviors.
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Chapter 10

Investigating Patterns of Behavior with
Potential for Improvement and

Relationships Among Teacher and
Student Data

Abstract Prior work has shown that teacher nonverbal immediacy is one of the most valuable
tools instructors have available to them. However, much of prior work relies on self-reports
to measure the effects and value of nonverbal immediacy in the classroom. Little work has
focused on investigating patterns and relationships from actual teacher and student nonverbal
behaviors in the classroom. New technologies such as instrumented classrooms create multiple
opportunities to collect large amounts of data for such investigations. In this work, I explore
and analyze data collected from 45 courses with the EduSense instrumented classroom, and
generated through human coding (17) or machine learning models (28). The aim of this work is
to explore patterns of behaviors, in particular with potential for improvement, and relationships
among teacher and student data. Overall, I found very interesting patterns in teacher behaviors
such as them spending the majority of class time immobile, in one location, or looking at
their students on average less than half of class time. Further, I found some weak to moderate
correlations among teacher and student behaviors, which hint towards the value and importance
of nonverbal immediacy. In this chapter, I discuss the contribution of this work and provide
design guidelines for technologies that share with teachers data from the classroom.

10.1 Introduction

Teacher immediacy is conceptualized as those nonverbal behaviors (i.e., location and movement
in the classroom, eye gaze, body posture, gestures, etc.) that reduce physical and/or psycholog-
ical distance between teachers and students and increase their interpersonal closeness, with the
goal of enhancing student learning |22, 23, 102, 201|. Nonverbal immediacy behaviors are some
of the most valuable communication tools instructors have available to them [201]. Nonverbal
immediacy behaviors have been shown they are important to teachers, to student learning and
students’ attitudes towards learning [22, 63, 173, 253]. More in general, teacher immediacy
has been shown to positively associate with a range of classroom variables [251, 253] such as
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perceived instructor credibility and fairness, student intent to persist in college, etc.

Prior work has majorly focused on measuring the effect of teacher immediacy through variables
such as students’ self-reported learning and their perceptions of their understanding and learn-
ing, students’ attitudes towards learning, the course and the instructors, students’ perceptions
of teacher immediacy, instructors’ own self-reporting or observations from a third party (i.e.,
[25, 199, 253]). However, this limits the scalability of the amount of data that can be collected
and is also subjective based on the reporter. Little prior work has looked at exploring patterns
of behavior of teacher and student nonverbal data in the classroom, what areas for improvement
are there and what relationships exist among and between teacher and student data. Part of
the reason for this is that prior to instrumented classrooms, it was very challenging to collect
such data at scale from the classroom, which is also why much of the prior work cited here
relies on self-reports. Recent work from Martinez-Maldonado et al. (i.e. [160, 162, 164]) uses a
combinations of multiple sensors and human coders to look at the classroom proxemics (teacher
and student location) in a lab setting, as students are working in a collaborative environment.
My work in this chapter goes beyond this work as it focuses on classrooms in-the-wild, and in
multiple types of nonverbal behaviors (not only proxemics) with the aim to explore patterns
and relationships in the data.

In addition, my prior work and findings from Chapter 7 and Chapter 8 showed that teachers,
despite the being shown the prior work on the importance of nonverbal immediacy behaviors,
were sceptical of the value or magnitude of the value on students. They expressed that they
wanted to see the actual relationship and magnitude of the effect between teacher and student
data, and how their actions and behaviors would affect their students. Further, teachers ex-
pressed interest in social comparison as a way to assess how they are doing and to see how their
performance compares to others. Lastly, while looking at their data, some instructors assessed
their performance as not doing well and identified various areas of improvement for their be-
haviors. This shows that potentially, across instructors, there might be similar or other major
areas for improvement.

My work in this chapter is motivated by the gap in literature and findings from Part 2 as
discussed above. In this chapter, I aim to investigate various patterns of behavior in the class-
room both on teachers and students, identify any potential areas with room for improvement
on teacher behaviors, and explore relationships among teacher data, student data and between
teacher and student data. I use the EduSense [11] instrumented classroom that creates the op-
portunity to collect a massive amount of data from multiple courses and class sessions. Specif-
ically, I collected data from 45 courses over 3 semesters, where data from 17 courses was hand
coded by human coders, and data from 28 courses was automatically coded by the EduSense
machine learning models. The research questions of this chapter are the following:

1. RQ1: What common patterns of teacher and student behaviors are there in the classroom
and what areas for improvement can we identify?

2. RQ2: What relationships can we determine between teacher and student data?

Findings showed some very interesting patterns of teacher behaviors in the classroom. For
example, teachers are very immobile; they spend the majority of class time on one side of the
classroom, typically close to the podium. They do not move a lot and their location is not
equally distributed to across their students. Further, teachers also spend less than half of class
time on average looking at their students and are not balanced in how they distribute their
gaze in different sides of the classroom. Lastly, I found some weak to moderate relationships
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among teachers’ own data and teacher and student data. This is a first step towards exploring
and identifying the relationship of teacher actions with student engagement, and even student
learning, in the future.

The findings aim to create new knowledge around patterns of behaviors in the classroom, and
fill in the above mentioned gap in the literate. Further, findings from this chapter provide
solid design guidelines for designers of technologies tha