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Exploring Social-emotional Cognition and Psychophysiologic Synchrony
during Teaching Interactions
Abstract
Conceptions of learning have evolved from behaviorist and mechanistic models to
models that are dynamic, complex, and process-oriented. Educators’ and researchers’
understanding of teaching can benefit from a similar evolution, one that embodies
teaching as a dynamic, cognitive skill. Because teaching is an inherently interactive
phenomenon, it can be characterized as a social-emotional cognitive skill.
Using a dynamic systems and social-emotional cognitive lens, in this dissertation,
I describe two studies that explored teaching from these perspectives. The first,
presented in Chapter 2, used structured cognitive interviews to elicit expert teachers’
reflections on their teaching processes, as well as to illuminate the interactive nature of
these processes and the factors that influence the teachers’ capabilities. In the second
study, presented in Chapter 3, I borrowed methods from interactive social-emotional
cognitive studies to identify periods of psychophysiologic synchrony between the
teachers and students to determine if these correlated with their relational experiences.
Five themes, or awarenesses, emerged from the interview data: (a) awareness of
learner (AoL), (b) awareness of teaching practice (AoTP), (c) awareness of context
(AoC), (d) awareness of self as a teacher (AoST), and (e) awareness of interaction (AoI).
Within each theme, I identified several categories that characterized the teachers’
reflections on the individual social-emotional cognitive processes employed during
teaching. These data show that expert teaching leverages a complex, social-emotional
cognitive framework to achieve learning goals.
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In the second study, I observed significant increases of psychophysiologic
synchrony in the teacher–student dyads that were engaged in a supported teaching task.
This elevated synchrony was correlated with multiple domains of two established
measures of individual social-emotional cognition. Moreover, after dividing the data by
the median of achieved synchrony into an upper and lower group, strong but unique
correlation patterns were observed between the teacher–student synchrony and the socialemotional cognitive survey measures. In particular, several student measures of the
teachers’ perspective taking demonstrated inverse associations between the lower and
upper 50th percentiles of synchrony. These data indicated that the ability to create
synchrony during supported interactions was connected to the teacher’s distinct socialemotional cognitive capacity. These results also support the potential neurobiologic and
psychophysiologic bases of teachers’ social-emotional cognitive processing.
Together, these two studies represent an initial step along a larger trajectory of
future research that could advance the conception of teaching as a social-emotional
cognitive skill that develops as a complex system.
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CHAPTER 1
GENERAL INTRODUCTION
Understanding the process of teaching is one of the most important questions
educators and researchers can ask in a time when so much depends upon the outcomes of
that process. Although the understanding of teaching has evolved, this evolution has yet
to incorporate into its framework the dynamic systems or developmental theories that
have transformed our conception of learning. Moreover, unlike some forms of learning,
teaching is inherently social.
A new opportunity to explore and understand teaching is created when teaching is
framed as a social-emotional cognitive skill that develops as a complex system.
Moreover, a dynamic systems lens provides a useful perspective for viewing teaching as
an inherently interactive phenomenon. Thus, together, social-emotional cognition and
dynamic systems served as critical anchors for extending educators’ understanding of
teaching as a complex system.
Along these lines, the first study (Chapter 2) focused on expert teachers as
representatives of advanced social-emotional cognitive development. I delved into the
social-emotional cognition of expert teachers by eliciting their reflections on the
individual cognitive mechanisms they employed when they were teaching.
Reflections on the individual social-emotional cognitions that teachers can recall
from moments when they are teaching are informative; however, these reflections likely
do not show the true nature of these social-emotional cognitions as they occur during
actual interactive experiences. Thus, a gap was identified between individual teacher
reflections on social-emotional cognitive capacities employed during interactions and
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direct measurement of variables related to social-emotional cognition during the
interactions themselves. To understand fully the social-emotional cognitions used during
teaching, this gap needed to be bridged.
Accordingly, to investigate the social-emotional cognitions of teaching in depth,
in the second study (Chapter 3), I explored whether psychophysiologic synchrony existed
in the teacher–student interactions, and if synchrony was found, whether this synchrony
was a correlate of individual social-emotional cognitions. This experiment provided
novel data on the underpinnings of individual social-emotional cognitions and how they
might connect with interactive measures of social-emotional cognition between teacher
and student.
Taken together, these two studies provide potential insights into the broader
question that guided this study: Can studying teaching within paradigms of socialemotional cognition and dynamic interaction provide a new framework for understanding
the nature of teaching?
This dissertation is organized into four overarching components. First, I review
the relevant literature on learning and teaching theories, dynamic systems, and socialemotional cognition. I then describe the rationale, methods, results, and implications of
Study 1 and Study 2. Finally, the dissertation concludes with a description of the
implications of both studies on educators’ understanding of teaching, and I propose next
steps for future research.

3
Learning Theories
Behaviorist Model of Learning
Historically, learning theories have been the foundation for teaching theories,
each influencing the shaping of our collective notion of teaching. For example, one early
theory of learning, the transmission model, is most easily understood in the context of
behaviorist frameworks. Behaviorism was a mid-20th-century movement whose
proponents identified learning as behaviors that could be measured through observation.
The focus concerned inputs and outputs rather than the mind. Most significant among the
behaviorists were Pavlov, Watson, and Skinner. These behaviorists argued that learning
is the product of reinforcement—either positive or negative—of a response to a stimulus
(Skinner, 1976). “B. F. Skinner took the idea of the ‘tabula rasa’ one step further to
create the doctrine of the ‘empty organism’; that is, a person is like a vessel to be filled
by carefully designed experiences” (Gordon & Browne, 2013, p. 106). Essentially, the
behaviorist view of learning is one in which learners are seen as empty vessels to be filled
with knowledge. In this view, learning is an additive process through which information
held by experts is given to naïve learners who are otherwise blank slates (Gordon &
Browne, 2013).
Pavlov is perhaps most notable of the three behaviorists for his contribution to the
seminal classical conditioning studies that underpin behaviorist learning theory (Pavlov,
1897). Pavlov’s (1938) studies showed how animals reacted to stimuli in response to the
environment around them; his seminal work involved a dog who learned to associate
being fed with hearing a bell ring.
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Watson adapted Pavlov’s work in stimulus response to study human learning
(Watson, 1913). Watson believed people learned because of continued experience with
different stimuli in their environments. Learning was considered a conditioned response,
and in Watson’s view, anyone could be conditioned to have a certain response. Once a
behavior was learned, it could be adapted based on changes in the environment (Watson
& Rayner, 1920). Therefore, Watson believed that understanding the range of human
behaviors was the key to understanding learning.
Building on Watson’s research, Skinner (1938) designed a system to guarantee
preferred behavior. Skinner believed that rewards and punishment could be used to
influence behavior and learning. In his model of operant conditioning, Skinner argued
that the mind, or a person’s thoughts and beliefs, were not relevant factors in his or her
decision making. Skinner argued that all processes were the result of the reward or
punishment received at the end of the task rather than the result of free will. Behavioristinspired theories and systems of teaching promulgated the use of these tangible incentives
to influence human learning (Skinner, 1961).
Cognitivist Model of Learning
In contrast to the behaviorists, cognitive psychologists considered learning a
pattern of acquisition or reorganization of mental structures through which humans
process, store, and construct information. From these principles emerged constructivism,
the belief that learners construct knowledge from their experiences (Bruner, 1966; Lutz &
Huitt, 2004; Piaget & Inhelder, 1973). Though, like behaviorists, cognitivists believed
that positive reinforcement aided learning, they considered it a feedback tool rather than a
stimulus. Cognitivists’ challenged behaviorists’ idea that the mind was insignificant to
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learning; rather, they argued, human learning was grounded in human cognition.
Humans, according to cognitivists, acquire knowledge, reorganize it to make sense of it,
and then store it in their memories.
Piaget (1953) was one of the first researchers to propose that cognitive
development proceeded through qualitatively different stages. Piaget systematically
mapped this cognitive development in children, arguing that certain mental states
occurred without any outside stimulation from the environment (Piaget & Inhelder,
1973). Vygotsky (1978) further added the idea that cognitive development includes a
person’s cultural context, including socio-historical influences. In his theory of social
cognition, Vygotsky argued that everything that surrounds people plays a role in how
they develop their thinking and therefore affects how they learn. Vygotsky described the
importance of support in the learning process and proposed the existence of a zone of
proximal development to indicate the amount of guidance a learner needed to grow
cognitively. Thus, these cognitivist theories of learning have influenced student-centered
models of teaching using the premise that learners’ cognitive development (as influenced
by natural growth and contextual factors) is a result of more than conditioning alone.
Neo-Piagetian Theories of Cognitive Development
A group of researchers known as Neo-Piagetians added to knowledge of
cognitive development by considering the existence and causes of individual differences
in cognitive development (Demetriou, 2006; Mora, 2007). Traditional stage-based
development could not be used to explain why or how development occurred and did not
account for the variability observed in development—that is, how people learned new
skills at very different rates despite similar environments. The Neo-Piagetians sought to
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answer gaps or inconsistencies in Piaget’s cognitive linear stage-based development
framework. For example, Case’s (1984) central conceptual structure and Halford’s
(1993) structure mapping focused on cognitive processing structures and capabilities of
learning.
Some researchers have considered the impact of the brain on learning. Significant
results of this effort included Thelen’s (1994) dynamic systems theory (DST), used to
explain human development. Modeled after chaos and emergence theories, DST was
based on the idea that the human brain is dynamic, variable, and context dependent. This
theory indicates that the brain (where learning occurs) is a complex, dynamic system, and
therefore, learning development does not follow a linear form of exponential growth but
rather an emergent system of skills patterns (Gershkoff-Stowe & Thelen, 2004). For
example, when children encounter a situation requiring new skills, they draw upon
previous knowledge and apply it to create the new skills. Over time, these new skills
develop into new behaviors that can be used for continued skill development (Spencer et
al., 2006).
Fischer (1984) extended DST by using a dynamic systems model to describe
individual variability and growth in learning. Fischer’s model, known as dynamic skill
theory, was based on the idea that the learner’s brain is a complex, dynamic system
constantly affected by its context, and therefore, learning and development does not occur
linearly (Fischer, 1984; Lewkowicz & Lickliter, 1995; van Geert & Steenbeek, 2005).
Instead, Fischer (1980) described learning as spurts that occur because of shifts in context
and levels of support. Two types of growth cycles characterize these spurts. The shortterm cycle is a process in which a learner continuously reconstructs units of
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understanding from very simple skill levels to more complicated levels. These short-term
cycles (single, mapping, system) are nested within longer-term cycles, which are
structured into five different tiers of increasing cognitive complexity: reflexes, actions,
representations, abstractions, and principles (Fischer & Bidell, 1998). The overall core
assumption is that there is a skill complexity scale (Figure 1) defined by at least 10 skill
levels. At each level support and instruction can be used as a scaffolding to help the
learner achieve optimal levels of development. With low support the learner develops at
a functional level.
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Figure 1. Skill Complexity Scale: Ages indicate approximate time at which that level
emerges under optimal (high support) conditions, with most skills remaining at a
function level (low support). Tiers are listed on the left and short term cycles within
each tier are listed to the right.
(Note. Adapted with permission from K. W. Fischer).

The skill complexity scale is generally used to characterize growth and regression
(or restructuring) in knowledge building, including effects of context and state on
learning. Researchers have corroborated this model of cognitive development on a
neurological level (Demetriou, Mouyi, & Spanoudis, 2010; Thatcher, 1994). For
example, researchers have developed theoretical structures that integrate neurological
development, social emotional influences, and cultural influences into the developmental
pathway (Immordino-Yang, M. H., 2008; Immordino-Yang, M. H., McColl, A.,
Damasio, H., & Damasio, A., 2009; Immordino-Yang, M. H., & Singh, V., 2013).
Substantiating Fischer’s model, researchers have used precise measurements of tasks to
help delineate the developmental stages detailed in Piaget’s framework (Andrews &
Halford, 2002). Others have mapped parallel brain development (Demetriou, Spanoudis,
& Mouyi, 2010; Nesselroade, 2010). The outcomes of the tasks support the theoretical
structures that Fischer hypothesized. Progression along developmental stages required
increases in biologically driven cognitive constructs such as working memory (a concept
that substantially overlaps the information processing theory of learning; Case, Kurland,
& Goldberg, 1982).
These ideas have had important implications for learning development. For
example, the maturation of cognitive processing speed and working memory could create
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a ceiling in the complexity level of problems a child could handle—although other social,
emotional, and cultural influences (incorporating Vygotsky’s theories) could also
determine this progression within the theoretical limits of biology (Demetriou et al.,
2002). In other words, a child’s brain development might set the upper limit but his or
her social, emotional, and cultural experiences will likely determine how close to optimal
the child will develop.
Additionally, Fischer’s work is particularly relevant for teaching as it significantly
draws on Vygotsky’s (and Bandura’s) social learning theory to emphasize how cognition
and the environment are entwined. Accordingly, “a skill is neither a characteristic of the
person nor a characteristic of the environment but a characteristic of a particular person in
a particular environmental context” (Demetriou, 2006, p. 41). Using this lens, skills
develop based on the student or the environment, and the optimal level of learning
development is achieved when optimal social and environmental settings are present
(Fischer, 1980, 1984). Therefore, “knowledge” is not something to be transmitted as an
object that exists independently. Instead, knowledge emerges through the interactions
between the learner’s brain and his or her context (Battro, Fischer, & Léna, 2008; van
Geert & Steenbeek, 2005). Although teaching theories have yet to fully embrace this
concept of interactive emergence of knowledge, neo-Piagetian influences can be seen in
the current focus on understanding individual student learning trajectories as a core
teaching skill.
Implications for Teaching from Learning Theory
As described, learning theories have developed from simple models of filling
students with knowledge into complex models in which student learning is a dynamic and
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context dependent system. The Neo-Piagetians embraced the complexity within the
stages of learning and increasingly applied tools such as dynamic skill theory to identify
patterns within this complexity (Case et al., 1996; Demetriou et al., 2002; Fischer &
Bidell, 1998). A similar trajectory can be seen in the understanding of teaching. Like
learning, teaching has evolved from simple behaviorist models to more complex,
cognitive models intended to clarify what teaching is and how it happens. These
cognitive models have provided a robust understanding of the individual cognitive
mechanism of teaching. However, the literature on teacher cognition has not yet
integrated an interactive framework of social-emotional cognition and dynamic systems
to create an analogous social-emotional cognitive and developmental theory for teaching
similar to Fischer’s dynamic skill theory.
Teaching Theories
Behaviorist Model of Teaching
Teaching theories have generally been built on foundations of learning theory; the
prevailing assumption is that educators should teach based on how people learn best.
Therefore, the parallels between teaching theory and learning theory are evident.
Behaviorist-centered definitions of teaching focus on the “what” of teaching in the sense
that behaviorists seek to understand teaching by what they can observe, whether that
occurs in the classroom or among animals. Behaviorists have identified teaching as an
act in which the teacher changes his or her behavior to aid a naïve student in acquiring
knowledge or skills (Caro & Hauser, 1992). The teacher gives the student feedback
throughout the interaction. As a result of this interaction, the student learns the
knowledge or skill more effectively and rapidly than would have occurred without the
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interaction. In this scenario, the teacher completes this act while incurring personal costs
and without benefit to him or herself—hence, teaching is an act of altruism (West,
Grifﬁn, & Gardner, 2007). Some have argued that teaching, as defined above, has
evolved independent of learning (Franks & Richardson, 2006; Raihani & Ridley, 2008;
Thornton & McAuliffe, 2006). This definition of teaching is specific to the functional
behavior of teaching, which can be quantitatively tested and observed (Maestripieri,
1995). Notable within this definition of teaching are two features: (a) teaching is an
interaction between two pupils where the student lacks the knowledge that the teacher
possesses and (b) the effectiveness of supported learning.
Researchers in animal behaviorism have argued that any definition of teaching
that includes theory of mind (the ability to consider the mind of the learner) unnecessarily
restricts the study of teaching to humans (Galef, Whiskin, & Dewar, 2005). In a
comprehensive review of the seminal arguments between animal behaviorists and
psychologists regarding the definition of teaching, Thornton and Raihani (2008) stated,
“Definitions based on unobservable cognitive processes are of little use to researchers in
recognizing teaching behavior when it occurs” (p. 1824). Leveraging behaviorist notions
of learning, Caro and Hauser (1992) defined teaching using three criteria:
1. “Actor modifies its behavior in presence of naïve observer.”
2. “Demonstrated cost (or no benefit) to actor.”
3. “Demonstrated benefit to naïve observer.” (p. 166)
Thus, consistent with a traditional input/output model, these criteria indicate teaching is
any interaction by which the educated teacher gives knowledge to a naïve pupil.
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Skinner’s (1961) theory of teaching which encompassed stimulus response
techniques was directly in line with these three principles. Within this framework,
teachers input or transmit information to students, and students learn the information
because they are given positive rewards to do so. . To facilitate this process, Skinner
designed a teaching machine that modeled how he felt the interaction should occur. The
machine was programmed to administer instruction by giving students a list of questions
to answer. The machine provided students with personalized immediate feedback and
new questions based on their responses; correct answers were rewarded to reinforce
outcomes. Skinner believed this process guaranteed student attention, motivation, and
individual instruction. The machines were programmed based on student output, which
guided the questions, rewards, and pace of the machine. Teaching machines were
thought to be useful for teaching content as well as for teaching self-management and
decision making because they trained students how to respond appropriately (Ward &
Davis, 1962). This perspective supported a view of teachers as content experts who
should use operant conditioning tools to motivate students to absorb content. Teaching
machines were unique in the sense that they provided students with immediate
individualized responses and practice, led students to correct their errors, and autocorrected to the pace and amount of assistance required by the learner (Lumsdaine,
1959).
An outgrowth of this model was computer-assisted instruction (CAI), which
became a driving force in the programmed instruction movement of the mid-90s
(Fletcher-Flinn & Gravatt, 1995). Companies such as IBM and universities such as
Stanford partnered to design computer-assisted instructional systems to teach entire
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classrooms of students (Molnar, 1990; Niemiec & Walberg, 1989). Today, the teaching
machine principles remain in effect—many examples of Skinner’s original design can be
found within 21st-century adaptive learning systems (Aaronson & O’Connor, 2012;
Lemke, 2013; News Corporation, 2012; Olster, 2013; V. Strauss, 2013; Wolf, 2010). For
example, the Smartbook, a digital version of a course textbook developed by McGraw
Hill Education is a new adaptive education product designed to adjust to students’
progress as they respond to the information presented to them.
Although Skinner’s teaching machine and its modern descendants in the
computer-delivered teaching programs do not employ a dynamic interplay between the
teacher–student-environment, the concepts are included in the discussion here because
these programs still influence current notions of teaching today (McRae, 2010).
Cognitive Models of Teaching
Teacher thinking. In contrast to the behaviorists’ view, researchers in cognitive
and developmental psychology have developed models of teaching focused on the
teacher’s mind as its core construct. This perspective transitions from “what is
teaching?” to “how is teaching accomplished?” Yinger (1979) conducted an in-depth case
study of one teacher’s planning decisions collected over 5 months. The study had two
components: (a) an ethnographic phase based on 12 weeks of teacher observations and
think-alouds during planning and teaching, and (b) observations of the teacher during
simulation and judgment tasks; the observations were used to elicit the teacher’s
perceptions of her students’ behaviors during class. The study highlighted the use of
executive planning (e.g., meta-routines), internal constructs that teachers use to organize
and sequence all other routines. A detailed description of the teacher’s thought processes
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revealed that teacher planning was used intentionally to control the classroom
environment, which in turn aided the teacher in influencing student behavior. This action
suggests that the teacher was a systems thinker in the classroom; she recognized her
direct impact on the teacher-student interaction.
Researchers at the Institute for Research on Teaching (IRT) at Michigan State
University furthered this early work on teacher thinking (C.M. Clark & Peterson, 1986).
Founded by the National Institute of Education, the IRT generated a comprehensive body
of literature on classroom teacher thinking. Under the umbrella of teacher education, IRT
researchers from educational psychology, anthropology, sociology, and philosophy have
collaborated with public school teachers to produce research aimed at improving
classroom teaching.
C. M. Clark and Peterson (1986) summarized the IRT findings in a review of
research literature on thinking. The review divided findings into three domains:
(a) complexity of teaching, (b) methods of teacher inquiry and reflection on their
teaching, and (c) teacher knowledge. The IRT research group found the complexity of
classroom teaching was reflected best in studies of teacher planning. These studies
showed that classroom teacher planning is a cyclical and iterative process requiring
teachers to adapt to multiple variables, which include learners, school environment,
administrative mandates, outside forces, and teacher abilities. In line with a dynamic
systems approach, teachers often design context-dependent learning tools to teach
students (C. M. Clark & Lampert, 1986).
A teacher’s contextual thinking is constructed by experimenting with actions and
observing outcomes (Clandinin & Connelly, 1984; Lampert, 1985). Therefore, this
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knowledge is situation-specific (Bolster, 1983; Elbaz, 1983; Smith & Geoffrey, 1968).
The situation, or context, shapes all aspects of teacher thought regarding pedagogy,
student interaction, adaption, and implementation of research. Teachers are constantly
experimenting, inventing new actions in response to their environments. In fact, a
teacher’s context can be seen as the tight connection between environment, teacher
planning, routines, and methods. The importance of the teacher’s context—including
self-image and perceptions of the classroom (for example, whether conflict is embraced
or eschewed)—was highlighted in several in-depth case studies in which the authors
argued for the central importance of the unique characteristics of each teacher and his or
her effects on the educational experience (Clandinin, 1985). In a review of the mid1980s era of research on teacher thinking, C. M. Clark and Lampert (1986) concluded,
“The teacher’s job is to produce intellectual and behavioral changes in people who bring
their whole selves to the learning situation and are constantly changing those selves in
interaction with one another” (p. 29). Thus, in the same way they came to recognize that
learning was context dependent, researchers discovered that teaching was also context
dependent (Clandinin, 1985). The teacher-thinking models shifted teaching theories from
observable behaviors toward cognitive processes—a shift that was expanded by cognitive
researchers.
Teacher cognition. As educational researchers were examining teacher thinking,
cognitive developmental psychologists were focusing on a complementary perspective,
which they called teacher cognition. This work is best exemplified by Premack (1991)
and S. Strauss (1993) and their research on the theory of mind (ToM); Premack identified
ToM as a necessary component of human teaching. Developmental psychologists have
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asserted that ToM enables teachers to plan, evaluate, and reorganize their teaching to
meet the needs of learners (S. Strauss, Ziv, & Stein, 2002). In a seminal work, S. Strauss
(2005) offered several reasons to consider teaching a natural cognitive ability of humans,
occurring because only humans have ToM.
Animals do not modify their teaching based on the learner’s ability and progress;
therefore, animals do not possess ToM (Battro, 2010; Heyes; Penn, & Povinelli, 2007;
Premack & Premack, 1996; S. Strauss et al., 2002; Thornton & Raihani, 2008). Teaching
among animals involves simple responses to behavioral cues; animals do not adapt to
individual variation (S. Strauss & Ziv, 2012; Thornton & McAuliffe, 2006). In contrast,
Pearson (1989) described teaching among humans as a process of communicating an
intention to help the learner attain knowledge. This human-specific intention to teach
goes well beyond survival instinct toward a goal of uniting individuals and closing the
“knowledge gap” between them (Frye & Ziv, 2005).
Teacher knowledge. In order to close the knowledge gap between people,
researchers have asserted that teachers require a unique type of knowledge. For example,
Shulman (1987), one of the founders of the IRT Institute, argued that areas of content and
process knowledge needed to be combined. Shulman claimed that a disconnect existed
between behaviorist research, which focused on the “what” of teaching, and cognitivist
research, which focused on the “how.” In a new area of research, IRT researchers sought
to combine both the “what” and “how” of teaching by considering overall teacher
knowledge. This exploration encompassed a larger definition of the “what” of teaching
to reflect the content knowledge and skills embodied by teachers. The broader research
on the “how” of teaching focused on uncovering pedagogy in terms of the content and
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skills teachers needed to master (and transmit), as well as on the knowledge required
about how to transmit content knowledge and skills to students.
Shulman (1986, 1987) defined pedagogical content knowledge (PCK) as the
knowledge teachers use to translate content information for student understanding while
at the same time taking into account the environmental context. PCK allows teachers to
recognize their learners’ abilities so they can modify the learning task to present the ideal
learning situation for the students. Teachers apply PCK when they engage in strategies
that organize and adapt content for instruction of a whole class, small group, or individual
students. With this knowledge, teachers continually adjust their instruction based on
learner needs. This process requires that teachers know both the content and the learner
as well as the best way to modify one for the other.
The influence of PCK on teaching is substantial even today. Shulman’s research
and others who have contributed to the field have argued that pedagogical content
knowledge builds on other forms of professional knowledge and is therefore a critical—
and perhaps even the paramount—constitutive element in the knowledge base of teaching
(Rowan, Schilling, Ball, & Miller, 2001). Many researchers have extended Shulman’s
work in PCK (Cochran, DeRuiter, & King, 1993; Hill, Ball, & Schilling, 2008;
Magnusson, Krajcik, & Borko, 2002), and PCK has become a core construct of major
teaching preparation and professional development organizations such as the American
Association of Colleges for Teacher Education, the National Science Teacher
Association, and the National Council for Accreditation of Teacher Education (Murray,
1996).
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Peterson and Clark (1978) studied teacher knowledge in a carefully implemented
experiment exploring teachers’ context-specific knowledge. Their sample included 12
experienced teachers who taught a 50-minute social studies lesson to three groups of
eight students. All sessions were videotaped, and at the end, each teacher was
interviewed using a stimulated-recall technique in which three segments of videotaped
class were used to elicit the teacher’s pathway of cognitive processing during teaching.
Each teacher’s 90-minute preliminary lesson planning session was also audiotaped and
coded to identify planning statement categories. A battery of student aptitude tests was
conducted before and after the lesson to capture student abilities and responses to the
lesson.
Teachers who focused their planning on instructional processes rather than on
subject matter more frequently reported changing their teaching in response to student
reactions (Peterson & Clark, 1978). These teachers also reported more successful student
outcomes because of this change in their instructional processes. These observations
were strongest in the most experienced teachers, implying that these teachers relied more
heavily on a cognitive methodology than on a content base as the key to promoting
effective, individualized student learning. This approach relied on continuous decision
making by teachers in response to real-time feedback from their students. This rapid onthe-spot decision making was rooted in the teacher’s context-specific knowledge of the
classroom environment and their learner interactions, including their efforts to establish a
context that enhanced student learning (Doyle, 1977; Leinhardt & Greeno, 1986; Morine
& Vallance, 1975; Peterson & Clark, 1978). This large body of research has established
important cognitive domains critical to teaching. However, unlike research on learning,
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research on teacher cognitions has not significantly embraced concepts of dynamic skill
theory.
Neo-Piagetian Models of Teaching
Teaching and dynamic systems. Although research on teacher thinking has
elucidated useful constructs involved in teacher processing, such as ToM and PCK,
teacher processing has not been viewed through the lens of its dynamic nature.
Therefore, the principles of dynamic skill theory presented an opportunity for exploring
the dynamic processing of teaching. Applying dynamic skill theory principles to
teaching frames the research on teacher thinking, cognition, and knowledge as part of a
dynamic developmental skill complexity scale. This developmental trajectory likely
begins when ToM is acquired (around 18 months of age); once the infant as teacher has a
conception of the learner they are trying to teach (Csibra & Gergely, 2011; S. Strauss et
al., 2002). The skill of teaching develops with maturation, possibly in a fashion similar
to the process depicted earlier in Fischer’s (1980) skill complexity scale for learning (see
Figure 1).
From this perspective, the literature on classroom teacher cognition focuses on the
highest order of the potential skill complexity scale. The rapid decision making and other
context-dependent concepts described in the teacher thinking and cognition research
could be viewed as complex systems that may develop in similar bursts and regression
cycles as described in Fischer’s (1980) dynamic skill theory. Further, using Fischer’s
framework, teachers’ abilities emerge from the continuous interaction with their
cognitive contexts, which include their personalities, working environments, experiences,
learners, and potentially, the teacher–learner interactions themselves. Fischer’s skill
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complexity scale helps conceptualize teaching on a dynamic developmental pathway
along which each skill evolves over time. Within this complex system development
depends on contextual factors formed by the teacher, the student, and the environment.
The resulting dynamic, complex interactional representation of teaching opens new
opportunities for how to study teaching.
Social-emotional cognition and interaction. Dynamic skill theory provides a
useful framework for exploring teaching as a interactive, and complex cognitive process;
however, dynamic skill theory does not explicitly incorporate the social aspects of
cognition in its model. Teaching must be socially interactive and so an understanding of
social-emotional cognition should be a part of a framework for understanding teaching.
However, although individuals generally rely on their social-emotional cognitive abilities
to learn, other ways to learn exist as well. Nonsocial learning, or learning in a nonsocial
context, has been studied extensively. For example a recently published comprehensive
collection of research on social and nonsocial learning highlighted the evidence
supporting neurological differences between social and nonsocial learning (Chang &
Isoda, 2014). Nonsocial learning was described as learning in which humans interacted
with computer agents or were given nonsocial rewards such as money (Gariépy et al.,
2014; Lee & Harris, 2013). Research has shown that although the same areas of the brain
were activated when engaging in social and nonsocial contexts, the learning that occurred
in these two contexts was different, and the amount of activation varied—greater
activation occurred when interacting with humans (Krach et al., 2008; Rilling, Sanfey,
Aronson, Nystrom, & Cohen, 2004; Singer, Kiebel, Winston, Dolan, & Frith, 2004).
Although the different neurologic pathways described for social and nonsocial learning

21
were not critical to my dissertation, the evidence for their unique existence supported a
key distinction between learning and teaching and reinforced the overall argument that a
social-emotional cognitive lens must be added to conceptions of teaching.
Social-emotional cognition is fundamentally linked to the ability to develop
mental models of others during interaction. Social cognitive theory states that a person’s
knowledge exists in relation to others (Bandura, 2001). S. Strauss and others have
demonstrated that as a part of natural human development, people acquire the ability to
teach much around the same time they develop ToM, the ability to understand what is
going on in the mind of another human (S. Strauss, 2005; S. Strauss & Ziv, 2012).
Social-emotional cognitive studies have commonly viewed the mechanisms of socialemotional cognition as the processes within an individual’s mind occurring while they
engage in social interaction (Adolphs, 1999; Brothers, 1990; Frith & Frith, 2007). The
focus is on how the individual creates mental models of the other person (theory of mind)
and utilizes those mental models while engaging in the interaction. An example would
be when an expert teacher mentally creates a robust model of his or her student’s mind in
order to guide dynamic interactions with that student (Konvalinka & Roepstorff, 2012).
Social-emotional cognition is difficult to measure empirically because it centers
on an ability to conduct appropriate social interactions rather than on an ability to
describe reasons for those actions. Social-emotional cognition indicates how people
understands others’ emotions, intentions, and behaviors and act upon these elements in a
social setting. Social-emotional cognition has several layers: understanding the other,
understanding with others, understanding the self with others, and understanding the self
in relation to others (A. Clark, 1997; Varela, Thompson, & Rosch, 1993). These layers
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manifest as well-known constructs such as empathy, social perspective taking, and theory
of mind, all well-known skills directly related to teaching. Humans employ these socialemotional cognitive skills to shape human interactions and responses.
Social-emotional cognition can be defined in a general overarching and
interactive manner well suited to an exploration of teaching. An abundance of research
has been published on various social-emotional cognitive skills such as empathy, social
perspective taking (SPT), and theory of mind (ToM). However, my current research has
been situated within the movement to reframe social cognition described by De Jaegher
et al. (2010). De Jaegher et al. described how social-cognitive research has moved away
from a construction based solely on aspects of the individual mind toward a definition
that is inextricably connected to the social interaction itself. Prior research has focused
on the individual’s account of his or her social interactions, consisting of insights into
others’ emotions and perspectives assessed outside of the actual interactions. From this
view of social-emotional cognition, the actual social interaction is secondary and only
provides a context to the individual’s social understanding.
De Jaegher’s (2010) new framework (Figure 2), posited that social interactions
play more than a contextual role, thereby shifting the explanatory lens of the social
interaction. Consequently, social interactions can be enabling or even constitutive, for
example, representing the actual social cognition being invoked. Under the new
framework, social interactions are an autonomous system (e.g., the teacher–student
interaction) that becomes a “co-regulated coupling” and takes on a life of its own (De
Jaegher et al., 2010). From this perspective, the interactional elements of social
interaction (e.g., what is happening in mind, brain, and body during interaction) are

23
critical components of social-emotional cognition and social understanding, on par with
individual mind-derived noninteractive social cognitions (e.g., measures of empathy,
SPT, and ToM derived from recall of the actual interaction).1 In fact, the interactive
aspects of social cognition may in some cases replace noninteractive aspects as possible
explanations for social-cognitive phenomenon. For example, De Jaegher and colleagues
argue that previous observations about mirror neuron plasticity occurring in response to
social interactions have likely been inaccurately attributed solely to the individual’s
understanding of the social interaction instead of being considered a product of the social
interaction itself.

Figure 2. Possible roles played by social interaction in social cognition. The dotted
line represents the point from which individual mechanisms need to be rethought in
terms of the explanatory role of the interaction process.
(Copyright 2010 H. De Jaegher, E. Di Paolo, and S. Gallagher. Licensed under Creative Commons
Attribution 3.0 Unported [http://creativecommons.org/licences/by/3.0])

1

Social cognitions such as empathy, SPT, and ToM all exist in interaction but existing measures of them
are noninteractive (compared to being measured during interaction itself). It is with this understanding that
I label empathy, SPT, and ToM as noninteractive or individual social cognitions throughout my
dissertation.
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This significant shift in the focus of social-emotional cognition research is
embodied in multiple lines of research. These new studies apply various measurement
technologies in new ways to study social-emotional cognition during interaction. For
example, psychotherapy studies using motion energy analysis2 have reported that body
coordination (e.g., psychophysiologic concordance) is associated with session quality
(Grammer, Honda, Juette, & Schmitt, 1999). Simultaneous skin conductance levels (also
known as galvanic skin response) of patient and interviewer have also been used to
calculate psychophysiologic concordance (also known as synchrony in other fields of
research) and compared to social-emotional process measures (Marci, Ham, Moran, &
Orr, 2007; Marci & Orr, 2006).
Dual electroencephalograms (EEG)3 studies have been used to explore other
aspects of social interaction. For example researchers have studied subjects’ coordination
of body and brain while the subjects simultaneously played musical instruments or
performed various tasks such as following someone’s finger movements (Lindenberger,
Li, Gruber, & Müller, 2009; Tognoli, Lagarde, DeGuzman, & Kelso, 2007; Yun,
Watanabe, & Shimojo, 2011). Similarly, dual functional near-infrared spectroscopy
studies4 have been used to reveal the connection between teacher and student brain
responses (also described as synchrony) during a highly specified interactive teaching
task (Holper et al., 2013).

2

Motion energy analysis is a method involving continuous, automated video monitoring of targeted body
areas.
3
Dual EEG simultaneously measures patterns of electrical brain activity from two participants.
4
Dual functional near-infrared spectroscopy (fNIRS) simultaneously measures brain activity leveraging the
attenuation properties of near-infrared light and the differential hemodynamics associated with neuron
behavior.
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This growing body of social-emotional cognitive research has focused on
measuring the interacting participants themselves in real time and is sometimes referred
to as two person neuroscience (Hari et al., 2013). The research influenced the design of
the second study, reported in Chapter 3, in which galvanic skin response synchrony in
teacher–student interactions were measured. Galvanic skin response, also known as skin
conductance, is a byproduct of momentary changes in the conduction of electricity in the
body in response to physiologic arousal.
Synchrony. Measuring the synchrony between individuals is an accepted
approach to measuring social interactions and the role of social-emotional cognitions
during interaction (De Jaegher et al., 2010). Yun (2011) described synchrony as
essentially a coordination of “rhythmic oscillators” ranging from body movements to skin
conductance and even including brain activity (p. 1). Synchrony has been widely studied,
and although its purpose is unclear, synchrony is often thought of as a social selforganizing process (Neda, Ravasz, Brechet, Vicsek, & Barabasi, 2000).
In some studies, social interaction has been measured as an observable marker for
social-emotional cognition.5 The value of studying the social interaction is supported by
prior research indicating that social interaction physically affects both individuals
involved (Fliessbach et al., 2007; Frith & Frith, 2007; King-Casas et al., 2005). This
coupling can be defined as synchrony (of body and/or brain; Hasson, Mir, Levy,
Fuhrmann, & Malach, 2004; Nummenmaa et al., 2012) or collective flow (of mind;
Armstrong, 2008; Salanova, Rodríguez-Sánchez, Schaufeli, & Cifre, 2014).

5

Observable physiologic and neurologic coupling implies social-emotional cognition; however, there is a
level of assumption implicit in these observations. Social-emotional cognition is a fundamentally mental
process, and as such, leaves room for interpretation about what these empirical observations truly indicate.
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Researchers in psychotherapy have long relied on studying the complexities of
therapist–patient interactions rather than on only studying the patient (DiMascio, Boyd,
& Greenblatt, 1957; Lacey, 1959). Techniques have been developed for measuring
psychotherapy processes dyadically to evaluate psychophysiologic concordance (also
called synchrony) in clinician–patient therapeutic interactions (Marci & Orr, 2006). For
example, in one study, researchers sought to investigate the relationship among
psychophysiologic synchrony, patient-perceived therapist empathy, and social-emotional
processes during psychotherapy (Marci et al., 2007). To determine psychophysiologic
synchrony, measures of skin conductance were collected during live sessions from 20
existing patient–therapist dyads. Trained observers compared social-emotional processes
during low and high synchrony. Results showed overall positive interactions and a
positive correlation between sessions with high synchrony and perceived therapist
empathy, indicating that synchrony was correlated with empathy, a highly dynamic and
interactive social-emotional cognitive skill considered critical to successful
psychotherapy.
Although social interactions can occur without synchrony, synchrony between at
least two autonomous agents cannot occur outside of a social interaction (De Jaegher et
al., 2010). Therefore, measuring synchrony of the mind, body, and brain has been used
to characterize social interactions. Studies have reported the synchronization of activity
between two bodies during communication (Anders, Heinzle, Weiskopf, Ethofer, &
Haynes, 2011; McFarland, 2001; Stephens, Silbert, & Hasson, 2010), and more
specifically, during teacher–student interactions (Armstrong, 2008; Bakker, 2005; Battro
et al., 2013).
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Thus, synchrony may be a useful marker of optimal social interaction and a proxy
measure of the hidden social-emotional cognitions that underlie successful interaction.
Applied to the realm of teaching, it follows that synchrony between a teacher and student
would similarly reflect one marker of optimal interactions and be associated with other
measures of successful teacher–student social-emotional cognitive functions. In this
study, I proposed that teacher–student interactions can benefit from being explored in a
similar manner. This project thus represented an early step in what will likely be a
lengthy process of understanding what can be learned about teacher–student socialemotional cognitive capacities.
The Current Research
The following chapters build on these successful earlier studies of dynamic
systems, teachers’ cognition, and human interaction, integrating their content and
methodologies to break new ground in the understanding of teaching. Chapter 1 provides
a description of one of two studies grounded in the dual lens of dynamic skill theory and
social-emotional cognition, in which I explore the social-emotional cognitions of expert
teachers. Specifically, in Chapter 2, I outline my search for aspects of individual socialemotional cognitive awareness among expert teachers (N = 23) using a dynamic skill
theory interview tool designed to facilitate higher levels of cognition (Fuchs & De
Jaegher, 2009).
In Chapter 3, I describe an initial exploratory study in which I sought evidence of
psychophysiologic synchrony (as identified in Chapter 2) between teachers (n = 11) and
students (n = 55) as they worked in 4-5 dyads during a high-support, unstructured task
(Sebanz, Bekkering, & Knoblich, 2006). In the study, I also sought to determine if a
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connection existed between teacher–student synchrony (a dynamic psychophysiologic
marker of social interaction) and the teachers’ posited social-emotional cognitive
awareness, as measured by results from a survey focused on the teacher–student
relationship and social perspective-taking.
From a methodological perspective, the data from the first study of the individual
aspects of social-emotional cognition informed the design of the second study task and
measures, thus enhancing the likelihood that the second experiment would elicit socialemotional cognitions during the teacher–student interaction and that the construct would
be appropriately measured. From a conceptual perspective, individual (noninteractive)
social-emotional cognitions influence what teachers bring to their social interactions with
students. Hence, the teachers’ individual social-emotional cognitions (Study 1) provided
insight into how and why they behaved in a certain way during these interactions (Study
2). Teachers’ ability to leverage their social-emotional cognitions may be useful tools
during social interactions.
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CHAPTER 2
STUDY 1: INDIVIDUAL SOCIAL-EMOTIONAL COGNITIVE PROCESSES
OF EXPERT TEACHERS
Background
The overall framework of individual cognition versus interactive social-emotional
cognition guided the process for selecting the experimental approaches used in Study 1 to
explore teachers’ social-emotional cognition. As described in Chapter 1, in the first
study, I sought to explore the individual aspects of teacher social-emotional cognition,
measured in a noninteractive context. Traditionally, studies in the field of teacher
cognition have sought to understand the practices of skillful teachers by evaluating the
teaching tasks (or practices) and content knowledge of the teachers (Cochran, DeRuiter,
& King, 1993; Danielson, 2010; Hill, Ball, & Schilling, 2008; Lortie, 1975). To achieve
this objective, the methods commonly used for studying individual teacher cognition
have been interviews, journaling, videotaping, and observations. These methods are
typically used to identify teachers’ cognition, including what they know, believe, or think
about their practices and content knowledge. Often the results are then measured against
scales and frameworks of specific aspects or subskills related to social-emotional
cognition, such as empathy, social perspective taking (SPT), or theory of mind (ToM);
(Gehlbach, Brinkworth, & Wang, 2012; Levenson & Ruef, 1992; Marci & Orr, 2006;
Premack & Woodruff, 1978).
In contrast, my overarching goal for Study 1 was to discover and characterize the
social-emotional cognitive capabilities of expert teachers throughout their natural
teaching process (planning, implementing, and reflecting). De Jaegher et al. (2010)
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suggested that “following embodied approaches, social cognition involve[s] the knowhow that allows us to sustain interactions, form relations, understand each other, and act
together” (p. 442). Therefore, measuring the manifestation of predetermined socialemotional cognitive subskills (empathy, SPT, ToM) using methods such as prescribing a
scripted teaching task, conducting an intervention, or assessing student or teacher content
knowledge, pedagogy, or practice would have restricted my ability to collect data on the
holistic social-emotional cognitive capacity of these teachers.
In this study, I did not measure human development; however, I used dynamic
skill theory as a theoretical grounding. Dynamic skill theory is based on the assumption
that cognition is part of a dynamic system of interaction and that its development
increases over time from simple to complex skill levels, based on age, context, and
support (Fischer, 1980). According to a framework in which teaching is viewed as a
developmental and social-emotional cognitive skill, expert teachers theoretically should
embody the most robust levels of these skills. Therefore, a sample of expert teachers was
chosen not to validate them as expert teachers but to increase the likelihood of observing
high levels of the purported social-emotional cognitive skills.
In the pursuit of this goal and to explore possible approaches, a review was
conducted to locate methods used in social psychology, cognition, and neuroscience.
Many methods have been used to measure noninteractive aspects of social-emotional
cognition. Some researchers have restricted their scope to measuring verbal and
nonverbal behaviors on video (Truax, 1967). Others have identified their own (or
others’) feelings and behaviors through journaling, questionnaires (Baron-Cohen, 2004;
Davis, 1980; Gehlbach et al., 2012), or interviews (Mehrabian, 1972; Wellman, 2004).
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Some researchers have required subjects to comment on and write about their feelings
and behaviors while watching videos (Ball & Lampert, 1999; Geher, 2001). The data
collected from any of these methods have been assessed for levels of a specific socialemotional cognitive trait such as empathy, SPT, or ToM. This approach was well suited
to measuring noninteractive aspects of social-emotional cognition.
In this study, the research design was chosen to facilitate an exploration of
individual social-emotional cognitions and teachers’ perspectives (e.g., self–other
awareness) of their social interactions with their students rather than to examine the
social interactions themselves. From the available methods, a cognitive interview
method was selected to minimize the constraints that might be associated with more
directive approaches such as showing teaching video clips. The interview format allowed
the teachers to consider wider ranges and more holistic perspectives of their teaching
processes when reflecting on their social-emotional cognitions. In sum, the format
allowed respondents to consider the broadest definitions of their social-emotional
cognition, a goal directly aligned with the study aims.
As mentioned, a cognitive interview design was selected to explore the individual
components of teacher social-emotional cognition. However, because the goal was to
characterize the perspectives of the teachers’ social-emotional cognition holistically, a
modified approach was needed to account for all social-emotional cognitive skills
simultaneously. While empathy, social perspective taking, and theory of mind are known
social-emotional cognitive skills this cognitive interview was designed to also allow for
other less explored social-emotional cognitions to emerge. As an alternative to
narrowing the task and content to focus on individual social-emotional cognition and

48
intensity, a modification was made to an interview method rooted within cognitive and
developmental psychology to facilitate the exploration of each teacher’s individual
social-emotional cognitions as a whole. The modification is described next.
The Self in Relationships Interview
I adapted the Self in Relationships interview (SiR) method to explore expert
teachers’ awareness of the social-emotional cognitive skills employed in their teaching.
The SiR (Harter & Monsour, 1992; revised for developmental analysis by Fischer &
Kennedy, 1997; see Materials and Methods section) is grounded in dynamic skills theory
and is used to explore human relationships and their complexity. Fischer (1997) revised
Harter & Monsour’s SiR as a microdevelopmental interview to elicit the development of
the subject within the duration of a single task. Leveraging Vygotsky’s (1978) zone of
proximal development, Fischer (1984) argued that with low support, people can reach
only their functional levels of cognition. However, with high support, people can reach
their optimal levels of cognition and thus be able to describe abstract understandings of
systems. To measure these levels, the SiR was designed to begin with a low-support
setting and then transition into a high-support setting, thus promoting the participant’s
movement from functional to optimal cognition. During the low-support condition,
subjects are asked open-ended questions about their self-awareness. In high support, the
task remains the same but the level of support shifts as participants use a specific SiR tool
to support their cognition while engaging in the task. Using the tool, participants rank the
importance and valence of each relationship across multiple linked attributes (e.g. honest,
self-conscious, considerate, etc.); a scaffolding process that supports their ability to
access their peak cognitive capacities when analyzing their relationships.
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The SiR contains two characteristics that make it particularly well suited for
exploring a holistic sense of teachers’ social-emotional cognition rather than for
measuring the existence (and intensity) of a predetermined social-emotional cognitive
subskill (e.g., empathy, SPT, and ToM). First, the interview encourages
microdevelopment by offering low and high levels of support. The interview is rooted in
the theory that with high levels of support, an individual can reach higher levels of
cognitive complexity (optimal versus functional). Cognitive development is observable
within a single experimental session, hence, the term microdevelopment. The task is kept
constant while the level of support is shifted so the subject receives the opportunity to
exhibit higher levels of cognition while completing one task. This characteristic
supported the aim of Study 1 in two ways:
1. The low and high levels of support minimized the relevance of the specific
content of the task. In other words, the SiR approach downplayed the
importance of the exact task and emphasized the level of support offered to
help the teachers describe their full social-emotional cognitive capacities.
This was a useful distinction because the study aim was to describe the
teachers’ social-emotional cognitions holistically.
2. The SiR high-support setting engaged the participants’ optimal socialemotional cognitive capacities. The data were collected at the peak of
cognitive capacity. Because the goal was to understand and explore the
teachers’ social-emotional cognitive capacity, it made sense to create a
situation that allowed the teachers to maximize their social-emotional

50
cognitive capacities, thus revealing the peaks of the teachers’ social-emotional
cognitive development.
Second, the SiR encompassed the element of self-in-relation by eliciting
information on the teachers’ self-awareness. The SiR leveraged the observation that
people are better at describing the self by recognizing how they see themselves in relation
to others (Harter, s. & Monsour, A.; Fischer, K.W. & Kennedy, B. 1997). For this study,
teaching was constructed by the teachers and thus defined as what they did in relation to
their students; this definition made the SiR methodology well suited to the study goal.
I specifically modified the SiR to support the teachers in describing their socialemotional cognitive processes while teaching, from instructional planning through
implementation and reflection. This adapted interview, known in this dissertation as Selfin-Relation-to-Teaching (SiR2T), provided participating teachers with a question to
answer in both low- and high-support environments to help them describe their cognitive
processes regarding teaching.
Typically in a microdevelopmental study, participants repeat the same problemsolving task within one session in order to assess intraindividual variability (van Geert &
van Dijk, 2002). The variability derives from the strategy modification employed by the
participants as they move forward with completing the task. However, a modification in
the interview itself can elicit significantly more complex responses from participants
(Bochner, 1994; Cousins, 1989).
The SiR was adapted for the aims of the current study to encourage a cognitive
shift in the teachers’ task performance (e.g., their social-emotional cognitive awareness).
The task (an open-ended question) remained constant from high to low levels of support.
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However, during the high-support condition, participants were given the adapted SiR tool
for teachers to use in preparing their responses. This adapted tool enabled the teachers to
answer the interview question with significantly more complex responses (Fischer, 1980),
thus facilitating observed peak performance of their social-emotional cognitive skill of
teaching.
Development of the SiR2T
This adapted interview, known as SiR2T (see Appendix 2.1), was designed using
a multiphase approach consisting of four steps: (a) searching the literature for studies on
teaching concepts (teacher cognition, thinking, and knowledge), dynamic skill theory,
and the SiR to create a prototype SiR2T interview protocol with tool (version 1);
(b) consulting and refining in iterative fashion with practicing teachers (n = 8) to modify
the prototype SiR2T (version 2); (c) conducting two rounds of pilot interviews with
teachers (n = 9 and n = 10; version 3); and (d) refining the final interview protocol with
tool by incorporating the pilot teachers’ feedback, thus creating the final SiR2T (version
4). The final SiR2T (version 4) provided participating teachers with both low- and highsupport conditions for describing their cognitive processes of teaching.
The intent of Part I (low support) of the interview was to record the teachers’ first
reactions to the concept of their individual social-emotional cognitive processes without
directing the teachers toward specific topics to address. Significant research on teacher
thinking has shown that planning and reflection is an important aspect of teacher
cognition (Leinhardt & Greeno, 1986; Peterson & Clark, 1978); therefore, the interview
question was designed so that the teachers would not merely discuss what happened
when they were “in front” of the classroom teaching. By design, this low-support
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situation yielded functional performance data and served as a priming exercise for
participants as they considered the full spectrum of their teaching processes (from
planning through reflection). Priming the teachers to consider their processes helps them
be more situated within their context and thus more likely to provide robust descriptions
of their self-understanding (O’Connor, 2008; Urzúa & Vásquez, 2008).
Part II (high support) of the interview leverages the SiR2T tool (see Figure 3),
which consisted of an initial speculative set of teaching characteristics drawn from
literature on cognitive science (Aoki, Funane, & Koizumi, 2010; Battro, 2010; Battro,
Fischer, & Léna, 2008; Passingham, 2008), developmental and cognitive psychology
(Karcher & Fischer, 2004; Premack & Premack, 1996; Strauss, 2005), biology (Caro &
Hauser, 1992; Thornton & Raihani, 2008), and teacher education (C. M. Clark &
Peterson, 1986; Wilson, Shulman, & Richert, 1984). Participants were asked to revisit
the question in Part I; however, this time, I guided them to use the SiR2T tool to
encourage deeper reflection on their teaching when preparing their responses (see
Procedure section below for details). The intent of this interview was to use scaffolding
to encourage deeper thinking and greater analysis by participants during the high-support
condition (Fischer, 1980). According to dynamic skill theory, this process should
facilitate participants’ ability to reveal more complex thinking about their teaching.
The SiR2T facilitated the teachers’ ability to deeply reflect upon the full capacity
of their individual social-emotional cognitions. These cognitions could then be
characterized. Using this methodology, I sought to answer the question, “What
individual social-emotional cognitions emerge from expert teachers during an adapted
dynamic skill theory cognitive interview?”
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Figure 3. Self-in-Relation-to-Teaching tool (SiR2T).
Note. Adapted from Fischer & Kennedy, 1997
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Materials and Methods
Sample and Setting
A convenience sample of expert teachers was recruited from Harvard Graduate
School of Education’s (HGSE) research schools and other schools across New York and
Massachusetts, including a range of school types, philosophies, settings, and
demographics. Because there is no widely held definition for expert teacher, the study
used a multilayered process to identify the sample. First, a preliminary list of candidates
was generated based on the endorsements of administrators, educators, HGSE professors,
parents, and students. From this list, those who met the following criteria were included
for final consideration. Each participant was required to have (a) active classroom
teaching status, (b) at least 10 years of classroom teaching experience, (c) support from
their administrator (in the form of a written letter), (d) satisfactory school attendance,
(e) satisfactory student test score data, and (f) a self-reported love of teaching. The final
list consisted of teachers who regularly engaged in their own continued learning through
professional development courses, graduate courses, and/or personal goal setting and held
leadership positions at their schools or external institutions of education (e.g., department
chairs, adjunct teaching at university level, or supervisory or coaching roles). These final
candidates were contacted by e-mail to identify those interested in participating in the
study.
First, those teachers who expressed interest were observed and assessed using the
Classroom Assessment Scoring System (CLASS), a validated observation instrument
developed to assess classroom quality that is administered by certified observers.6 The

6

I am a certified Pre-K through secondary level CLASS observer.
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CLASS tool was selected for two reasons: (a) the tool is based on the theoretical idea that
teacher–student interactions are the primary driver of student learning, and (b) the tool’s
observation rubric and underlying dimensions are entirely based on teacher–student
interactions (Hamre & Pianta, 2009). The CLASS observation system categorizes
teacher–student interactions into three domains (emotional support, classroom
organization, and instructional support) each with nested dimensions and further nested
indicators (Hamre & Pianta, 2007; Pianta, 2006). All CLASS data were derived from
observations of the teacher–student interactions. Using this system, the teachers who
achieved a high average score (6 or7 on a scale from 1 to 7) across domains were
included in the final study sample.7
The sample consisted of 23 participants whose subject areas included core
curricula, visual and liberal arts, vocational areas, and computer technology. The sample
included five lower-elementary teachers (pre-K–2; one teacher taught a combined parent–
toddler class), three upper-elementary teachers (grades 3–5), four middle school teachers
(grades 6–8), six high school teachers (grades 9–12), and four graduate-level professors.
Nine teachers taught in public school settings (four suburban and five urban; two of these
schools were charter schools). Ten teachers taught at private school sites in suburban
locations. School philosophies ranged from nontraditional progressive schools (including
Waldorf) to no-excuse charter school sites8. Graduate professor sites ranged from Ivy

In order to reach inter-rater reliability, I served as the primary observer and hired a certified CLASS
observer as the secondary observer.
8
As defined by Cheng et al (2015), “The United States’ most famous urban charter schools typically use
the No Excuses approach. Enrolling mainly poor and minority students, these schools feature high
academic standards, strict disciplinary codes, extended instructional time, and targeted supports for lowperforming students” (p.1).
7
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League institutions to community colleges. Fifteen schools were included in the study.
Participant consent was obtained according to IRB-approved procedures.
Procedures
At the time of the scheduled interview, participants received Part I (low support)
of the interview. Responses were given in free-form writing (one to two paragraphs) and
e-mailed back to me. Upon receipt of completed Part I responses, a second e-mail was
sent to the participant, titled “Part II interview,” which included the SiR2T tool with
instructions. Participants were told to have the SiR2T tool in front of them throughout
the interview. Following delivery of the email, I initiated a phone or video call to
conduct the Part II interview, the high-support setting. Each interview was audiorecorded and transcribed for record keeping.
As previously shown in Figure 3, the SiR2T tool consists of three concentric
circles on one sheet of paper. The circles are labeled most important, less important, and
least important, moving from the center circle to the outer. Below the circles are four
boxes containing the proposed teaching characteristics. Each category (self, personal
context, skills, and external influences) contains four to five potential characteristics (for
example, humor, confidence, and empathy were listed under self). The teachers were told
that the words were specific to their private selves, not to their students or to their role as
teachers. Participants answered the same question (“What are you focusing your mind on
throughout the process of teaching”) and asked to place the words within the three
concentric circles. As they described where to place each word, I acted as a scribe and
filled in the document for them. Participants moved among the words at will without
following specific criteria but were asked to use all of the words eventually. Throughout
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the process, participants were encouraged to expand or explain their choices. I asked
questions to clarify responses when necessary. Participants were then prompted to
review characteristics they had grouped together and discuss whether they felt some
characteristics connected to each other. Participants were then asked to compare their
initial low-support response from Part I with their high-support response from Part II to
note anything that they wanted to add or address.
Data Analysis
Interview data were coded using traditional qualitative coding methods to create a
range of emergent themes summarizing what the teachers focused their minds on
throughout their teaching process (Charmaz, 2009). Emic coding was utilized because it
allows researchers to discover patterns of thinking that are not predetermined, yet are
significant to understanding the phenomenon in question (e.g., teachers’ understanding of
their individual social-emotional cognitive processes during teaching; Charmaz, 2009;
Thornberg & Charmaz, 2012).
In order to reach inter-coder reliability, I served as the primary coder and hired a
doctoral student who was experienced in data coding and analysis as a research assistant
to serve as the secondary coder. To maintain objectivity and avoid confirmation bias,
both coders listened simultaneously to all 23 audio-recorded interviews and
independently detected statements and actions requiring codes for each. Coders did not
interact or share each other’s notes while listening to the recordings. For the first third of
the interviews, the coders independently proposed themes and categories. Then, coding
was halted while the coders discussed emergent themes and categories and consolidated
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overlapping categories until they reached agreement on a single list of codes, which was
compiled into the coding manual with decision rules to guide the next phase of analysis.
The remaining two thirds of the transcripts were coded according to the themes
and categories identified during the initial emic coding. Any uncoded recurrent themes
that emerged during this portion of the coding were continually incorporated into the
codebook. Themes unique to the individual teachers were separated from the rest. As
primary coder I then drafted a detailed memos that included overviews of each teacher,
descriptions of the different themes pertinent to that individual, and direct quotations
exemplifying each theme. Direct quotations were labeled with relevant category
descriptions within each theme (Charmaz, 2009).
Counterexamples for the different themes were identified and included in the
memo to minimize confirmation bias (Kuhn, Amsel, & O’Loughlin, 1988). The second
coder reviewed the memo draft and made edits that confirmed, contradicted, or
challenged the initial account of the coding discussion. This process continued for each
teacher’s data until final agreement was reached on the memos. Upon completion of all
transcript coding and final memos, analysis across all memo documents was finalized to
refine the themes, categories, and supporting quotations. I assigned fictitious names for
the participants to protect their anonymity (Thornberg & Charmaz, 2012).
Results
Overall Findings
The central research question was, “What individual social-emotional cognitions
do expert teachers ascribe to their teaching process?” Five overarching themes emerged
as the key individual social-emotional cognitive awarenesses of the expert teachers:
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(a) awareness of learner (AoL), (b) awareness of teaching practice (AoTP), (c) awareness
of context (AoC), (d) awareness of self as a teacher (AoST), and (e) awareness of
interaction (AoI). Within each theme, several categories were identified, as outlined in
the following paragraphs.
Awareness of Learner
Teachers having an awareness of their learners (AoL) was a dominant theme
across the interviews. This theme encompassed three areas: (a) feedback, (b) needs, and
(c) development. These areas of focus helped the teachers achieve greater understanding
of their learners.
Feedback leads to understanding. The teachers repeatedly explained how they
taught based on an understanding of their learners and how this understanding was
shaped by their ongoing feedback loop with their students. The teachers explicitly
described acquiring feedback, both intentional and unintentional, from their students in
order to know how to proceed in teaching them. The teachers described intentional
feedback as instances in which their students actively informed the teacher of their needs
or understanding by raising their hands and asking for help. Several teachers described
instances of unintentional feedback. Unintentional feedback consisted of reading
students’ body language to determine students’ cognitive understandings and moods.
For example, one high school technology teacher (Bob) described how he read
both intentional and unintentional feedback that students conveyed. Bob stated bluntly
that his job was “to understand [students’] minds. It’s all questions and answers,
questions and answers.” His ability to form a theory of mind for his learners was
bolstered by the dialogue and interaction he engaged in with them. Although he received
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intentional feedback during dialogue with students, he noted there was much to
understand in the unintentional feedback woven into that interaction. Bob explained,
If I can’t tell the difference between a question that has validity to the student[s]
themselves, and if they’re just asking it because they think they’re supposed to
ask it, I’m not doing my job right. And if I don’t, if I come to a situation where I
can’t explain it, then I better be asking the kid, or I’m in trouble.
Bob was aware of the unintentional feedback he received from students; however, if he
was unable to understand this feedback, he asked the students directly for feedback.
Bob’s ability to consider the difference between a student who was interacting
authentically or acting in response to peer pressure and expectations explicitly shows his
attempts to understand students’ identities.
Understanding the learner’s needs. The teachers described how they focused
on the learners’ needs to form a more complete picture of what students know and what
they can do individually and collectively as a class community. The teachers tended to
focus on learners’ needs specific to classroom situations and in a holistic vision of what
learners needed beyond the classroom. The teachers also noted the importance of
attending to what students needed to be doing after they left class. The needs they
highlighted ranged across multiple spectrums, from physical to social-emotional needs,
from individual to class-wide needs, and from present to future needs.
While discussing the physical environment of her classroom, Meredith, an
elementary teacher, seamlessly wove in a recognition of the physical space with her
understanding of her learners’ emotional needs. She described an intuition of “knowing
when a child needs space and knowing when a child needs you to move right in and be
close.” The teachers described space as both physical and emotional; students needed to
have their physical environment exist in a certain way so they could become confident
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and secure in using it. Using a sense of the students’ internal thoughts and feelings, the
teachers described how they made judgment calls about whether a student needed
independence or support in either the physical or mental space.
Carla, a middle school teacher, highlighted the importance of understanding the
present and future needs of her students. Carla stated,
As a special needs teacher, it’s even more so because in middle school, kids that
have any kind of a learning challenge or learning disability already are
uncomfortable about having difficulty in school. And then in middle school, they
don’t want to appear different so you sort of have the double whammy. So, it’s
important that they have the validation that even though you have this learning
challenge, this learning disability, you can still be successful.
Carla also shared that her students had tangible, physical needs for food and shelter. She
admitted,
You realize some of these kids need a pair of gloves because they come into your
classroom and their hands are all chapped and cold…The kids have been sneezing
this week, [so I] know we’re gonna run low [on tissues] by Thursday. You know,
keeping snacks in your classroom because some of your students are too
embarrassed to get their free breakfast. [This] has nothing to do with
education...in the classroom. That’s just meeting a basic human need.
Thus, observing the physical needs of students was a recognition of the reality of the
factors that affected a child’s capacity to learn and could eventually affect the entire
class.
Caitlin, a high school science teacher, spoke of the struggle of finding the balance
between an individual student’s needs and the needs of the class as a whole. She asked,
How do you deal with a kid who’s completely disrupting the classroom and you
know why the kid is, you know the kid has a terrible history with alcoholism in
the family. So, you understand that but you wanna protect the other kids in the
room.
As an advanced placement science teacher, Caitlin said it was not the content knowledge
that was difficult after so many years of teaching. Rather, she felt her greatest efforts
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were spent on managing the macro- and microlevels of needs that existed in the
classroom.
The impact of student development on learning. Multiple teachers indicated
the importance of acknowledging students’ developmental trajectories and abilities as
part of creating a complete understanding of their learners. This included an
understanding of anything that affected the students’ learning and how they, as the
teacher, personally worked toward developing their students’ abilities. Commonly cited
developmental areas included classroom-based skill development as well as macrolevel
child development needs. The focus on development encompassed multiple target areas,
including (a) the learner’s progress, (b) the learner’s present and future developmental
trajectories, and (c) the learner’s overall developmental abilities.
For example, Alexis, a high school history teacher, described the complex nature
of discerning students’ developmental abilities by understanding the abilities in relation
to other students’ abilities. Alexis stated that in order to help a student develop, “you
have to have that sense of where they are as the student.” At first, she began by
understanding the individual student, but then expanded her understanding to encompass
the student in the context of the class and the wider context. Alexis looked for the
tangible signs of development evident in behaviors and interactions in class. She
explained it as “figuring out who a certain student does really well with, and another
student [who] might do better in conversation or seminars.”
Alexis described a process of beginning to form theories of how students interact
with others as well as developmental predictions for how they will best interact with new
content and skills taught in class. She further shared that this was something she did for
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individual students as well as for the whole class. She described it as “picking up on
trends in a whole class.” She explained that this process of understanding both students’
behaviors and cognitions individually and in the larger developmental context was
important to being able to support student learning.
Andrea’s description as a pre-K teacher was similar. Andrea shared that she
began to form theories of her students’ developmental abilities by evaluating and
teaching each child as an individual. She said,
It’s my sample, right? I’m really teaching to each individual child. I’m not doing
a worksheet, and every student gets the worksheet, and I’m evaluating them that
way. I’m evaluating them with their daily interactions with the work. And so for
a particular student, it might be that he uses three words in a sentence each day,
and the next day, he uses four words in a sentence. Or for the next two weeks, he
uses five words in a sentence, you know, in a phrase. And so, I’m like, “Okay,
he’s just moved from that, like he’s so much more verbal.”
In this example, Andrea used her observations of an individual student’s interaction with
the class and materials to see how he was developing his present verbal abilities and to
estimate his future trajectory.
Awareness of Teaching Practice
All the teachers in the study explicitly reflected on their own teaching practices.
The teachers often spoke of what they believed was working or not working in their
teaching. They reflected on the actions, routines, decisions, and thoughts that comprised
their teaching. This included long- and short-term planning, continued learning, and
strategies to create routines and curricula. Some descriptions were clearly more tangible,
such as engaging in the physical action of creating routines, organizing the classroom, or
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planning curricula. Other more intangible actions focused on cognitive processes,9 such
as creating a classroom culture, practicing a systems-thinking approach, or maintaining
flexibility and engaging in on-the-spot (also called online) decision making. Along these
lines, two categories emerged within this theme: (a) tangible practices and (b) intangible
practices. Most significant was the teachers’ ability to explain their actions and to
describe the thinking behind these actions. This ability identified these descriptions as a
marker for their awareness of teaching practice (AoTP). Therefore, the decision rule
adopted for this study was applied as follows: In order to distinguish between a simple
description of the teachers’ values or their efforts to address learner needs, the awareness
of teaching practice designation was applied only when the teacher discussed how they
were enacting teaching by describing the “how” and “why” behind their actions.
Tangible practices. The teachers tended to speak easily about the tangible
practices they leveraged to perform their teaching. Most common were descriptions of
the routines and organization used to plan and implement lessons as well as to maintain
the physical space in the classroom. The teachers explained the differences in planning
curricula for long- versus short-term development of learning or teaching. For example,
Maggie, a high school history teacher, stated,
I teach a class year after year, but I’m really organized. And I keep these certain
rules of what I do. And I think that’s really an important part of my process…[I]
really can’t stand trying to figure out what you’re gonna do in class tomorrow or
the next day. I really like to have a really clear idea, but it takes work and
planning to do that. But that’s important to me.

9

This is not to suggest that creating routines and organization does not require cognitive processing.
Rather this is a rough delineation of behaviors that are tangible (which lend themselves to observable
outcomes such as classroom organization and lesson plans) and those that are intangible (which require
teachers to describe their thoughts in order for an outside observer to understand what they are describing).
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Maggie’s process of routines, organization, and long- and short-term planning were what
she needed to do as part of her teaching. She was quite explicit about this being a part of
her teaching practice rather than something that she did for the benefit of the learner.10
Anthony described his tangible process of planning:
[I] look at the materials that I have. I think about projects that I’ve had had in the
past, in books, in other classrooms, and then I sort of combine it. Within the halfhour time, probably in the morning till midday, I get this process of looking
through books, looking through what they’re able to do, what materials I have,
and then taking all that information and then creating the project that’s gonna
work, for them that day.”
Although at the time of this study, Anthony and Maggie had over 15 years’
experience each, the tangible products of their curricula planning and the time it took
them to create their daily lessons were quite different despite apparently using similar
thought processes. Although both teachers were able to point to tangible outcomes of
their teaching practice (e.g., curriculum plans), I determined they had AoTP only if they
could describe the thinking behind the observable product.
Another type of tangible organization that the teachers discussed was the design
of their classrooms. Like Maggie, Andrea shared that her organization and routines were
designed by first thinking about her students. Andrea offered an example of her thinking
by describing a time when a student wanted to build a Zen garden:
You know, it may be something that they would like to make a Zen garden and
[they say] I need sand, rocks, and like a little rake,’ and I’m like, ‘Okay, well,
where can we find that?’ If every child knows where everything goes, and…
everything has a place, then they’re not necessarily coming to you. They
[emphasis implied in transcription] are finding it, they have access to these things.

10

This is not to suggest that this practice does not also benefit the learner. Rather, this statement clarifies
that what the teacher described was something she personally needed to do to feel prepared.
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Thus, Andrea’s physical organization, classroom routines, and planning helped her
students independently retrieve the materials needed for their self-motivated project.
Rather than continuing a cycle in which her students believed they needed her to do
everything, she empowered them to retrieve the materials they needed independently.
Her description highlighted how the tangible product of a well-organized, student
accessible classroom was thoughtfully designed to support the confidence and
independence of her students.
Intangible practices. The teachers described teaching practices that were less
observable or intangible, yet significant to their success. When describing important
aspects of their teaching practices, the teachers referred to the development of both
classroom and teaching cultures. Of particular interest were detailed examples of the
teachers engaging in systems-thinking approaches when describing the effect of and on
individual and classroom dynamics at both macro- and microlevels. The teachers did not
offer tangible outcomes or observable behaviors to explain this practice. Instead they
described their ability to understand the unintentional feedback (nonverbal) they received
in relation to their teaching practices. In addition, the teachers described how they
formed an individual culture of practice through continued learning, skill building, and
content development.
Some teachers noted that part of creating a classroom culture involved
understanding when the mood of the classroom had shifted, how that shift affected others
in the room, and how they should address the shift in mood to move toward a successful
teaching interaction. For example, Maggie said,
Definitely, there was something going on. And it could have been [that] maybe
somebody just had a fight or maybe they just had some bad news from another
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teacher or what not, but I modified my lesson, and then, you know, privately
spoke with the kid...it wasn’t really that big a deal but it was definitely something
going on there.
During her interview, Maggie explained that her lesson was organized and well planned
after having gone through years of revisions and modifications. She had no tangible
evidence to prove why the lesson was not going well. Instead, she explained how she
assessed the classroom as a whole and recognized that something was wrong. Her
macrolevel assessment was that the whole class was “off”; however, on a microlevel, her
insight was that it was attributable to one student in particular. Although she identified
no specific misbehavior, Maggie was responding to nonverbal cues from the classroom
and from one student in particular. This was evidence of Maggie’s ability to be a systems
thinker, demonstrating how she recognized the elements of the system: the individual
student, the impact on the class as a whole, and her own ability to shift as necessary. Her
ability to recognize these independent systems and their effects on one another caused her
to shift her lesson plan. However, Maggie noted this is not always the result:
Sometimes you have to just push through depending on where you are in your
planning. I think intuition is really important. I think it’s just having your
antenna up a little, for mood, for emotion, for a sense of being overwhelmed, for
your home [base]. Evaluate your own performance, like paying attention to all of
that, and responding to it. I think it’s really, really important.
Maggie not only described this process as checking in with her students, which is a clear
indication that she has an awareness of her learners, but she also used this process to be
more aware of her teaching practice. For example, Maggie felt she had an intuitive sense
of the climate in her classroom. When something was not going well, she might react
physically, such as talking to a student or modifying a lesson. She might also react to
other intangible aspects of the classroom, such as climate and emotion.
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This ability to recognize the culture of the classroom on both macro- and
microlevels was apparent in several of the teachers’ descriptions. For example, Liz, a
middle school humanities teacher, shared, “It’s important, I think, for children to
understand what is going on in the world, and understand that they are a microcosm of
that, to be able to understand events outside of themselves impact [sic] our lives.” This is
an example of systems thinking by a teacher who was trying to help children learn this
same type of systems-thinking processing.
Similarly, Meredith offered evidence of being a systems thinker:
[I] have a lot to contribute in meetings of my colleagues because, I’m able to hold
one person’s idea, connect it to mine and then, launch a question that other people
might be interested in. So, in that way, I feel like I have the great curriculum web
is in my head and it’s solid.
Thus, Meredith demonstrated complex thought processing by keeping multiple parts in
her head while forming new ideas and sharing them. This systems-thinking process was
similarly evident when Peggy described the rhythms of her pre-K classroom:
[I am] hugely organized, and big on routines. So, that is a huge factor when I’m
putting together a classroom. [I’m] like a director and it’s a show, it’s a play, and,
there’s rhythm to the ear. Routines are huge for me. I think they’re really
important for the kids, and for me as a teacher, I thrive on them. I think about it
in, in terms of when we planned for the week or we do a long-term plan, so I look
in my book and I see all the rhythms of the day, you know, in how kids come in
the morning, how families come in, in the morning and that energy. It sort of
waxes and wanes through the day, and how we have to create that each day, five
days a week and I kind of deal with it, parts of the year, and I will count up, and
I’ll be like, “Okay, we have this much time ‘til Thanksgiving,” or we’d have,
“This is gonna be a hot-spot time for kids.” “Oops, here comes the holidays.
Here’s what I know happens,” you know, and being able to sort of write all about
that, takes again, experience to go through these... [This] is where it hit. It’s very
like mammals…this is the time, at least, in New England where we seem to be
slowing down; it’s September. [The] importance of know[ing] the rhythms of
being human, and how much kids can handle in a day or... Like, for instance, our
last two weeks, our schedule has been so wonky, and it’s hard on these kids, and
it actually feels really... Like, it’s so tender to me when their schedule is off
because I feel like it’s nourishment for them as they are learning, that things were
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staying sort of the same and they have consistency. And when they’re not. This
[schedule change] isn’t developmental. This isn’t for them. This is for all this
other stuff happening. This is for our current organization and the institution and
actually not for the kids. This special event here, this special event here, this and
this. And so, when, in planning and trying to put the week, or weeks together, or
months, I’m very affected by that stuff. The rhythm is how the students come in
each day, where we are in the calendar, how the schedule plays out and how
parents are involved. These all have a role in whether the students are being
nourished.
Teachers who are systems thinkers pay attention to the patterns and sequences
within their context to create a comprehensive understanding of their teaching. Taking
her teaching environment as a whole, Peggy was acutely aware of the larger system that
she and her students were part of and how shifts in that system affected the classroom
culture. Earlier in the interview, Peggy shared the tangible routines and organization that
she used in class. However, in this discussion, she spent time describing how the rhythm
of her students, their day, the school calendar, and season determined how she scheduled
this routine. Peggy described the micro- and macrolevels of understanding that she had
for her own feelings and for the students. Recognizing the development of her individual
teaching culture, she described her frustration with the school’s repeated schedule shifts
and noted how the situation undermined the nourishment of her learners. Apparent here
is how the development of Peggy’s classroom culture grew from her ability to utilize a
systems-thinking mindset to understand how micro- and macrolevel dynamics affected
her teaching practice. She further explained how she continued to develop her personal
teaching culture:
When I don’t have access to [continued learning], I feel like my brain starts to
kinda get bored. And, I’m, I don’t know if this is age or what, but I, I wanna keep
taking workshops, or I wanna go to Haiti and I wanna see what is the education
like there. I wanna keep, I wanna meet with other teachers, you know. I wanna
learn how to be a CFG coach, so I feel it all impacts [sic] who I am in the
classroom, when I’m getting that enrichment myself, so that’s high for me.
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Peggy was very clear that her own skill building and content knowledge were essential to
her teaching practice. This was true for all teachers in the sample. These experienced
teachers described how they processed years of professional development courses and
worked them into their practice. For example, Anthony, a middle school art teacher,
stated,
I may be a little bit different than some people ‘cause I have to write the notes
down or draw pictures with them to be able to sort of take it into my system and
remember it in a different way. When I write the notes down, it’s sort of
solidifying the words that are happening in professional development when the
speaker is speaking. And then, in turn, I can go back and look at those and then
use what or take some of that or what I can use in the classroom. And that
automatically, because I can see it and I heard it, becomes something that
becomes part of my sort of psyche and I can then translate that into a classroom or
into my practices.
Overall, these practices leveraged the teachers’ ability to recognize and affect the
dynamic systems involved in teaching in areas such as developing a teaching and
classroom culture. These teachers described how they identified nonverbal cues at both
micro- and macrolevels. Although the teachers did not mention tangible outcomes or
observable behaviors, their detailed awareness of their cognitive processes clearly
explained their teaching practices.
Awareness of Context
An awareness of the context (AoC) refers to the teachers’ acknowledgment of the
full scope of the external environment and how it affected the instructional space. This
theme reflects factors existing outside of teachers’ ability to control. Comments about
the physical space that the teacher could control, such as the organization and design of
the classroom, were considered part of the awareness of teaching practice (AoTP).
Awareness of context involved descriptions of how external factors affected student
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learning (e.g., physical space, relationships outside of the direct interaction, school
philosophy). These factors were organized into three categories: factors that affected
students, factors imposed by the institution, and systemic factors that occurred at multiple
levels.
External factors affecting students. External factors affecting students included
consideration of how issues such as family, income, weather, or current events affected
teachers’ practices. Bob emphasized these factors when he described how he tried to
understand why a student was struggling. He shared his thought process:
You know, where is the kid from? What’s their culture? What kind of culture did
they grow up in? Broken family? We have lots of those. Grow up in the inner
city? Do they have to have these attitudes because they have to protect
themselves?
With this comment, Bob exposed his inner thoughts related to trying to understand how
the external context of this student affected how the student engaged in classroom
learning. Bob admitted that the relationships that students had outside of the classroom
had a direct influence on what happened in the classroom. He said, “You know, there’s
lots of different reasons and explanations for those things. That’s what causes me to leave
them out of the classroom, ‘cause I don’t know.” In Bob’s position as a boarding school
teacher, he noted he did his sleuthing outside the classroom; however, upon reflection, he
realized that his investigations were really in support of what he was able to do inside the
classroom when teaching his students. Although this activity clearly tied directly to an
awareness of the learner, his comments included factors that were well beyond the scope
of the classroom, such as broken families or living conditions. As with all of the
awarenesses, no finite separations exist between the categories; however, the
categorizations discerned in this situation revealed Bob’s ability to recognize what he
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could directly address in the classroom through his teaching, separate from the external
factors he could not control, even though these uncontrollable factors affected learners
and his ability to teach them.
Jonah, a college professor at a small affordable nonprofit college, echoed the
importance of external factors that affected his students. He described instances when a
student’s family income had affected his ability to teach:
There could be school-wide decisions, like the school decides to raise the tuition.
We have a lot of students who are very poor and so that is a real strain on them,
especially having to pay... It’s not like we’re community college rates, we’re... as
compared to many colleges very affordable but colleges are known to be
expensive so that’s a very relative thing to say. So if as a school, we choose to
raise our tuition, that might be something that personally is very frustrating to me.
It’s something that I know is going to cause our students to struggle, and that I
will see potentially a day-to-day [student] struggle with that.
Jonah knew that although this tuition increase decision was not his or the students’
decision, it would affect his ability to teach because of how raised tuition rates negatively
affected the students’ ability to learn. Although this factor occurred outside of those
classroom interactions, it still had significant impact.
External institutional factors. The above example highlights the impact on
students; however, the example also shows the importance of institutional factors.
External factors imposed by the institution emanate from many places, for example, the
school’s educational philosophy, the school’s resources, and the school’s expectations.
Resources include classroom materials, space, and building facilities, as well as faculty,
staff, and even the characteristics of the student population. Jonah discussed how the
physical space in which he taught affected his ability to practice effectively. As a
graduate professor, he was not able to design the class space that he shared nor was he
able to renovate the quality of the space.

73
[I was] working in a computer room this term while the students are working on
[old] machines. And so when a computer is very, very slow to boot up or when
the internet becomes very slow or stops, I thought it would be a huge focus and
then all of my teaching focus at that point goes to essentially just try[ing] to keep
people moving forward doing something while we sort of encounter these
technical difficulties. Doing my best for them to try not to let them feel like that
reflects badly on the school in some way. I don’t want them to think of their
school as sort of second rate or cruddy because we don’t have nice things. Even
though, at the same time, I would be internally thinking, ‘Man, I wish our school
had nicer things.’ That really sucks that it can be so cruddy in some of these
ways. I don’t think you’re really... I mean, nobody wants to think they’re going to
school in a cruddy school, so I think it’s important to try to not encourage that
type of thinking in the students because if you get the students to think that their
school is cruddy, why would you really wanna do your best in a place like that?
It’s definitely something that comes up.
Thus, Jonah explained the difficult balance he maintained in being aware of the context
in which he taught. On one hand, he wished to validate students’ disappointment with
the quality of the school and its equipment; on the other hand, he also understood that
students did not want to feel as if they were in a low quality school. This struggle had
enormous impact on his entire teaching process as he attempted to produce quality
lessons while feeling the institution he worked for lacked quality.
Resources were not the only important institutional factor. Bridget, an elementary
school teacher, credited her principal and director as being significant factors in the
success of both teachers and students at her school. Bridget stated,
I think that is one of the main reasons why this community is so successful. I
always refer to other people as my school community because it is really a very
cohesive group of people. But the reason why that it’s able to be that way is
because the director of the school here is just very approachable. He is one of the
main reasons why I think that a lot of people stay at the school because you feel
really supported and know that it’s a safe environment for the kids and for the
teachers. Just having those meetings…daily, the teacher meetings where you feel
like it’s okay to bring up anything about any student. I think because the director
is so great. And the other teachers here are so focused on the kids, it makes it an
easy place to want to stay.
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Throughout the interviews, all the teachers cited institutional factors that weighed
heavily on their overall teaching process.
External large-scale factors at various levels. Systemic factors occurring at
various levels were another key element of the teachers’ awareness of their contexts.
This included broad community factors such as state- and federal-level educational
mandates and expectations. The teachers cited systemic factors that facilitated and
hindered their teaching processes. For example, Anthony, a middle school art teacher,
described the negative impact of a significant shift in his school’s governance over the
previous year. He shared,
I think that I’m more different in the last couple of years outside and inside school
because school has now become a place where you have to meet data. You have
to supply evidence and you have to provide them ‘smart’ goals. And so, you’re
so worried on trying to get that data and be as accurate as possible in meeting the
deadlines and the requirements that... that the administration, that they are asking
you on all these goals, that you would normally do anyhow, but if magnified now
and put under a microscope and held as evaluations and everything, there’s a lot
more work on really the effect in how you teach and what your goals are and what
have you accomplished. And when I did it before, we did all that. We had
objectives and we had things that we needed [to do] to be a good teacher, but it
felt like we were moving the kids forward in a different way of trying to get their
multiple learning experiences of what their strengths were. I think I’m more
frustrated that... I get frustrated just trying to figure out how to lock it and make
sure I have everything covered for the administration so that I can then teach
because it’s a whole different... It’s a different creature to me. One is teaching
with the students [in mind] and giving what I know and asking them to meet
requirements. And the other one is [to] meet and create requirements for the
administration and worrying again what they think.
Anthony shared how the change in governance from an experiential learning school to a
turnaround school shifted the focus to evaluations and this greatly affected how he taught.
He admitted feeling frustrated trying to meet the administration’s demands. These
systemic forces were out of his control, yet his thoughtful description of them revealed
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his awareness of both the struggle and his efforts to manage it actively so that he and the
students could still be successful. Similarly, Carla noted the support a teacher had
can make or break a teacher’s year. It can be, you know, the year from hell or the
year from heaven. If you have that professional support and respect, it’s gonna be
a great year. And if you don’t, you won’t. So, we’ll start at the federal level with
the infamous ‘No Child Left Behind,’ that is the monkey on all teachers’ backs.
Thus, Carla felt the external federal mandates had a direct impact on the public school
she taught in and dramatically affected her teaching process.
Awareness of Interaction
When this theme emerged, I originally identified it as reflective of instances in
which the student and teacher affected one another. This theme exemplifies direct
opposition to the theory of teaching as a linear process in which information is delivered
to empty vessels (the students; Gordon & Browne, 2013). It appeared that at a basic
level, an awareness of interaction (AoI) entailed the teachers’ realization that they form
relational bonds with their students and that these bonds are essential to the learning and
teaching that take place in their classrooms. Within this theme, four categories were
identified: (a) connection, (b) working together, (c) mutual effects, and (d) synergy.
Connection. The importance of forming connections with their students was
highlighted by participants’ descriptions of the tight relationships teachers developed
with their students beyond the necessary interchanges involved in communicating
academic content. The teachers’ described forming relational bonds with their students
that were essential to the learning and teaching that took place in their classrooms.
Meredith, an elementary school teacher, stated,
It’s back to that connection piece... I want children to know that when they walk
in the door, I’m really authentically happy to see them. And it matters that they
came to school, and it matters that we’re gonna spend this time together. That
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they know that when I speak to them, I’m gonna do it respectfully, and that I have
the same expectation of them for each other and for me and that’s not just that I’m
setting rules for how people interact with each other. It’s about knowing each
other, and why is that important.
For Meredith, it was important that both she and the students developed a relationship in
which they understood each other authentically in order to connect on a personal level.
This personal connection was at the center of her identity as a teacher and foundational to
her classroom processes and teaching decisions.
Andrea noted that her personal connections with students allowed them to share
feelings critical to their mutual success. Although Andrea, a pre-K teacher, detailed the
demands of being in a classroom, she shared that a few years ago, she had to take time off
to travel home when her father passed away. In describing her return after being away
from the classroom, Andrea discussed the deep emotions involved in her relationships
with students and illustrated how these were integral to the ways in which they interacted.
Andrea shared,
When I came back and told the kids that I was like really sad and I said, “I might
cry and I want you to know that that’s okay if you see me crying.”…Basically
[students] then took on this empathetic role to take care of me. Not in that sense
of that it was, like I was putting that responsibility on them but it was like,
“Alright, okay. So [Andrea]’s feeling a little sad, so what are we all going to do?
How are we going to step up our game?”
To stress this deep relationship, Andrea said, “Then one little girl said to me, ‘You
know,’ and it wasn’t like egocentric or anything, she was just like, ‘You’ve been gone a
lot. Don’t do that anymore.’” Andrea replied to the student, “Okay. Alright. So I’m not
gonna go.” She expressed, “I think, for me, the value of being a really close community
is that she even felt that she could say that to me.”
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Andrea’s example underscores the phenomenon of a teacher’s ability to both
express feelings and to recognize a student’s feelings because of the tight relationship
they shared. Her example shows the awareness of interaction that allows teachers to be
authentic human beings while also empowering their students to express the feelings that
affect their learning. Ari, another elementary teacher, said, “When a teacher really knows
a kid and can connect for that kid, then, you know, that’s gonna be the surest path to
academic success.” The teachers who identified the relational, trust aspect of interaction
seemed to refer to it as necessary for their success and their students’ success.
Working together. The teachers also expressed how a sense of working together
was critical to their teaching processes. They described how they tried to develop a
feeling of collaboration with the student to construct knowledge and develop
understanding with their students. This sense of working together was exemplified in
descriptions of how teaching entailed shared knowledge, work, and responsibility on the
part of both teachers and learners. The teachers described this practice in terms of
working with the students to achieve a common goal, whether it be learning,
understanding one another, or completing a task. This type of collaboration involved
making decisions together as part of the “bargain” of teaching and learning. Jonah, a
graduate professor, shared,
If [students] didn’t need help learning, they wouldn’t need a teacher, right? If you
already knew how to do something or if you could just teach yourself how to do
it, then you probably would just do that. You wouldn’t be asking... You wouldn’t
be setting yourself up in this environment where you have a person who’s trying
to help you figure it out. So, I think part of it in that sense, that’s just part of what
I think of as the bargain of being teachers and students. The bargain is, I have the
knowledge of something and you would like to learn about that or somebody else
feels that you should learn about this, and so let’s try to work together to help you
learn about it.
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Jonah described the “bargain of being teachers and students” as giving students an active
role in the interaction. He described students as decision makers who actively decided
whether to participate in their learning, and thus, chose whether they would collaborate
with the teacher in this process. Jonah did not envision teaching as a unidirectional
power dynamic that flowed from teacher to student; instead, he viewed teaching as
necessarily having two active agents—the teacher and the student—that together shared
the responsibility for the outcomes of their interaction.
Similarly, Sidney, a high school Spanish teacher, shared,
This is what I know and what I’m bringing to the table, and I’m honoring what
you know and what you bring to the table. And so, let me teach you what I know
that will help you gain access to power and to freedom, in a way because
education is freedom. And you teach me what you know and how... And the
ways in which you know it, so that I can be a more inclusive person in our
classroom.
Sidney’s description showed the importance of having a sense of working
together with students and how teaching was equal parts teacher contribution and student
contribution. Through sharing their individual sources of knowledge, Sidney recognized
how she and her students achieved the ultimate benefits (e.g., power and freedom) of
education.
Clearly evident in both Jonah and Sidney’s examples is a systems-thinking
framework supporting the idea that the collaboration between teacher and students
incorporates the teacher and students as independent systems with individual contexts.
These two systems work together to form a unit—a bargain—and collaborate to create a
shared purpose of developing new knowledge. Marian, a teacher of a combined parent–
toddler class, expressed this clearly. She greeted her students each year by saying,
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Here we all are. We have different parenting styles. We have different ways, and
yet we’re all gonna work together, support each other and work as a... We’re all
on the same team here. We’re here for the growing and the learning and the
loving of all these children that are in the class together and of each other.
Mutual effects. The teachers often described their interactions with students as
having mutual effects. Rather than describing teaching as delivering knowledge in a
linear fashion, the teachers discussed how they were affecting the students and how the
students were affecting them. This recurrent category highlighted the importance of
creating a feedback loop through which the student gave the teacher some type of
feedback, and in response to that information, the teacher then shifted, which in turn
changed the learning experience for the student (and so on). These feedback loops had
reciprocal effects and were characterized by examples in which the teachers described
how they changed an approach, responded to, or were affected by the behaviors or
feedback of students; in turn, their responses caused students to change or shift their
behaviors or approaches toward learning.
For example, Delia’s teaching process highlighted the importance of these mutual
effects:
[I am] always out there looking for new strategies, techniques, or ideas to
implement within the classroom to better [my] teaching, as well as to enhance the
students’ learning experience…. [I am] constantly looking to see how the students
are engaging with the material and looking to decide whether or not [I] need to
shift the strategy that [I am] using or present in a different way, based on how
they’re reacting or interacting with the material, and maybe [I] need to micro-unit
it more or add a visual for different of learners.
Thus, to Delia, teaching decisions were dependent on the students’ intentional and
unintentional feedback, and their continued learning was based on her responses to this
feedback.
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The reciprocal effect was described by Susan as a “dance.” Implied in this
metaphor is Susan’s understanding that her pedagogical moves were dependent on her
students’ moves, and that likewise, her students’ steps were dependent on her steps. She
admitted that as a graduate professor, she was always learning: “Never ever ever ever, do
you, as a teacher, wanna stop learning. It influences the newness of your approach,
which influences the receptivity of your students and makes them as excited as you are.”
In understanding the mutual effects of the interaction, the teachers seemed to be aware
that the teachers and learners in the system are experiencing changes in their
understanding, knowledge, and identity as a result of their coming together to form a new
autonomous system.
Synergy. The teachers commented on how sometimes they achieved a higher
level of interaction, a synergy with their students that was a powerful teaching
experience. In these instances, teachers mentioned the vibration or energy created during
deep human interactions of teaching and learning. Some teachers seemed to see the
various forms of interaction as leading to an experience of flow between students and
teachers. Liz, a middle school teacher, provided a series of examples to illustrate why
she found teaching so rewarding, including collaborating with teachers, solving puzzles
with kids, and even developing curricula. She summarized the reward of teaching as
just that feeling, you know, you know as a teacher that, that feeling of things
clicking, things just are clicking, things are clicking, you don’t want to stop. You
don’t want it, and the kids are like, “I don’t wanna go to a gym you know, I don’t
wanna go home” and you’re feeling the same thing. And a lot of that is really
about human connection. Are we connecting? Are they... Are we just jibing, you
know. And it’s the same with teachers. Am I sharp? Are we? And so, you know
what, so much of it is when you get in the zone, the problem there, there’s no
here, no be, time kind of stands still, you know, when it’s that zone of sort of
creative, um, work that you’re doing.
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Her comments were replete with references to the different awareness of interaction
categories. However, this description of joined flow was not unique to Liz. Peggy, a preK teacher, shared that it was important to find synergy with her students so she could
make decisions together with them:
I feel like that’s a huge responsibility that these kids bring who they are, so it’s
my job to find that synergy, and that means I have to spend a lot of time getting to
know each one, one-on-one, and then when I put them in a group, when I put
them in a pod of four, that they’re actually actively listening to each other. It is so
powerful when they take on the role of peer-teaching with each other, or they
learn how to actively listen to each other, and the synergy that I’m thinking about
is in those, those group meetings, where you’re talking about balance and they
just start clicking off, I set up a little provocation or I say some provoking things,
and they just start to click.
In this example, Peggy not only described the synergy between teacher and students but
also how this synergy influenced the synergy among students. In this description, she
further explained how this synergy expanded beyond the direct teacher–student
interaction within the classroom. She described,
First, [students] wanna sort of please me and they wanna be part of this thing with
this teacher, right? And then all of sudden, they start connecting with each other.
So, that’s when I feel the synergy, when the hands start to go up and then they
start to... bring them back to each other, keep bringing them back to each other,
for the concept.
This insight shows that interactions within the classroom can create complex systems
beyond the individual teacher–student dyad.
Awareness of Self as a Teacher
This theme captured how the teachers described their views of themselves as
teachers and how those views influenced how they taught. Teachers’ perspectives of
their “selves” has far-reaching effects, from their perspectives of students to whether they
feel capable of being effective as teachers. Although a general sense of self-awareness is
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relevant to the way individuals perceive their experiences, this theme indicates that
teachers develop an awareness of self as teachers (AoST) that is particular to their roles
as teachers. Within this theme, three categories emerged: (a) the private self, (b) the
public self, and (c) the perceived self.
Private self. The teachers’ views of their private selves encompassed their
perspectives on their identities, personal histories, development, values, beliefs, and
needs. Each influenced them as teachers and reflected who they were internally. The
private selves were revealed in instances when the teachers described past experiences
from childhood or early teaching years, their views of the world, their purposes in life, or
their values and identities. The category of private self refers to the core characteristics
of the teacher self that could be considered “who you are.” For example, Maggie, a high
school history teacher, described her awareness of her own ethnicity and how it affected
her childhood experiences. She understood that she was White American, a different
ethnicity from some of her students. Maggie’s description of this acknowledgement was
difficult for her to share:
[I was] constantly thinking about [my] own experience as a, you know, as being
White and American and especially now we have a number of international
students in this school, but even prior to that we’ve always had Latinos and other
students of color and I’m really always conscious of the fact that their experience
is different from... I should say, might be different from mine, and they might
have a different point of view about some of the history that they hear
Though Maggie struggled to share this recognition of her different ethnicity and its
impact on her students, she was conscious of the fact that it was because of her different
upbringing that she may have held different views of history than did her students. This
awareness of her “self” as a teacher and how it contrasted with her students’ selves
significantly influenced her teaching process.
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Delia described her experience of how her private “self” affected her teaching a
bit differently. Delia used her personal history to explain why she was so invested in
education and teaching: “Given my background, my father’s from Ireland, ran away as a
teen to England and didn’t receive education after the age of 15, so education was always
a big part of our, our life. And growing up, it was the forefront of it.” Delia began to cry
as she explained that
even before I became a teacher, it was very much part of me. That’s why I feel
like I have always had that influence. And now, you know, it reflects back and
just think about how I can influence the students and kinda keep that in my mind
as I go through the process.
For Delia, education was at the forefront because of her father’s experience. Similarly,
Alexis described her purpose in being a teacher; however, she said, “Part of my purpose
in being a teacher is to educate, make the citizens, you know, like our... It’s almost like a
civic aspect of it.” Alexis considered herself politically active because she was a teacher.
Although all of the teachers in the sample acknowledged that their personal values and
culture influenced what they did in the classroom, the root of their values came from
different places, and so the influences were highly variable.
Overall, Meredith summarized the importance of recognizing the private self by
stating, “Color blindness is blindness.” She argued,
this notion that if I’m not recognizing who I am and where I come from, then I’m
not recognizing that those things are important. And if I don’t recognize that
those things are important, then I may not pay attention to them in children,
either.
Meredith recognized that if she did not have an awareness of her own identity, she would
not be able to recognize what was important to her or to her students. This example is at
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the heart of the theme of self-awareness, and it shows the connection between selfawareness and learner needs.
The teachers’ personal needs were another important aspect of the private self that
influenced the teaching process. The teachers offered examples of both external and
internal needs and rewards, citing tangible factors such as salaries, benefits, and course
loads, as well as intangible measures such as respect, happiness, family, and life plans.
Caitlin said she
thinks about time, and I think about my income as being a reflection of how much
I make per hour, how I’m being compensated per hour of work. [My] life plan I
think about me being [at this school] for the entirety of my career. That does
come into play when I think about being here long term, I think about, I really
want to invest time into generating great labs and wonderful lessons, so that I can
continue to use them as I am here for, you know, 20-something, 30-something
more years.
In this example, Caitlin, a high school science teacher, described her own life plan as a
teacher. She had a long-term outlook of herself in this role, which was significant when
she considered her income. She described her struggle with having a family and shared
about her “worries that I might be burning the candle at both ends at times, and so I do
worry that I’m not nurturing myself enough because I work so hard.” Caitlin admitted
she often argued with her husband regarding how much time she spent planning and
giving feedback on student work. She knew she could only have one child because she
did not have time to devote to all of her students and more than one child at home.
Another concern she raised was her health. She said her significant investment in
teaching had often negatively affected her health:
You know what else I think about…health… I think, um, it is important because
there are times that I have come to work sick because I can’t imagine putting off a
lesson or disrupting the flow of what’s going on. Like, if we started a lab and it’s
going into day two, I would have to be definitely ill to not come in. Because the
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amount of work would be to sort of clean up the mess of that would be enormous.
And it would be like... It’s just really, it’s disruptive to the kids. Um, so I think, I
guess, health has come [up] a lot.
Thus, Caitlin was aware of how she balanced her personal life (income and health) with
her perception of her role in the classroom. She understood how taking a day off would
have an impact not just on her students but also on herself: She would need to “clean up
the mess.”
Alexis, a high school history teacher, shared her insight on the importance of
keeping herself healthy. In relation to having a sense of her needs, she shared that even
though as a teacher her life was so busy, she was
allowed to take an hour or an hour and a half a day to exercise and that’s
regardless if that means like I am gonna be late to school, that means like papers
aren’t gonna get done, like I’m gonna do that first. Whatever else happens, that
will come first. The same thing with like cooking healthy foods that, you know, if
you let yourself, it’s easy to just, you know, not do, not make wise choices. But
then, I can sort of think, for example, like health that’s very pretty much part of
my inner depth dialogue. How much time do I really need for myself?
Alexis said her health was the only part of her personal context that came before her
teaching responsibilities. Earlier in her interview, she mentioned this was a new
phenomenon; she realized she needed to treat herself better—in the end, it made her a
better teacher. Both Caitlin and Alexis connected their health needs to their teaching;
their statements revealed many examples of how personal needs can influence the
teaching process.
In addition to personal needs such as health and income, Ari, an elementary
school teacher, discussed how the school and its philosophy was a strong part of her
teacher needs. Although there was clear overlap here with awareness of context, the text
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was double coded with awareness of self because Ari described this need as being very
personal and about her preferences. Ari shared,
I’ve, I extended down my certification, not because I had grown tired of middle
school, but because I knew that to me, I have to be in a school that I was
passionate about and that I felt that the culture of that school would reflect my
own values and my own beliefs about teaching, and would reinforce my growth
and my learning. And so, I, I’m certified K to 12 because it doesn’t matter to me
what grade I teach. I have to be in a school that works for me.
Thus, personal development was another aspect of the personal selves that teachers
repeatedly cited as being influential to their teaching processes. Several teachers
discussed how their personal development was about becoming stronger and more
confident as adults and therefore more effective in their teaching. They differentiated this
personal growth from professional development in teaching. This personal growth was
about how their past experiences shaped their teaching.
In her awareness of her own development, Sophie recognized that while she had
always been a confident person, her confidence in teaching developed over time as she
discovered what worked and what did not work. However, Sophie also recognized that
confidence was sometimes lacking, and she intentionally willed herself to restore it. She
said,
[I have] always had some amount of confidence. On some level, it comes
naturally, um, but… sometimes when I’m having a day where I’m not, where I’m
not 100%, I don’t know if I’m tired or, you know where I might doubt my ability
to just be the leader. You know, some days you just don’t, some days I don’t
come in exactly feeling like that then I might try and summon my confidence and
be like “no I can do this.” I’m here in the right place and you know, this is the
time and try to summon my confidence.
Taken as a whole, this excerpt is a good example of how personal self-awareness
influences teaching processes. Sophie did not suggest that confidence, once developed,
was something that teachers could carry with them indefinitely. Instead, Sophie
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suggested that once teachers knew what it was like to teach with confidence (knowledge
built based on trial and error), they could create that confidence whenever they needed it.
Sophie noted she did not have to rely on natural confidence to get her through each
teaching interaction; rather, she could produce it when necessary.
Maggie described confidence as a part of her identity that she recognized affected
her teaching. She said she had “always had an imposter syndrome where when you get
negative feedback; I always feel like, ‘Oh, what did I do wrong?’ I’m that kind of
person.” For Maggie, having confidence was about being successful so that she could
push against her imposter syndrome. Her confidence stemmed from constant
development and improvement.
Deborah’s description of her identity development had evolved to the point that
she was able to come out of her own actions enough to watch what she was doing and
judge whether she needed to adjust. For example, she said, “You’ve got a part of you in
the corner of the room so that you’re watching yourself, so that you, uh, are confident in
what you are doing and you’ve prepared... I’ve prepared properly.” This was a strong
example of Deborah’s self-reflection and meta-cognitive processes; her ability to have
her “mind’s-eye” open and watching the teaching interaction was evident. The ability
also connected to the category of awareness of self as a teacher. Her view blurred the
lines between private and perceived self when she explained that her inner confidence
was exhibited when she stepped out of herself and considered how her students perceived
her teaching. Moreover, her private self (confidence) helped her to engage thoughtfully
with her public self (teaching) so she could appropriately adapt and recognize her
perceived self.
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Public self. The teachers also mentioned how their awareness of their public
selves was critical to their teaching processes. Some described this awareness as
knowledge that they were on display; some recognized the distinction between their real
selves versus their teacher selves. However, in these instances, the teachers contended
with the issue of authenticity with their students. For example, Bob, a high school
technology teacher at a school for students with language disabilities, shared that he
realized
that when I step in front of a group, I am not who I am. I’m not my real self. I’m
not sitting back with my legs up, watching uh, you know, an episode of 24 or
whatever it is I’m watching. I’m on stage and these kids are watching everything
that I do, analyzing and assessing. I’m totally aware of that. So, my real self, to
let that out, is rare.
However, Bob was quite adamant that both his teacher self and real self were authentic.
He had an ability to present his preferred self in front of students. He was not only aware
that there were different selves, but he also had the ability to use them at will naturally
and authentically. Bob did not describe how he was perceived by others but noted that he
was aware that he intentionally chose the public self that he presented, and it was
different from his private self. Bob was both aware and comfortable that the two selves
were different from one another, and he chose to keep his private self out of the
classroom.
Another teacher, however, was not as happy with this distinction. Marian, a
Waldorf teacher of toddlers, was explicit about the difference between her public and
private self. Her situation was directly related to her the school’s strong philosophy. She
shared that recognizing her private self
used to be a problem for me, probably 10 years ago or maybe 15.... There’s
certain expectations and that you’re always... That you’re never off. You’re
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always on. If you’re in the grocery store, you’re still a Waldorf teacher. You
cannot just, um, you know totally let your hair down and I really don’t like that. I
understand it, I understand it, but I don’t like their constraints. I understand the
sense of it but there needs to be that teacher self. And yes! I mean, anywhere I
am when somebody, [chuckle] you know, I will be seen and I get it. I will be
seen as the Waldorf teacher. No escaping it. But it used to really bother me, and
I haven’t thought about it for a really long time.
Marian said she no longer got angry about the constraints because over the years she had
evolved:
Now, I find a way to be my real natural self when I get right in there and have
these deep conversations with parents and I can be both at the same time. I’m real
and I’m also holding the, the role of the, the teacher. It’s because the authenticity
of both have somehow matched up. Huh, maybe.
Marian described that through her development, it was possible that both identities
(teacher and real self) had perhaps become one, and therefore, they were both now
holistically authentic to who she was.
Perceived self. The teachers were aware of a difference between the self they
chose to present publicly and the self that students perceived. They knew that students
viewed them and made judgments about who they were. Some teachers indicated they
developed their teacher selves based on how students viewed them. For example,
although Marian struggled to reconcile being authentic both in her public and private
selves, Sidney preferred to have her private, public, and perceived selves come together
and be transparent for all students. As a high school Spanish teacher, Sidney recognized
early in her career that her students would perceive her as different. She admitted that
only when she learned to “own” who she was, which she did within the first year of
teaching, was she better able to support her students. She decided to acknowledge, “It’s
not like I’m a superwoman or a bad woman. I’m just a White woman from Cape Cod,
and this is what I know and what I’m bringing to the table.” Rather than keep all of the
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selves separate, Sidney decided to unmask her private, public, and perceived selves to
disarm students so that they could join together and develop with one another. Rather
than guessing how she appeared to others and how they would judge her, she revealed
exactly who she was so her perceived self could match her public and private selves. For
Sidney, this was in direct relation to her own development as both an individual and a
teacher:
I think it’s something that was just a part of character development throughout my
20s. You know like, it’s like... Not like Erik Erickson sort of stuff, but like as a
part of, you know, knowing who you are and leaving where you’re from and
interacting with the world and becoming more aware of who you are in a great in
a world beyond your little [confines]. You can’t see me, but I’m just like a nice
White lady with glasses and like I dress from like Anthropology and Boden. I
dress like a nice White lady with glasses and my kids say to me constantly that
they forget that I’m not Latina. They forget that I’m not this or that because to
them, I seem like them. I seem someone who is known to them.
Sidney was aware of how she had developed a sense of private self as well as the selves
she made public to others. She was also aware of how students perceived her. In
Sidney’s description these three selves (private, public, and perceived) were all the same.
She said,
I think it’s like being... Owning myself and not being, not trying to be any
different than who I am. I think that I’m one of the teachers that there’s not really
a difference [between these selves]. I don’t put on a mask when I go into the
classroom.
This effort was clear to Sidney because she believed it was necessary for her to be
effective as a teacher:
You can’t be a language teacher in this day and age and ask for authentic
communication from your students unless you are willing to go there with them,
right? So, I’m not one of those language teachers from the movies or you know, a
stereotypical lady in the front of the classroom with maracas, you’re thinking you
repeat stuff and like pretending that you’re from a different country. I’ve always
been myself, loving Spanish for the way that allows you to talk to other people
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and travel, but I’m not pretending to be Latina nor am I pretending to be... have a
different life experience than the one that I have.
Sidney clearly understood that her identity was different from those of her students;
however, she did not try to hide her identify, because revealing it helped to move
students’ perceptions closer to the public self she was projecting.
Andrea shared her fascination with recognizing when students began to form
theories of who she was as a person. She was aware of her students’ impressions about
her. She described what happened when students realized that she was sarcastic: “What’s
really funny is when children then start to hear something that I’ve said and then they go,
‘Wait a second. Is she... Is she... Okay. She just said, that, you know, we can’t.’” Andrea
continued to imitate her students’ confusion over her sarcasm and humor:
“Wait, she just said that we can’t. Like, hold on a second.” What actually then
happens is they start learning about me and who I am, right? And so, it’s been for
me [about] opening up and that’s why I said that [I’m] not a demeaning (referring
to her use of sarcasm), but more like with humor and in my opinion it’s another
part of the process of learning where they’re actually learning like, I’m a puzzle
that they’re trying to figure out as well.
This is an example of how Andrea recognized that students perceived her in a certain
way. It demonstrates her recognition of a perceived self and the awareness that her
students needed to know who she was so they could understand her behaviors and words.
Integrated Example
Each of the themes discussed exist in relation to each other and thus frequently
merged in the interviews. The following example demonstrates how nearly of all of the
awarenesses existed in tight connection as the teachers reflected on their practices and
repeatedly invoked multiple themes. Within the quotations, I identify the domain
exhibited by italicizing the acronym of the theme’s name in brackets.
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Sophie, a middle school language arts teacher, shared that she felt she had to
exhibit confidence in her classroom. She said she “ha[s] to feel confident in who I am
[AoST] and my ability to interact, to connect with my students [AoI].” Sophie seamlessly
tied in her own self-awareness as exhibited by her confidence in herself to her awareness
of interaction. She also identified her interaction with students as an ability to connect,
suggesting that she was engaging in complex social-emotional cognition rather than
referring purely to a behavioral interaction. She added that she also “ha[s] to feel
confident in my planning [AoST], both that I am well planned, but also that the
curriculum is, is appropriate on a variety of levels” [AoTP]. Again, Sophie seamlessly
tied her organized planning [AoTP] to her students’ varied levels [AoL]. She stated that
her curriculum had to be on the right level, “academically,” referring to the content grade
level, but also “developmentally,” for her student’s ability. Sophie described planning
well as “the skills, concepts, and the ideas that the kids will be working with” [AoL].
Sophie recognized the immediate needs of the students by creating well planned,
academically appropriate curricula for them to work with; she also considered their longterm skills and developmental needs. Although Sophie described her own selfawareness, she was also aware of how it connected to her teaching process, students’
needs, and interactions. She described this dynamic, explaining that she had “a diverse
class where I have kids who are on very different, really different levels of readiness
[AoL]; I have to feel confident about my ability to manage a class or basically to be a
group leader [AoTP].”
Again, Sophie described the direct connection between her ability to be a
confident leader and manager of the classroom environment and her students’ needs.

93
Here, she suggested that because she had a diverse class with different levels of
readiness, she had to use her self-confidence to manage the room. Sophie described this
confidence as having a presence in the room. She used her presence to manage the
students’ varied developmental levels and to physically manage classroom contexts (i.e.,
time management). She stated,
To be the leader of the group, I have to feel confident that I can achieve what I’m
trying to achieve [AoST] in the time [teaching process and time management] that
I have and that every student is, is going to be making progress through this
activity even if what they’re making progress on is really different [from one
another]. [AoL]
Sophie’s description of an interaction with a student is a clear embodiment of the
connection between all of her awarenesses. She shared,
Today I noticed that we were having a discussion of novel and [AoI] of literature
and one of the students was, just seemed like he, I don’t know why he was, he
was kind of tuned out [AoL]. I tried several things to get to pull him into the
discussion [AoTP] and he was resistant but like kind of like laughing. So he
wasn’t being defiant, exactly [AoTP], he was just kind of saying he didn’t know
and kind of laughing and it was a little nervous. So then I asked at the end and it
was another student that I think he looks up to for some reason [AoTP], who can
be resistant to stuff, to reading in general who had like an, a breakthrough today
and was doing great in the discussion. I hadn’t seen that before [AoTP]. So, so I
kind of, I complimented that student and then, um, and then I followed the other
student back to his seat for a minute, the meeting for discussion, and I told him
that he too could be involved [AoTP]. My tone was really kind of light [AoTP]. I
just wanted to his response to my acknowledging what had happened [AoI]. He
looked, so I first said, “You seemed like you weren’t taking it that seriously, like I
was kind of funny to you.” And then I said, “But you can also, if you work at it
and pay attention, you can also participate, and, and have a lot to say.” So what I
was doing was testing to see [AoTP] if he was insecure and that was why he was
not... And his response, is, just by the look on his face [AoL] was that I had, I had
named the problem for him [AoTP]. So the first part about, “you didn’t, you seem
like you didn’t take very seriously,” that part did not register on his face [AoTP].
From that you know it was like, yeah, yeah, yeah. And then when I said, “No,
you can do this,” something registered on his face, which is that he didn’t know if
he could do it [AoTP]. So now that moment is stored in my mind as information
about that kid [AoTP]. So now I’m gonna take an approach with him where I’m
trying to help him to be more confident [AoL]. Try to figure out how... I don’t
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know that I have the answer just yet, but the issue is not that he... I don’t know,
thinks the conversation is lame [AoTP], but, you know.
Taken as a whole, this comment exemplifies Sophie’s teaching process and how it
played out as an interaction between student and teacher, based on her self-awareness and
her focus on student needs. Sophie described aspects of her awareness of her teaching
process by explaining the purpose of the lesson for the day. She also shared an
awareness of the interaction, which was going well with the class as a whole but had
broken down with one student. Her awareness of her learner enabled her to recognize
that this student had struggled previously, and she used that knowledge to support the
process of uncovering the particular issue that had caused this student to disengage. She
also used her personality, displaying a light tone and joking nature to probe into the
student’s struggle. Sophie said she would store her knowledge of the student’s issue in
her memory so that she could approach him differently and support him in engaging
positively in the next class discussion.
Sophie admitted that she did not yet have the solution to motivate this student to
engage naturally in the class conversation; however, she at least knew that he did not feel
the conversation was not worth his effort. She knew that he did not feel he was able to
contribute positively to the conversation. She now could create a plan for how to address
that issue. This example clearly shows how Sophie was able to weave in and out of
micro- and macrolevel awarenesses within all five domains while teaching students in her
class. The example provides a robust picture of her highly developed individual socialemotional cognitive capabilities.
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Discussion
Individual Social-emotional Cognitive Processes: The Five Awarenesses of Expert
Teachers
The expert teachers’ individual social-emotional cognitive processes encompass
five overarching themes, each embodying an awareness that together form a complex
teaching system that engages with the student. The themes are a novel categorization for
the individual social-emotional cognitions of teaching but within them lie many well
established social-emotional cognitive constructs. Many traditional individual socialemotional cognitive constructs such as empathy, social perspective taking, and theory of
mind (Gehlbach et al., 2012; Strauss & Ziv, 2012) mapped to the awareness of the
learner. Others, such as on-the-spot decision making, (C. M. Clark & Lampert, 1986)
mapped to an awareness of teacher practice. Each awareness supports or merges with the
others in various ways. These familiar social-emotional cognitive concepts appear
different when viewed as part of a complex system. This idea was highlighted by the
statement of one teacher:
I have to feel confident in who I am [AoST] and my ability to interact, to connect
with my students [AoI]. I have to feel confident in my planning [AoST]… both
that I am well planned, but also that the curriculum is as well [AoTP], and [that it]
is appropriate on a variety of levels [AoL].
From a systems perspective, this statement shows how the teachers’ awarenesses
dynamically interacted and built off one another. These awarenesses could then be
viewed as a social-emotional cognitive skill within a dynamic system of interaction,
which is what makes teaching a complex system rather than simply a set of individual
skills.
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The supporting quotations represented each awareness as a theme; however, the
final integrated example showed that they exist in concert, each dynamically interacting
and building off one another similar to complex skill development described by Fischer’s
(1980) dynamic skill theory. It is likely that these teachers were able to speak about the
separate awarenesses in such an intertwined manner because, as experts, they have
reached high levels of complexity. Additionally, it is possible they did not view the
awarenesses as separate; they may not have had the terminology to tease them apart in
this way or been motivated to find the words. Beyond having these abstract awarenesses,
which represent a systems level of abstraction in Fischer’s (1980) skill complexity scale,
these expert teachers described how each autonomous system (teacher, learner, learners)
engaged with one another to form new systems of interactions (De Jaegher et al., 2010).
Although each system was autonomous, they all affected each other and could be
intentionally influenced by the actions of the teacher. A phenomenon often described in
the broader soft systems literature (Checkland, 2012; Checkland & Poulter, 2006). Thus,
a matrix could be imagined through which their awarenesses are woven into a web-like
pattern. When each system (teacher, learner, learners) is working well with the other
systems, the teacher can achieve optimal levels of social-emotional cognition. I
hypothesized that the achievement of optima levels facilitates synchronous interactions
between teacher and students. On Fischer’s (1980) skill complexity scale, this level of
awareness reaches the tier of creating principles within dynamic systems.
These findings indicate that although teaching can be envisioned as a set of
individual skills to be mastered and measured, the lens of five dynamically interacting
awarenesses creates the foundation for an understanding of teaching as part of a complex
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system. More concretely, using this schema, teachers can transform their cognitive
teaching processes to recognize patterns of interaction between systems and to leverage
those patterns intentionally to support their learners’ development. This conceptual shift
indicates that research on teaching should focus on understanding how humans develop
the social-emotional cognitive skills employed during teaching. In terms of classroom
teacher development, these data show that guiding teachers toward a deeper awareness in
all five themes would help them develop the skills that enable optimal teaching.
Moreover, individualized teacher development programs would help support unique
profiles of skill levels, promoting recognition that teachers are naturally gifted with some
skills (although they may perhaps be unaware of them); others skills may need to be
intentionally developed and/or improved upon.
These findings resonate with a robust body of literature on many aspects of
teaching social-emotional cognitions. For example, the awareness of teacher practice
aligns with a large body of research on teacher knowledge (Elbaz, 1983; Shulman, 1984).
Prior studies on teacher knowledge have shown how teachers construct their own
knowledge and help students do the same (Clandinin, 1985). This finding was true for
the teachers in this study, who described the importance of both content and pedagogical
knowledge. As described earlier, Shulman (1987) showed that successful teachers
employed pedagogical content knowledge (PCK). Rowan et al. (2001) extended
Shulman’s perspective to claim that “pedagogical content knowledge builds on other
forms of professional knowledge, and is therefore a critical—and perhaps even the
paramount—constitutive element in the knowledge base of teaching” (p. 2).
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This integrated approach toward students was apparent in the interviews in which
the teachers described how they represented and organized content, dealt with common
challenges to student comprehension, and employed strategies for highly variable learner
needs. In essence, teachers leverage PCK when they deliberately interpret the subject
matter and represent it using a myriad of techniques (e.g., analogies, demonstrations) to
tailor the interaction to the students’ unique characteristics (e.g., ability, background,
classroom setting; Cochran et al., 1993).
Several of the teachers’ examples that related to the theme of awareness of
teacher practice (AoTP) also mapped to research literature on decision making,
instruction design, and planning approaches (Ball & Cohen, 1996; Leinhardt & Greeno,
1986). Ball and Cohen (1996) discussed the process of curriculum enactment, a joint
construction involving teachers, students, and their contexts whereby the designed and
implemented curriculum is not strictly a material object but a teacher-centered
interpretation. Presenting categories similar to the categories within AoTP (long-term
planning, classroom culture, systems thinking), Ball and Cohen discussed specifically the
need to support teachers in designing “enacted” (p. 7) curriculum. Domains that
overlapped with AoTP included an ability to interpret and frame the materials, proactive
design of the instructional experience based on the students and culture, and an
understanding of the patterns created and roles played by the students in the classroom
(Ball & Cohen, 1996). In addition, Leinhardt and Greeno (1986) identified teaching as a
complex cognitive skill and used this lens to design models of teaching. Teachers’
knowledge systems rest on lesson structure and subject matter (similar to AoTP
categories such as routines, organization, and skill building; Leinhardt & Greeno, 1986).
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The SiR2T interviews provided data that expanded the concept of teaching
practice to include teachers’ integration of systems thinking on micro- and macrolevels in
the context of teachers’ classroom cultures. For example, Caitlin, a high school science
teacher, discussed why being intentional about building a classroom culture in her room
was important. She said,
When I think about culture, I think about relationships with people and how it’s
important for me to have good relationships with my students because that’s who
I see every day. I spend more time with adolescents than I do with my own
husband. That’s kind of the nature of my day and so I actually feel like building a
happy classroom is incredibly important to me.
Caitlin discussed the relationship between her life outside of school (as a wife) and her
life inside of school (as a teacher). She recognized the effect that one had on the other.
Building a positive classroom culture was important to her because teaching was a
significant part of her day, rather than simply important for her job or for the success of
her students. She was transparent about how what happened at the microlevel of her
classroom actually affected the macrolevel of her life as a whole. Additionally, Caitlin
explained how she defined classroom culture:
I’m defining it, this idea of the classroom environment where people are kind to
one another and respected, but also held accountable for their actions and for their
work and for how much effort they put in. I think it’s important to me to walk
into a classroom where I feel like I wanna spend my day. And that actually takes
a lot of energy as a teacher, because it’s in these very small events that you build
the culture of your classroom.
Caitlin’s description can be understood as an example of a complex system. She
recognized the patterns evident in how each system (teacher, students, context) interacted
with and affected one another. In the microlevel of her classroom, she preferred
everyone to show kindness and respect to each other because this connected to her life
outside of being a teacher. Personally, she wanted to enjoy how she spent her day and
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who she spent it with. Additionally, Caitlin noted that creating this friendly and
respectful environment took a lot of energy, built over time in the small microlevel
choices (a social-emotional cognitive skill) that teachers make each moment in their
classrooms. She explained how teachers built a strong classroom culture by describing
how she responded to a student request that she often struggled with:
It’s how you respond when a kid says, “I need to go to the nurse,” but you feel
like the kid might not be truthful. And so, how do you deal with that? ... I think, I
think it’s very hard to build that culture and it actually takes more energy and
more thought than one realizes. Um, and I think I put a lot of thought into it. I
didn’t always do it right, but I put a lot of thought into it.
I’m worried that I have preconceived notions about kids. I sort of worry
that that might make me decide a fate for a kid that I shouldn’t. So, for instance,
if, if I know a kid has skipped in the past, my intuition would probably be the kid
who missed class was skipping. But I feel like actually sometimes that’s a little
wrong. So, I try not to be intuitive. So, in a sense, it’s important to be, to be
somewhat objective and to not be, to not rely too much on kinda my gut feeling
about things. Though, sometimes, my gut feeling about students is very correct.
Beyond her recognition of how classroom culture affected her life outside of the
classroom, Caitlin also identified how classroom culture affected her students. On a
microlevel, she struggled with a student disrupting the class. However, she interpreted
this event within the context of his life outside of the classroom and recognized that it
may have occurred because of the struggles he had at home. Additionally, she noted how
this situation affected the other students in the class, which presented a dilemma about
who she should consider: the individual or the class as a whole. Caitlin recognized the
role her perspective had on identifying this student’s behavior as unacceptable. She
questioned whether her intuition was biased. More significantly, she revealed her
concern that her decisions about a student could affect his or her fate as a student in her
classroom. As identified in this example, Caitlin consistently moved in and out of micro-
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and macroeffects on the individual student, on the class as a whole, and on herself to
recognize the patterns and locate her role in shaping them intentionally by how she
designed the classroom culture. This systems view of teacher practice aligns with the
idea that teaching is composed of multiple interacting cognitive domains.
The awareness of learner (AoL) included established constructs such as empathy,
social perspective taking (SPT), and theory of mind (ToM). Developmental
psychologists have asserted that ToM enables teachers to plan, evaluate, and reorganize
their teaching to meet the needs of the learner (Strauss, Ziv, & Stein, 2002). Through the
interviews, it was clear that the teachers in the sample engaged in ToM. They recognized
the differences between their beliefs, values, and needs and those of students. The
teachers also exhibited social perspective taking through their ability to perceive
students’ viewpoints and understand their cognitive and emotional reactions to the
circumstances (Gehlbach, 2004; D. W. Johnson, 1975). This emotional understanding is
connected to a teacher’s ability to exhibit empathy for a child. Additionally, the theme of
awareness of learner (AoL) extended the social-emotional constructs typically associated
with teaching by including an awareness of students’ developmental abilities and their
expected trajectories. The teachers described how they used these concepts in their
formulation of students’ identities and determined how to teach them (Roan, 2009).
The awareness of context (AoC) has been less well described in the teaching
social-emotional cognition literature (Lave & Rogoff, 1984; Vygotsky, 1978).
References to the impact of student, institutional, or political characteristics have been
more common in the educational policy literature or are factored into quantitative
analyses of performance (Allensworth, Ponisciak, & Mazzeo, 2009; Boyd et al., 2011; S.
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M. Johnson & Birkeland, 2003). Consideration of contextual factors can also be found in
classroom design, curricular planning, testing development, and teacher evaluation
(Braun, 2005; Donaldson & Peske, 2010). The observation that an awareness of context
was important to expert teachers’ description of their teaching shows that more research
is needed to examine how these factors affect teaching cognitions.
The finding that expert teachers use an awareness of self as a teacher (AoST) as
they systematically considered their roles in the learning interaction fits with earlier
research on reflective practice. A large factor in teachers’ ability to benefit from
continued professional development involves reflecting critically on their practices (M.
Cochran-Smith, 2003; M. L. Cochran-Smith, Susan L., 1999; Schön, 1983). In contrast,
the teachers in the interviews raised a more inclusive definition of this concept. Their
remarks underscored the influence of their own (not the students’) values, identities, life
goals, and self-confidence of their teaching abilities and thinking. Additionally, it was
clear that they were not delivering evidence-based content tailored to the students’ needs;
rather, they were managing several independent yet interacting and newly created
systems that together made up their classroom of learners. In contrast to student-centered
or teacher-centered models, these teachers recognized their individual systems and
intentionally engaged in the dynamic interaction of teaching.
The teachers frequently mentioned their awareness of the interactions they had
with students. They commented on how this awareness was critical to their teaching.
This sentiment was highlighted by a teacher who commented, “It’s the relationship
between myself and that student that [is] most important.” An awareness of interaction
has not been well studied in the teacher cognition literature, likely in part because of the
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student-centered focus of education. However, an awareness of interaction has been
studied in other fields (De Jaegher et al., 2010; Hari & Kujala, 2009; Hattie & Timperley,
2007; Yano, 2013). The theme’s categories of connection, collaboration, and mutual
effects appear to reveal the elements required to achieve the fourth category, synergy.
Synergy, or what is often called synchrony in many fields, has had limited exploration in
teaching but has been studied in many other fields and more recently in two-person
neuroscience (Dumas, Nadel, Soussignan, Martinerie, & Garnero, 2010; Hari & Kujala,
2009; Yano, 2013). Researchers have suggested that the achievement of synergy—
mentally or physically—is associated with higher levels of achievement and happiness
(Yano et al., 2015; Watanabe et al., 2014). Further, synergy can be envisioned as a
cognitive manifestation of interaction, providing a link between the noninteractive and
interactive components of social-emotional cognition. The repeated emergence of
synergy as a manifestation of instances in which the teachers’ social-emotional cognitive
skills were highly engaged provided the foundation for Study 2 (Chapter 3), in which I
explored synchrony in teaching interactions and its relationship to individual aspects of
social-emotional cognition.
Limitations and Considerations
As an interview study, there were some inherent limitations in the data. Cognitive
interviews are well suited to explore teacher’s individual social-emotional cognitions.
However, the awarenesses identified in the interviews were limited by the ability of the
teachers to assess their self-awareness objectively. The interviews were also unable to
capture these social-emotional cognitions during interaction with the students. How these
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social-emotional cognitions behave during interaction remains hidden and should be
explored using real-time interaction research methods.
Finally, although the study sample was purposively selected to represent a broad
range of educational settings, it was possible that teachers in other settings might have
identified or prioritized different cognitive domains in their reflections. This potential
should be examined in future studies using teachers from additional settings. Additional
work with novice teachers could begin to uncover the developmental trajectories of the
observed individuals’ social-emotional cognitive skills.
Conclusion
Despite these limitations, the data showed a potentially useful framework of
social-emotional cognitive domains despite the fact that they were assessed in
noninteractive contexts. These initial insights provide increased understanding of the
development of teachers’ social-emotional cognitive abilities. The insights also appear to
broaden the range of social-emotional cognitive constructs that subsume the socialemotional cognitive ability of teaching.
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Appendices
Appendix 2.1 SiR2T Interview Protocol and Tool
Purpose of study: Teaching is the key modifiable variable in student learning but is
measured mostly through student test scores. Education reform & cognitive neuroscience
research have focused on the “learning brain” but this covers only 50% of the equation
for effective education. The other 50%, the “teaching brain”, has yet to be explored.
Currently, what we know is that the act of teaching & its most prominent features such as
perspective taking, adaptation and questioning, are human specific. This is what sets
human beings apart from all other species. Led by Harvard researchers, the field of mind,
brain & education has pioneered the application of dynamic systems theory to learning;
transforming our view of learning into a dynamic, complex and context dependent
phenomenon. Using a series of model-building exercises, structured interviews, and
classroom observations, this project will begin to unlock the mysteries of the “teaching
brain” & apply the resulting insights to pedagogy at Harvard.
Basic Information (filled out by interviewer)
1. Name:
2. Date:
3. Organization:
4. Title:
5. Age:
6. Self-Identified Gender:
7. Self-Identified Race:
8. Are you currently a classroom teacher?

Yes

No

9. Have you taught more than five years?

Yes

No Years Taught: _______

10. Teaching Level:

Undergraduate

K-5

6-8

9-12

11. All levels taught in the past:
12. Do you hold a teaching certification?
13. What areas are you certified to teach in?
14. What courses do you teach most often?
15. Highest level of education attained?

Yes

No

Graduate
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Preinterview:
Participants will receive a consent form in the mail prior to the interview date.
Email procedure and script:
I.

Twenty four hours before the scheduled interview, I will send an email the
participant as follows:
Hello ______________,
Thank you again for agreeing to participate in my study: Understanding the
Teaching Brain. I would like to confirm our interview for tomorrow at
____________. The interview will begin with an email from me which asks you to
briefly respond to one question in written form via email. Once I receive your
email response I will then call you. Please confirm for tomorrow and send me the
phone number or skype address that you prefer to be reached at.
I look forward to speaking with you tomorrow!
Vanessa

II. At the time of the scheduled interview I will email the participant the following
message titled: Part I Interview
Hi _____________,
For the first part of the interview please briefly answer the following question in
free-form (1-2 paragraphs). You may write your response within this email or as a
Word document attachment. When you are done please email it back to me. Upon
receipt of your response via email I will immediately call you so we can begin part
II of the interview.
In one or two paragraphs please answer the question: What are you focusing your
mind on throughout the process of teaching?
Talk to you soon!
Vanessa
III. Upon receipt of the participant’s written response to part I via email I will send
another email to the participant titled: Part II Interview
__________,
Thank you for your response! Attached you will find Part II of the interview.
Please have it in front of you as we talk during the interview. I will act as your
scribe and fill in the concentric circle diagram according to what you tell me. I will
call you now via skype.
Vanessa
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Interview Protocol:
I will follow the interview script below. As the participant instructs me where to place
each characteristic I will scribe it directly onto the SiR2T tool. I will also record notes
regarding the explanation the participant shares as to why they have placed the word in a
certain location.
Interview Script:
Greeting
After sending the email titled: Part II Interview, I will then call the participant and say:
Hi _________________ it’s Vanessa. I would like to THANK YOU again for taking the
time to talk with me.
Participant involvement and permission – (Clarification of signed consent form)








I have received your signed consent form to participate in this study.
My notes and (if relevant) the interview audio tape will be reviewed only by myself,
my coders and my advisor at the Harvard Graduate School of Education.
Please remember, you can decline to respond to any question that you are
uncomfortable answering or stop the interview at any time.
You will be given a pseudonym throughout the entirety of the study including the
transcription.
There are no physical or legal risks known in this study. Slight risk of psychological
and/or social harm to the participants.
My goal is to present information in a way that does not threaten your anonymity in
any way. However for information that might be sensitive, I request that feel free to
withhold that information.
This interview should take about one hour. Do you have any questions before we get
started?

(Turn on the digital recorder.)
Populating Concentric Circles






Ok ___________, I’m going to record our interview if you ever have trouble hearing
please me let me know.
Have you received the email titled Part II Interview? Were you able to open the
attachment?
That is the document that we will be using throughout the interview. You’ll notice
that part I of the document is the question that I asked you to respond to via email.
I’ve inserted your response to the question in part I of the document. I will save this
as your feedback.
Do you have that document in front of you?
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Ok now please scroll to page two where you will see three concentric circles. Do you
see those circles? Below them you will notice four boxes titled: Self, Personal
Context, Skills, and External Influences. Answering the same exact question tell me
where to put those words within the three concentric circles. All of the words are
about you specifically.
As you tell me where to place each word I will act as your scribe and fill in the
document for you.
You may begin with whichever word you’d like. You do not need to complete a box
before moving onto another word. Please just be sure to use all of the words
eventually. You may expand or explain your choices as much as you’d like.
During this process I may ask you to clarify some of your responses.

Relationships between Characteristics
After the participant has used all of the words in the boxes I will then say:
 I’ve noticed that you’ve already started to group some of these characteristic together
(recall some of these examples.)
 When you look at the list again are there some characteristics that naturally connect to
each other? How would you visually represent that using circles or arrows?
 Is there a way you would describe how you see these characteristic fitting together?
Perhaps with arrows or circles around them? Consider how they are affecting one
another. Do they have a positive effect on one another?
 Are there any other connections that you may draw a circle around grouping them
together?
Comparing Initial Response
After the participant has shared with me all of their connections I will ask:
 Now can you can refer back to your answer original answer that you sent me via
email for part I of the interview. Is there anything in that response that we have not
covered in part II?
 Do you feel that there is anything else that you would like to share regarding your
teaching process?
Next Steps



May I call you or email of any new questions come up after I look over my notes
from this interview?
Thank you for taking the time out to participate in this interview. I will contact you
via email about setting up a date and time for me to come and observe your
classroom. If recall anything else that you would like to share please feel free to
reach out to me.
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SiR2T
In one or two paragraphs please answer the question: What are you focusing your mind
on throughout the process of teaching?
To complete the diagram on page 2, the interviewer will act as your scribe and record all
information within the concentric circles as per your instructions.
Use these steps to complete the diagram considering the same question:
What are you focusing your mind on throughout the process of teaching?
1. Where would you place each characteristic from the four boxes (labeled: Self,
Personal Context, Skills, External Influences) within the concentric circles (most,
less, least important.)
2. After placing all characteristics within the concentric circles, describe
relationships and interactions among the characteristics.
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CHAPTER 3
STUDY 2: PSYCHOPHYSIOLOGIC SYNCHRONY DURING
TEACHER-STUDENT INTERACTIONS
Background
According to dynamic skill theory, cognitive development occurs in relation to
the context and the environment (Fischer, 1980). Therefore, examining the socialemotional cognitions of teaching during the interaction itself should provide new and
different insights than can be discerned from teachers’ recall of their interactions and
reflections on teaching. In Study 2, I addressed teachers’ social-emotional cognitions in
an interactive context. As shown in the conceptual model (Figure 4), the individual
social-emotional cognitive capacities uncovered in Chapter 2 represent the teaching skills
teachers highlighted when they were not immersed in actual teaching interactions.

Figure 4. Schematic representation of potential connections between socialemotional cognitive constructs and synchrony, theory of mind (ToM), Teacher
student relationship (TSR), and social perspective taking (SPT).
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Similar to empathy, social perspective taking and theory of mind are skills that
likely exist both during and outside of interactions. However, the ability to measure
individual social-emotional cognitions is methodologically limited (A. Clark, 1997;
Varela, Thompson, & Rosch, 1993). Interviews, videos, journaling—all occur outside of
an interaction. At best, researchers can ask participants to think about and reflect on the
interaction during an interview or through journaling during a video reexperiencing of a
teaching interaction. However, actually measuring social-emotional cognitions during an
interaction has historically been difficult.
Some researchers have captured physiological data using equipment connected to
the participant’s body to draw inferences about nonconscious cognitive and emotional
processes (Leslie, 2004; Levenson & Ruef, 1992; Marci & Orr, 2006). More recently,
these approaches have been applied successfully to other social interactions (Jiang et al.,
2015; Yun, Watanabe, & Shimojo, 2011). For example, Jiang et al. used functional nearinfrared spectroscopy (fNIRS) and video recordings of group discussions to identify
patterns of leader–follower interpersonal neural synchronization and then used these
patterns to speculate about characteristics of leadership.
In this study, I sought to leverage these advancements in researchers’ ability to
measure phenomena related to social-emotional cognitions during social interactions to
understand the teachers’ social-emotional cognitions during their teaching interactions.
The goal was to explore the poorly understood connection in the posited teacher socialemotional cognitive schema by measuring changes in teacher–student physiology during
a realistic interaction. As described previously, psychophysiologic and neurologic
measures during social interaction may reflect difficult-to-measure processes occurring
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during interactions and provide some insight into what happens in the mind during social
interactions (De Jaegher, Di Paolo, & Gallagher, 2010). Although I recognized the
difficulties of validating the posited relationship and the limits those difficulties imposed
on the interpretation of findings, with this study, I attempted to examine the possible
relationships to add knowledge to the growing field of mind, brain and education.
Additionally, by comparing these proxy measures of interactive social-emotional
cognitions with known measures of noninteractive social-emotional cognitions, I sought
to make inferences about the nature of interactive social-emotional cognitions, including
how they align and differ from individual social-emotional cognitions.
The study was designed to create an environment in which the expert teachers
could exhibit their social-emotional cognitive skills. The task used Fischer’s skill theory
(1980) framework, consisting of high- and low-support conditions, to create an
experimental situation to allow the teachers to engage their maximal social-emotional
cognitive capacity, thereby facilitating robust comparisons to the teachers’ measured
psychophysiologic responses. Using the same methods that have been applied to
therapist–client interactions (Marci & Orr, 2006), I sought to identify whether the
teachers entered significantly more periods of synchrony with their students during
interaction with the students. Additionally, I sought to understand if psychophysiological
synchrony was connected to established measures of individual social-emotional
cognitions—in this case, teacher–student relationships and social perspective taking.
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Materials and Methods
Sample and Setting
All teachers from Study 1 (Chapter 2) were offered the opportunity to continue
participating in this study. Eleven of the original teachers opted to continue. The sample
included three lower-elementary teachers (Pre-K–2), two upper-elementary teachers
(grades 3–5), two middle school teachers (grades 6–8), and four high school teachers
(grades 9–12). The secondary teachers’ content areas included the core subjects, visual
and liberal arts, vocational areas, and technology curricula. Six teachers were in public
school settings (two suburban and four urban; one of these schools was a charter school).
Five teachers taught at private school sites (one urban, three suburban, and one
semirural). Ten different schools were included in the study.
All current students of participating teachers were invited to participate (age range
4 to 18 years). Four to five students per teacher were chosen at random from a list
supplied by participating teachers. Parental consent was obtained according to IRBapproved procedures.
Procedures
In the weeks prior to the teaching interaction, the teachers and students were
given a short 5- to 10-minute validated survey (via Qualtrics11; see Appendices 3.1 and
3.2) to evaluate the teacher–student relationship (Gehlbach, Brinkworth, & Harris, 2012;
Gehlbach, Brinkworth, & Wang, 2012). Before the interaction began, the teachers and
students were fitted with the biometric devices (see Appendix 3.5), and the monitored

Qualtrics is an online survey software. Paper surveys were given to teachers and students based on their
preference. Both online and paper surveys were visually identical.
11
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teaching interaction began. The teacher and student sat side-by-side with a privacy
divider between them as they viewed a large tablet screen. Galvanic skin response (GSR)
data were collected using FDA-approved GSR sensors manufactured by Equivital (Figure
5). The device was composed of a noninvasive belt placed around the chest. Raw
biometric data were sent wirelessly through a secure Bluetooth connection to a passwordprotected testing laptop accessible only to the investigators.

Figure 5. Equivital sensor.
Note. Used with permission from Carl D. Marci, M.D.…
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Verbal instructions of all steps were given to participants before the activity
began. First, all participants were verbally informed that they were going to view a brief
video prior to their interaction in order to measure their baseline physiology and test the
equipment. The tablet displayed a baseline video for 4 minutes in order to create a
baseline GSR level and to synchronize the devices with the main computer. Next, the
screen instructed the teacher and student to begin a silent writing/drawing task about the
student. The student was asked to answer an open-ended question, “Who are you?” to
promote a reflective mindset; the teacher was asked, “Who is this student?” to promote
their social-emotional cognitive processes. Reading, writing, and content knowledge was
not required of the student. For students who needed more support, verbal instructions
were repeated during moments of confusion. This 5-minute noninteractive activity
served as the low-support condition because there was no teacher support provided.
After this task, the teachers were privately given instructions for the next part of
the session, which served as the high support, or teaching, condition. Specifically, the
teacher was given a sheet of paper with the following instructions:
During this task, there are two main goals for you to achieve:
1. Help support the student to reach a deeper understanding of themselves.
2. Following the interaction, you will be asked to evaluate [his or her] level of
self-understanding.
The 15-minute high-support interaction was facilitated entirely by the teachers,
who modified the task as they saw fit. The task was similar for pre-K through 12th grade
students, though slight adjustments were made for the youngest participants. For
example, student surveys were not given to participants in second grade or below. The
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youngest participants were also instructed that they could draw their response in the lowsupport condition instead of writing it out. This flexibility was possible because there
was not a specific content-learning goal; the interaction was designed to elicit the
teachers’ social-emotional cognitive abilities, not to achieve a specific content or skill
acquisition goal from students.
The specified task with its dynamic skill theory-inspired high- and low-support
conditions provided an ideal vehicle for the teachers to engage all their social-emotional
cognitive skills as they promoted the students’ understanding of themselves. The result
was an experimental situation that allowed the teachers to engage their maximal socialemotional cognitive capacity and facilitated the most robust comparisons to their
measured psychophysiologic correlates. At the end of the interaction, the teachers and
students were given a survey that included scales measuring the teacher-student
relationship and social perspective taking (see Appendices 3.3 and 3.4). The biometric
devices were then removed from the participants (see Table 1).
Psychophysiologic measures. Galvanic skin response (GSR) was the primary
measure of psychophysiologic synchrony for this study. GSR is a measure of electrical
conductance of the skin, used frequently in psychophysiological studies as an indicator of
emotional arousal (Lidberg & Wallin, 1981; Tranel & Damasio, 1994) and has been used
in prior studies of social interaction (Marci, Ham, Moran, & Orr, 2007). Measures of
GSR level were collected from both the teacher and student at the same time using the
Equivital GSR sensor, which interfaced with the EQ-01 device using a connection wired
to the front of the sensor electronics module (SEM). Data were synchronized using
Equivital LiveLink Software, which displayed real-time multiple data sets with full
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waveforms. To maintain the participants’ ability to write during the interaction, gelbased electrodes were used to measure GSR level on the third and fourth fingers of each
individual’s nondominant hand.
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Table 1
Data Collection Steps
Step

Timing

Condition and Task Details

0. Initial
completion of
survey that
included a TSR
scale

1-2 weeks
prior to
session

Baseline individual social-emotional cognitive
data collection via survey with TSR scale.
Sample question (Student): “How friendly is
<teacher’s name> toward you?”
Sample question (Teacher): How angry does
<student’s name> make you feel during class?

1. Watch baseline 4 minutes
video (student
and teacher)

Baseline psychophysiologic data collection

2. Writing/
drawing task

Low-support condition

5 minutes

Student task: During this time please answer the
following question: “Who are you?”

Teachers receive
instructions for
next phase
(interaction)
3. Teacher
interacts with
student on selfdirected teaching
task

Teacher task: “During this time, please write a
description of this student.”
15 minutes

High-support condition
Teacher-led interaction guided by following
goals:
1. Help support the student to reach a deeper
understanding of themselves
2. Following the interaction, be able to evaluate
the level of the student’s self-understanding

4. Modified
survey with TSR/
SPT scales

Immediately Second low-support condition
following
Sample question (Student): “How often did
<teacher’s name> try to figure out what emotions
you were feeling during the interaction?”
Sample question (Teacher): “In this interaction,
how often did <student’s name> do or say
something that negatively impacted your mood?”
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Teacher–Student Relationship (TSR) survey. Participants completed a survey
via Qualtrics of a modiﬁed version of the Teacher-Student Relationship (TSR) scale one
to two weeks prior to the interaction and again directly following the interaction. The
TSR is a 14-item, validated scale designed to assess the teacher and student’s perception
of their relationship (Gehlbach, Brinkworth, & Harris, 2012). TSR uses a unipolar
method with five anchors ranging from “none” to “a great deal.” The TSR scale has
separate subscales measuring both the positive and negative aspects of the relationship
between teacher and student. The TSR positivity subscale consists of nine items to assess
the positivity of perceptions of the teacher–student relationship, such as, “How friendly is
<teacher’s name/student’s name> toward you?” The internal consistency of the TSR
positivity subscale for students has shown very high reliability, with alphas of .93 for
students and .86 for teachers. The TSR negativity subscale (ﬁve items) included
questions such as, “How angry does <teacher’s name/student’s name> make you feel
during class?” The TSR negativity subscale has shown good reliability, with alphas of
.76 for students and .73 for teachers.
Immediately after the interaction, the teacher and student again completed a
modified version of the same survey via Qualtrics with speciﬁc reference to an
interaction that they had just completed. The TSR scale was modiﬁed to allow
assessment of the participants’ perceptions of their experience of the specific session in
which they had just engaged. Thus, in the modiﬁed version, “during class” was replaced
by “during this interaction,” or “in this learning activity.” A sample question from the
modiﬁed TSR was, “In this interaction, how often did <teacher’s name/student’s name>
do or say something that negatively impacted your mood?”
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Social Perspective Taking (SPT) survey. The survey which participants took
after their interaction also included a modiﬁed version of three Social Perspective Taking
(SPT) scales (confidence, effort, and propensity). The phrasing of the original SPT scale
items was again modified from “during class” to “during this interaction” or “in this
learning activity” to allow assessment of the participants’ perceptions of the interaction.
The SPT scales are validated measures which combined have 19 items designed to assess
teachers’ SPT capacities and the students’ perceptions of their teachers’ SPT capacities
(Gehlbach, Brinkworth, & Wang, 2012). The three scales use a unipolar method with
five anchors ranging from “none” to “a great deal.” Participants’ confidence in their SPT
abilities is measured through an SPT confidence scale (alpha = .88) with modified
questions such as, “How confident were you that you could understand what <student’s
name> was thinking when you were talking with them?” The SPT confidence scale was
only included in the teacher’s survey because it is too difficult for students to effectively
measure the confidence of their teachers (H. Gehlbach, personal communication January,
28, 2014). The SPT effort scale measures each participant’s effort to apply SPT during a
teacher–student interaction and included modified questions such as, “During the
interaction, how hard did you try to understand what < student's name> was feeling?” or
“During the activity, how hard did <teacher’s name> try to understand what you were
feeling?” The SPT propensity scale (alpha = .77) assesses how often participants report
engaging in SPT and included modified questions such as, “Overall, how often did you
try to understand the point of view of <student’s name>?” or “Overall, how often did
<teacher’s name> try to understand your point of view?” The students’ responses reflect
their perspectives on their teachers’ SPT efforts and propensity.

132
Data Processing
To create metrics of synchrony, a modified data processing approach was used
leveraging methods similar to those from previous studies (Marci, Ham, Moran, & Orr,
2007). First, data from the complete time series GSR from the teachers and students in
the low- and high-support conditions were used to calculate a measure of
psychophysiologic synchrony in each condition. Two time series of GSR data were
generated per condition (high and low), one for the teacher and one for the student. Each
time series had a temporal resolution of 2 Hz (or 0.5-second bins). GSR slope was then
averaged across each 0.5-second bin of raw GSR data within a moving 5-second window
(moving in 1-second increments). Slope was used as the index of GSR activity because it
normalized the variability in baseline absolute GSR levels (Marci et al., 2007; Marci &
Orr, 2006). This process created a new time series of 5-second averages of GSR at 1second increments. From this dataset, Pearson correlations with lag zero were then
calculated over successive running 15-second windows (corresponding to 15 slope
averages) between time-locked teacher and student GSR slope values in high- and lowsupport conditions. Lag zero was used because prior researchers have suggested that
synchrony occurs simultaneously rather than in a leader–follower pattern (Marci, Ham,
Moran, & Orr, 2007), a finding consistent with the assumption that teaching is a process
of cocreation rather than of a transmittal of information. This process created a new time
series of data (high- and low-support) containing the positive and negative correlation
indices between teacher and student at 1-second intervals. From this correlation data, a
series of potential metrics of synchrony between teacher and student were explored (see
Table 2 in Results for details on the metrics).
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Data Analyses
Synchrony Measures
Random vs. observed synchrony. As performed in other studies of
psychophysiologic synchrony, the first step in the analysis was to determine whether
observed levels of synchrony were significantly different than simple random correlations
between the teacher and student GSR levels (Marci et al., 2007; Yun et al., 2011). To
accomplish this goal, a hypothetical set of matched dyads was created from the teacher
and student data for each condition. The hypothetical dyads created random
combinations of the teacher and student data for all possible combinations, excluding
data from actual teacher–student pairs. Additionally, to minimize potential bias, data
were excluded for all potential hypothetical dyads generated within recombination of the
teacher–student dyads (e.g., Teacher 1 data from his or her interactions with Student 1
could have been hypothetically paired with Student 3 data from the interaction with
Teacher 1). These hypothetical interaction data were then analyzed and synchrony
metrics derived in the same fashion as was performed for actual interactions. Synchrony
metric descriptive statistics are presented for actual and hypothetical interactions for each
condition.
Next, crude testing was conducted to determine if the observed and hypothetical
measures of synchrony were significantly different. Ignoring the teacher and student
clustering, differences between conditions with respect to synchrony metrics were
assessed via t tests or Wilcoxon rank sum tests for normally and non-normally distributed
variables, respectively. Differences were then assessed using linear mixed-effects
models. Models included random student and teacher effects to account for clustering.
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Mixed-effects linear regression modeling was used to further evaluate these relationships.
The process accounted for the clustering by including a random student effect to mitigate
repeated synchrony measures among students (within the hypothetical dataset only) and a
random teacher effect to account for clustering of student within the teachers.
High vs. low support. The experimental task was designed to support the
teachers in reaching their optimal level of social-emotional cognition. In support of one
of the key hypotheses—that synchrony is related to interactive social-emotional cognition
(which the high-support condition was designed to support)—the data were then analyzed
to determine if significant differences existed in synchrony between low- and highsupport conditions. Synchrony metric descriptive statistics are presented for the low- and
high-support conditions for actual interactions only. Ignoring student clustering within
the teachers, differences between conditions with respect to synchrony metrics were
assessed using paired t tests or Wilcoxon signed rank tests for normally and non-normally
distributed variables, respectively. Differences were then assessed via linear mixedeffects models. Models included a random teacher effect to account for clustering.
These tests were repeated for each potential metric of synchrony that showed significant
differences from the random high-support dyads.
To address ordering, these analyses were also stratified by dyad. Because the
duration of high-support interactions was 3 times longer than the duration of the lowsupport interactions, I investigated whether differences between low- and high-support
conditions differed by high-support duration. This analysis was designed to examine
whether the longer duration of the high-support condition itself accounted for any
differences, compared to the much shorter duration low-support condition. Synchrony
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metrics were derived in consecutive high-support intervals with equal duration to the
low-support interaction within the same dyad. Ignoring teacher clustering, differences
between low-support and high-support condition subsets with respect to these metrics
were assessed via paired t test or Wilcoxon signed rank tests for normally and nonnormally distributed variables, respectively. Differences were then assessed via linear
mixed-effects models. Models included a random teacher effect to account for clustering.
Since multiple measures of synchrony showed significant differences between
low- and high-support conditions (suggesting a relationship to the teachers’ individual
social-emotional cognitions), a threshold p value of .2 was used for selecting which
synchrony measures would be applied in the next phase of the analysis, in which GSR
synchrony measures were compared to the individual social-emotional cognition
measures (TSR and SPT).
TSR and SPT in Comparison to GSR Synchrony
Main analyses. To explore the relationship between synchrony and TSR/SPT,
primary and secondary analyses were conducted. The main-effects analyses consisted of
a comparison of the postexperiment TSR component (positive and negative) levels and
the SPT component (propensity, confidence, and effort) levels with the candidate
measures of GSR based synchrony—both change in synchrony between low- and highsupport and change in synchrony for high-support only. Associations between highsupport synchrony metrics and survey collected measures of interest were examined
using Pearson correlations. To account for clustering, linear mixed-effects models were
also employed, including a random effect for the teacher. Pearson correlations and linear
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mixed-model analyses were also conducted to investigate associations between low- to
high-support synchrony differences and survey measures.
Secondary analyses. To examine how the level of TSR or SPT may have
affected the relationship with synchrony, the teacher and student TSR/SPT scores were
divided at the median (median split synchrony) and compared to the synchrony measures.
Results
Based on the prior literature and discussions with experts in the field, a candidate
list of teacher–student synchrony measures was created (see Table 2). The measures
were specifically designed to represent three domains of possible synchrony: intensity,
frequency, and duration. These domains are a traditional categorization used in
educational assessments and interventions (New York State Education Department, 2011;
Cunninggim 2015).
To determine if data collected on these measures reflected a phenomenon beyond
random associations, an analysis comparing actual versus hypothetical data in each
condition was performed. Tables 3 and 4 show the results of comparing the hypothetical
dyads to the real dyads from both baseline and low-support conditions, respectively,
using all of the potential measures of synchrony. The results are shown in unadjusted and
adjusted analyses controlling for nesting within teacher and repeated measures among
students. In both conditions, no significant differences were observed between the
hypothetical random and actual dyads, indicating that baseline and low-support did not
elicit more than background noise levels of synchrony.
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Table 2.
Definitions of Variables for Candidate Synchrony Metrics
Domain

Variable

Description

Intensity

avgpos

The average of the magnitude of the positive correlations

Intensity

avgneg

The average of the magnitude of the negative correlations

Intensity

avgpos_neg

avgpos + absval[avgneg]

Intensity

ratio

The sum of the magnitude of the positive correlations over
the sum of the magnitude of the negative correlations

Intensity

log_ratio

The log of ratio

Frequency

nratio

The number of positive correlations over the number of
negative correlations

Frequency

nlog_ratio

The log of nratio

Frequency

npos

The number of positive correlations

Frequency

nneg

The number of negative correlations

Frequency

pandnvsz

The number of positive correlations plus negative
correlations all over number of noncorrelations

Frequency

log_p_n_z

The log of pandnvsz

Frequency

pvsnandz

The number of positive correlations over number of
negative plus noncorrelations

Frequency

log_p_nz

The log of pvsnandz

Frequency

pvsz

The number of positive correlations over the number on
noncorrelations

Frequency

nvsz

The number of negative correlations over the number on
noncorrelations

Frequency

log_p_z

The log of pvsz

Frequency

log_n_z

The log of nvsz

Duration

durpos

Maximum number of consecutive positive correlations
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Table 3.
Synchrony Comparison Actual vs. Hypothetical Baseline Dyads
[0]Hypothetical
Dyad

[1]Actual
Dyad

p
value

Adjusted
p value

The average of the
magnitude of the
positive correlations
(avgpos)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.67 ± 0.07
0.66 (0.63 - 0.7)
0.52 - 1
1728, 30

0.67 ± 0.06
0.67 (0.65 - 0.71)
0.55 - 0.8
38, 6

.3829

.6714

The average of the
magnitude of the
negative correlations
(avgneg)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-0.65 ± 0.07
-0.64 (-0.68 - -0.61)
-1 - -0.52
1726, 32

-0.67 ± 0.08
-0.66 (-0.7 - -0.62)
-0.97 - -0.52
38, 6

.1594

.2734

The average of the
magnitude of the
positive correlations +
the absolute value of
the magnitude of
negative correlations
(avgpos_neg)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

1.32 ± 0.1
1.31 (1.26 - 1.37)
1.1 - 2
1696, 62

1.34 ± 0.09
1.33 (1.28 - 1.37)
1.13 - 1.62
37, 7

.2283

.3518

Log of ratio of
magnitude of positive
over negative
correlations (log_ratio)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.3 ± 1.22
0.24 (-0.46 - 1.06)
-4.06 - 4.15
1696, 62

0.44 ± 1.12
0.5 (-0.27 - 1.14)
-1.74 - 2.76
37, 7

.4544

.4697

Log of ratio of
frequency of positive
over negative
correlations
(nlog_ratio)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.28 ± 1.16
0.23 (-0.46 - 0.99)
-3.58 - 3.91
1696, 62

0.41 ± 1.06
0.47 (-0.27 - 0.98)
-1.76 - 2.85
37, 7

.4353

.4557

Log of the number of
positive correlations
plus negative
correlations all over
number of
noncorrelations
(log_p_n_z)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.17 ± 0.6
-1.13 (-1.51 - -0.84)
-4.03 - 2.4
1751, 7

-1.08 ± 0.98
-1.13 (-1.55 - -0.75)
-2.59 - 3.56
39, 5

.8639

.3084

Log of the number of
positive correlations
over number of
negative plus
noncorrelations
(log_p_nz)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-2.01 ± 0.79
-1.92 (-2.42 - -1.48)
-5.14 - 1.25
1728, 30

-1.95 ± 0.7
-1.8 (-2.5 - -1.51)
-3.51 - -0.84
38, 6

.6674

.5710
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[0]Hypothetical
Dyad

[1]Actual
Dyad

p
value

Adjusted
p value

The log of the number
of positive correlations
over the number of
noncorrelations
(log_p_z)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.86 ± 0.8
-1.78 (-2.29 - -1.34)
-5.1 - 2.23
1727, 31

-1.81 ± 0.72
-1.66 (-2.35 - -1.36)
-3.47 - -0.62
38, 6

.6774

.6167

The log of the number
of negative
correlations over the
number of
noncorrelations
(log_n_z)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-2.13 ± 0.91
-2 (-2.6 - -1.55)
-5.08 - 2.23
1719, 39

-2.06 ± 1.32
-2.1 (-2.73 - -1.54)
-4.37 - 3.56
38, 6

.8182

.5856

The maximum number
of consecutive positive
correlations (durpos)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

10.49 ± 6.05
9 (6 - 14)
0 - 60
1758, 0

10.61 ± 5.59
9.5 (7 - 14.5)
0 - 27
44, 0

.7425

.9015

Table 4.
Synchrony Comparison Actual vs. Hypothetical Low-Support Dyads
[0]Hypothetical
Dyad

[1]Actual
Dyad

p
Adjusted
value p value

The average of the
magnitude of the positive
correlations (avgpos)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.67 ± 0.06
0.67 (0.63 - 0.7)
0.53 - 1
1721, 4

0.68 ± 0.06
0.68 (0.63 - 0.7)
0.59 - 0.92
38, 5

.3654

0.3243

The average of the
magnitude of the negative
correlations (avgneg)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-0.65 ± 0.05
-0.65 (-0.67 - -0.62)
-0.99 - -0.53
1723, 2

-0.65 ± 0.04
.6084
-0.65 (-0.68 - -0.62)
-0.77 - -0.58
38, 5

0.8756

The average of the
magnitude of the positive
correlations + the absolute
value of the magnitude of
negative correlations
(avgpos_neg)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

1.32 ± 0.09
1.31 (1.27 - 1.36)
1.1 - 1.9
1719, 6

1.33 ± 0.09
1.32 (1.27 - 1.36)
1.21 - 1.68
38, 5

.3765

0.4798

Log of ratio of magnitude
of positive over negative
correlations (log_ratio)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.17 ± 0.94
0.17 (-0.37 - 0.72)
-3.75 - 3.54
1719, 6

0.13 ± 0.76
0.12 (-0.4 - 0.6)
-1.61 - 1.67
38, 5

.7757

0.7601
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[0]Hypothetical
Dyad

[1]Actual
Dyad

p
Adjusted
value p value

Log of ratio of frequency
of positive over negative
correlations (nlog_ratio)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.14 ± 0.9
0.13 (-0.38 - 0.66)
-3.74 - 3.4
1719, 6

0.09 ± 0.72
0.06 (-0.36 - 0.49)
-1.58 - 1.55
38, 5

.7159

.6960

Log of the number of
positive correlations plus
negative correlations all
over number of
noncorrelations
(log_p_n_z)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.17 ± 0.49
-1.17 (-1.44 - -0.9)
-2.91 - 3.42
1725, 0

-1.15 ± 0.42
.7634
-1.18 (-1.44 - -0.77)
-1.94 - -0.22
38, 5

.9482

Log of the number of
positive correlations over
number of negative plus
noncorrelations (log_p_nz)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-2.03 ± 0.67
-1.97 (-2.39 - -1.6)
-5.66 - 0.86
1721, 4

-2.01 ± 0.53
.9921
-2.04 (-2.32 - -1.58)
-3.46 - -1.19
38, 5

.9682

The log of the number of
positive correlations over
the number of
noncorrelations (log_p_z)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.88 ± 0.69
-1.83 (-2.25 - -1.46)
-5.54 - 3
1721, 4

-1.86 ± 0.54
.9364
-1.91 (-2.19 - -1.36)
-3.3 - -1
38, 5

.9553

The log of the number
of negative correlations
over the number of
noncorrelations (log_n_z)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-2.02 ± 0.68
-1.96 (-2.37 - -1.59)
-4.89 - 2.35
1723, 2

-1.95 ± 0.6
.5057
-1.95 (-2.31 - -1.57)
-3.56 - -0.61
38, 5

.5351

The maximum number of
consecutive positive
correlations (durpos)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

12.38 ± 6.04
11 (8 - 16)
0 - 48
1725, 0

12 ± 4.19
11 (9 - 15)
4 - 21
43, 0

.6716

.9790

Table 5 shows a similar analysis involving comparisons of actual and hypothetical
dyads in the high-support condition during which the teachers were instructed to support
the students’ cognition. Most of the candidate synchrony measures were significantly
higher in the actual dyads compared to the hypothetical dyads. This result supports the
proposition that teacher–student interactions are associated with greater than random
levels of synchrony. All the candidate measures that were not significantly different
involved negative measures of synchrony that were all exploratory in nature based on the

141
idea that teachers might purposefully create asynchrony to support student learning. The
lone exception to this was one duration synchrony measure (durpos), which was higher in
the actual dyads but not significantly (p = .19).
Table 5.
Synchrony Comparison Actual vs. Hypothetical High-Support Dyads
[0]Hypothetical
Dyad

[1]Actual
Dyad

p
Adjusted p
value
value

The average of the
magnitude of the
positive correlations
(avgpos)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.67 ± 0.05
0.67 (0.64 - 0.69)
0.52 - 1
1670, 13

0.68 ± 0.06
0.67 (0.66 - 0.7)
0.58 - 0.97
38, 5

.0709

.1686

The average of the
magnitude of the
negative correlations
(avgneg)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-0.66 ± 0.05
-0.65 (-0.67 - -0.64)
-1 - -0.52
1662, 21

-0.65 ± 0.06
-0.65 (-0.67 - -0.64)
-0.94 - -0.54
37, 6

.4421

.6792

The average of the
magnitude of the
positive correlations +
the absolute value of
the magnitude of
negative correlations
(avgpos_neg)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

1.33 ± 0.09
1.32 (1.29 - 1.35)
1.11 - 1.99
1652, 31

1.34 ± 0.1
1.32 (1.3 - 1.34)
1.27 - 1.91
37, 6

.4592

.4056

Log of ratio of
magnitude of positive
over negative
correlations (log_ratio)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.07 ± 0.66
0.08 (-0.25 - 0.41)
-3.86 - 3.51
1652, 31

0.43 ± 0.76
0.37 (-0.14 - 0.64)
-0.75 - 3.31
37, 6

.0035

.0012

Log of ratio of
frequency of positive
over negative
correlations (nlog_ratio)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.05 ± 0.64
0.07 (-0.27 - 0.38)
-3.95 - 3.61
1652, 31

0.38 ± 0.7
0.37 (-0.15 - 0.68)
-0.7 - 3
37, 6

.0042

.0019

Log of the number of
positive correlations
plus negative
correlations all over
number of
noncorrelations
(log_p_n_z)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.12 ± 0.51
-1.16 (-1.32 - -1)
-4.03 - 3.97
1676, 7

-1.11 ± 0.56
-1.09 (-1.22 - -0.91)
-3.25 - 0.92
38, 5

.1395

.9773
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[0]Hypothetical
Dyad

[1]Actual
Dyad

p
Adjusted p
value
value

Log of the number of
positive correlations
over number of
negative plus
noncorrelations
(log_p_nz)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.98 ± 0.54
-1.96 (-2.23 - -1.75)
-5.07 - 2.46
1670, 13

-1.82 ± 0.46
-1.81 (-2.09 - -1.46)
-3.25 - -0.75
38, 5

.0089

.0642

The log of the number
of positive correlations
over the number of
noncorrelations
(log_p_z)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.82 ± 0.59
-1.82 (-2.08 - -1.6)
-5.02 - 2.89
1666, 17

-1.67 ± 0.52
-1.7 (-1.98 - -1.34)
-3.25 - 0.12
38, 5

.0116

.1166

The log of the number
of negative correlations
over the number of
noncorrelations
(log_n_z)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.87 ± 0.56
-1.89 (-2.11 - -1.68)
-4.1 - 3.56
1658, 25

-2.01 ± 0.73
-1.98 (-2.17 - -1.67)
-4.79 - 0.32
37, 6

.3623

.1276

The maximum number
of consecutive positive
correlations (durpos)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

16.44 ± 6.51
16 (13 - 20)
0 - 49
1683, 0

17.51 ± 5.7
17 (15 - 21)
3 - 29
43, 0

.1964

.2192

Table 6 shows the observed differences in all of the candidate synchrony
measures between low- and high-support conditions. This analysis was designed to
determine if supported teacher–student interactions (high support) were associated with
higher levels of synchrony. Most metrics involving positive measures of synchrony
showed increases between low and high support. In particular, in unadjusted and/or
adjusted analyses, log_ratio, nlog_ratio, log_p_nz, log_p_z, and durpos (marked with
asterisks) all showed significant differences and were chosen to advance the candidate
measure on to the next step in the analysis. As in the prior analyses, the measures of
synchrony using negative metrics were uniformly nonsignificant.
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Table 7 shows the results of an analysis designed to check for possible differences
in relationships over the duration of the interaction. In this analysis, the high-support
condition was divided into three equal periods of about 5 minutes, equivalent to the 5minute low-support condition length. The differences between low- and high-support
conditions appeared strongest in the first period of high support. The second and third
segments of high support did not show statistically significant differences between low
and high support; however, the key variables of log_ratio and nlog_ratio showed trends
consistent with findings shown in Table 6, revealing significantly more synchrony in the
high-support condition using these two metrics.
Table 8 shows the presence of order effects in the differences in synchrony
between low and high support. By visual inspection, there were no discernible patterns
of any of the synchrony variables when examined by the order of interaction between the
teacher and student (01 represents the first dyad for a specific teacher, 02 the second
dyad, and so forth); however, the analysis was limited by the small sample sizes in each
dyad position, and therefore, the power was too low to warrant statistical testing.
Table 9 shows additional types of potential order effects. The first dyad was
eliminated to remove the potential effect of a slow start in creating synchrony (e.g. the
teacher didn’t achieve full comfort until after the first interaction). The sixth dyad was
removed because there were too few to support statistical testing (e.g. most teachers only
had four or five dyads). A comparison of the differences in synchrony between high and
low support (excluding Dyads 1 and 6) showed that increases in synchrony patterns were
unchanged. The variables logratio and nlogratio still showed substantial increases.

Table 6.
Synchrony Comparison of Low and High Support

[02]Low Support

[03]High Support

p value

Adjusted
p value

The average of the magnitude
of the positive correlations

Avgpos

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.68 ± 0.06
0.68 (0.63 - 0.7)
0.59 - 0.92
38, 0

0.68 ± 0.06
0.67 (0.66 - 0.7)
0.58 - 0.97
38, 0

.7706

.6203

The average of the magnitude
of the negative correlations

Avgneg

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-0.65 ± 0.04
-0.65 (-0.68 - -0.62)
-0.77 - -0.58
37, 0

-0.65 ± 0.06
-0.65 (-0.67 - -0.64)
-0.94 - -0.54
37, 0

.9352

.8611

The average of the magnitude
of the positive correlations +
the absolute value of the
magnitude of negative
correlations

avgpos_neg

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

1.33 ± 0.09
1.32 (1.27 - 1.36)
1.21 - 1.68
37, 0

1.34 ± 0.1
1.32 (1.3 - 1.34)
1.27 - 1.91
37, 0

.7393

.5558

Log of ratio of magnitude of
positive over negative
correlations

log_ratio*

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.17 ± 0.71
0.12 (-0.34 - 0.6)
-1.18 - 1.67
37, 0

0.43 ± 0.76
0.37 (-0.14 - 0.64)
-0.75 - 3.31
37, 0

.0928

.0620

Log of ratio of frequency of
positive over negative
correlations

nlog_ratio*

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.13 ± 0.68
0.06 (-0.33 - 0.49)
-1.1 - 1.55
37, 0

0.38 ± 0.7
0.37 (-0.15 - 0.68)
-0.7 - 3
37, 0

.0959

.0564
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[02]Low Support

[03]High Support

p value

Adjusted
p value

Log of the number of positive log_p_n_z
correlations plus negative
correlations all over number of
noncorrelations

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.15 ± 0.42
-1.18 (-1.44 - -0.77)
-1.94 - -0.22
38, 0

-1.11 ± 0.56
-1.09 (-1.22 - -0.91)
-3.25 - 0.92
38, 0

.7061

.7310

Log of the number of positive
correlations over number of
negative plus noncorrelations

log_p_nz*

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-2.01 ± 0.53
-2.04 (-2.32 - -1.58)
-3.46 - -1.19
38, 0

-1.82 ± 0.46
-1.81 (-2.09 - -1.46)
-3.25 - -0.75
38, 0

.0317

.0401

The log of the number of
positive correlations over the
number of noncorrelations

log_p_z*

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.86 ± 0.54
-1.91 (-2.19 - -1.36)
-3.3 - -1
38, 0

-1.67 ± 0.52
-1.7 (-1.98 - -1.34)
-3.25 - 0.12
38, 0

.0515

.0590

The log of the number of
negative correlations over the
number of noncorrelations

log_n_z

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.95 ± 0.61
-1.97 (-2.31 - -1.57)
-3.56 - -0.61
37, 0

-2.01 ± 0.73
-1.98 (-2.17 - -1.67)
-4.79 - 0.32
37, 0

.7505

.6482

The maximum number of
consecutive positive
correlations

durpos*

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

11.97 ± 4.3
11 (9 - 15)
4 - 21
38, 0

18.21 ± 5.58
17.5 (15 - 21)
3 - 29
38, 0

<.0001

<.0001

* showed significant differences and were chosen to advance the candidate measure on to the next step in the analysis
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Table 7.
Synchrony Comparison of Low and High Support Breaking High Support into Three Periods each the Length of the LowSupport Period
Period 1

[02]Low
Support

[03]High
Support

Period 2
p value
Adjusted
p value

[02]Low
Support

[03]High
Support

Period 3
p value
Adjusted
p value

[02]Low
Support

[03]High
Support

p value
Adjusted
p value

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

0.68 ± 0.06
0.68
(0.63 - 0.7)
0.59 - 0.92
38, 0

0.69 ± 0.07
0.68
(0.65 - 0.72)
0.58 - 0.97
38, 0

.2859
.2517

0.67 ± 0.05
0.68
(0.63 - 0.7)
0.59 - 0.78
34, 0

0.67 ± 0.04
0.67
(0.65 - 0.69)
0.56 - 0.74
34, 0

.5933
.4159

0.67 ± 0.05
0.68
(0.63 - 0.7)
0.59 - 0.78
33, 0

0.65 ± 0.04
0.66
(0.62 - 0.68)
0.56 - 0.75
33, 0

.0500
.0321

The average of
the magnitude of
the negative
correlations
(avgneg)

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

-0.65 ± 0.04
-0.65
(-0.68 - -0.62)
-0.77 - -0.58
37, 0

-0.64 ± 0.04
-0.64
(-0.67 - -0.61)
-0.72 - -0.54
37, 0

.1592
.1582

-0.65 ± 0.04
-0.65
(-0.68 - -0.62)
-0.77 - -0.58
33, 0

-0.65 ± 0.05
-0.65
(-0.66 - -0.63)
-0.83 - -0.58
33, 0

.8958
.9586

-0.65 ± 0.04
-0.65
(-0.68 - -0.62)
-0.77 - -0.58
34, 0

-0.66 ± 0.07
-0.66
(-0.68 - -0.61)
-0.98 - -0.56
34, 0

.7442
.6443

The average of
the magnitude of
the positive
correlations + the
absolute value of
the magnitude of
negative
correlations
(avgpos_neg)

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

1.33 ± 0.09
1.32
(1.27 - 1.36)
1.21 - 1.68
37, 0

1.34 ± 0.08
1.32
(1.29 - 1.36)
1.25 - 1.69
37, 0

.8073
.8379

1.32 ± 0.07
1.32
(1.27 - 1.36)
1.21 - 1.46
33, 0

1.32 ± 0.06
1.31
(1.29 - 1.36)
1.21 - 1.52
33, 0

.9393
.6258

1.32 ± 0.07
1.32
(1.27 - 1.36)
1.21 - 1.46
33, 0

1.3 ± 0.07
1.32
(1.25 - 1.36)
1.17 - 1.43
33, 0

.1948
.1159

Log of ratio of
magnitude of
positive over
negative
correlations
(log_ratio)

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

0.17 ± 0.71
0.12
(-0.34 - 0.6)
-1.18 - 1.67
37, 0

0.5 ± 1.02
0.48
(-0.22 - 1.22)
-1.38 - 3.31
37, 0

.0582
.0406

0.22 ± 0.72
0.15 (-0.21 0.65)
-1.18 - 1.67
33, 0

0.29 ± 0.85
0.25 (-0.37 0.87)
-1.69 - 1.83
33, 0

.7155
.4694

0.17 ± 0.72
0.12 (-0.34 0.6)
-1.18 - 1.67
33, 0

0.32 ± 1.01
0.32 (-0.33 0.76)
-1.64 - 2.49
33, 0

.4186
.3311
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The average of
the magnitude of
the positive
correlations
(avgpos)

Period 1

[02]Low
Support

[03]High
Support

Period 2
p value
Adjusted
p value

[02]Low
Support

[03]High
Support

Period 3
p value
Adjusted
p value

[02]Low
Support

[03]High
Support

p value
Adjusted
p value

Log of ratio of
frequency of
positive over
negative
correlations
(nlog_ratio)

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

0.13 ± 0.68
0.06
(-0.33 - 0.49)
-1.1 - 1.55
37, 0

0.42 ± 0.93
0.41
(-0.28 - 1.06)
-1.36 - 3
37, 0

.0723
.0503

0.18 ± 0.68
0.07
(-0.27 - 0.57)
-1.1 - 1.55
33, 0

0.26 ± 0.84
0.29
(-0.37 - 0.83)
-1.78 - 2.01
33, 0

.6781
.4223

0.13 ± 0.69
0.06
(-0.33 - 0.49)
-1.1 - 1.55
33, 0

0.31 ± 0.96
0.31
(-0.33 - 0.72)
-1.55 - 2.4
33, 0

.3308
.2492

Log of the
number of
positive
correlations plus
negative
correlations all
over number of
noncorrelations
(log_p_n_z)

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

-1.15 ± 0.42
-1.18
(-1.44 - -0.77)
-1.94 - -0.22
38, 0

-1.1 ± 0.59
-1.06
(-1.4 - -0.82)
-3.25 - 0.32
38, 0

.4399
.6237

-1.15 ± 0.41
-1.13
(-1.42 - -0.77)
-1.94 - -0.45
34, 0

-1.15 ± 0.53
-1.02
(-1.35 - -0.83)
-3.32 - -0.49
34, 0

.7570
.9483

-1.16 ± 0.41
-1.15
(-1.42 - -0.77)
-1.94 - -0.45
33, 0

-1.19 ± 0.49
-1.18
(-1.48 - -0.85)
-2.48 - -0.45
33, 0

.7889
.7035

Log of the
number of
positive
correlations over
number of
negative plus
noncorrelations
(log_p_nz)

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

-2.01 ± 0.53
-2.04
(-2.32 - -1.58)
-3.46 - -1.19
38, 0

-1.82 ± 0.66
-1.81
(-2.26 - -1.44)
-3.25 - -0.11
38, 0

.0551
.0551

-1.97 ± 0.5
-2.04
(-2.32 - -1.42)
-2.97 - -1.19
34, 0

-1.92 ± 0.67
-1.74
(-2.17 - -1.49)
-3.85 - -1.06
34, 0

.6213
.5844

-1.99 ± 0.49
-2.04
(-2.32 - -1.58)
-2.97 - -1.19
33, 0

-1.97 ± 0.62
-1.97
(-2.43 - -1.59)
-2.96 - -0.62
33, 0

.9251
.8005

The log of the
number of
positive
correlations over
the number of
noncorrelations
(log_p_z)

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

-1.86 ± 0.54
-1.91
(-2.19 - -1.36)
-3.3 - -1
38, 0

-1.68 ± 0.67
-1.7
(-2.12 - -1.21)
-3.25 - 0.12
38, 0

.0792
.0792

-1.82 ± 0.51
-1.89
(-2.19 - -1.32)
-2.8 - -1
34, 0

-1.79 ± 0.68
-1.61
(-2 - -1.31)
-3.75 - -0.99
34, 0

.7065
.6550

-1.84 ± 0.5
-1.9
(-2.19 - -1.37)
-2.8 - -1
33, 0

-1.84 ± 0.62
-1.77
(-2.33 - -1.44)
-2.93 - -0.56
33, 0

.9912
.8960
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Period 1

[02]Low
Support

[03]High
Support

Period 2
p value
Adjusted
p value

[02]Low
Support

[03]High
Support

Period 3
p value
Adjusted
p value

[02]Low
Support

[03]High
Support

p value
Adjusted
p value

The log of the
number of
negative
correlations over
the number of
noncorrelations
(log_n_z)

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

-1.95 ± 0.61
-1.97
(-2.31 - -1.57)
-3.56 - -0.61
37, 0

-2.06 ± 0.74
-1.94
(-2.32 - -1.7)
-4.79 - -0.72
37, 0

.5000
.4266

-2 ± 0.57
-1.97
(-2.31 - -1.58)
-3.56 - -1.18
33, 0

-2 ± 0.54
-1.97
(-2.28 - -1.56)
-3.48 - -1.16
33, 0

.9791
.7071

-1.97 ± 0.59
-1.92
(-2.31 - -1.57)
-3.56 - -1.07
33, 0

-2.15 ± 0.74
-2.21
(-2.64 - -1.79)
-4 - -0.91
33, 0

.2414
.1776

The maximum
number of
consecutive
positive
correlations
(durpos)

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

11.97 ± 4.3
11
(9 - 15)
4 - 21
38, 0

14.39 ± 5.9
14.5
(10 - 18)
3 - 29
38, 0

.0609
.0309

12.5 ± 4.18
11
(9 - 16)
6 - 21
34, 0

13.56 ± 6.12
13
(9 - 17)
3 - 26
34, 0

.4339
.2131

12.35 ± 4.25
11
(9 - 16)
6 - 21
34, 0

11.56 ± 6.12
11
(7 - 15)
0 - 27
34, 0

.5261
.7214
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Table 8.
Synchrony Low and High Support Difference by Dyad
01

02

03

04

05

06

avgpos_d

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

0.02 ± 0.05
0.02
(-0.02 - 0.06)
-0.06 - 0.08
7, 1

0.02 ± 0.04
0.01
(-0.01 - 0.07)
-0.03 - 0.07
6, 2

0.01 ± 0.07
-0.01
(-0.03 - 0.07)
-0.08 - 0.12
8, 0

0 ± 0.06
0.01
(-0.04 - 0.04)
-0.11 - 0.07
8, 0

-0.03 ± 0.03
-0.02
(-0.06 - 0)
-0.06 - 0.01
7, 2

0.02 ± 0.02
0.02
(0 - 0.03)
0 - 0.03
2, 0

The average of the
magnitude of the
negative correlations

avgneg_d

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

-0.04 ± 0.03
-0.04
(-0.06 - -0.01)
-0.07 - 0
7, 1

0 ± 0.03
0.03 ± 0.05
0 (-0.03 - 0.03) 0.04
-0.04 - 0.04
(-0.02 - 0.08)
6, 2
-0.02 - 0.1
8, 0

-0.02 ± 0.08
-0.01
(-0.06 - 0.03)
-0.18 - 0.08
8, 0

0.03 ± 0.03
0.03
(-0.01 - 0.05)
-0.02 - 0.06
6, 3

-0.01 ± 0.04
-0.01
(-0.04 - 0.02)
-0.04 - 0.02
2, 0

The average of the
avgpos_neg_d Mean ± SD
magnitude of the
Median
positive correlations +
(IQR)
the absolute value of the
Min - Max
magnitude of negative
N, NMiss
correlations

0.06 ± 0.06
0.07
(0 - 0.1)
-0.02 - 0.15
7, 1

0.02 ± 0.06
0.03
(-0.01 - 0.05)
-0.07 - 0.11
6, 2

-0.02 ± 0.07
0.01
(-0.1 - 0.04)
-0.12 - 0.05
8, 0

0.02 ± 0.12
-0.01
(-0.08 - 0.1)
-0.11 - 0.23
8, 0

-0.05 ± 0.04
-0.05
(-0.08 - -0.04)
-0.1 - 0.01
6, 3

0.03 ± 0.02
0.03
(0.01 - 0.04)
0.01 - 0.04
2, 0

Log of ratio of
magnitude of positive
over negative
correlations

log_ratio_d

-0.29 ± 0.78
-0.37
(-0.85 - 0.6)
-1.41 - 0.82
7, 1

0.47 ± 0.77
0.6
(-0.17 - 1.19)
-0.65 - 1.26
6, 2

0.66 ± 1.3
0.7
(-0.12 - 1.05)
-1.2 - 3.24
8, 0

0.09 ± 0.56
0.16
(-0.4 - 0.56)
-0.66 - 0.78
8, 0

0.39 ± 0.77
0.26
(-0.04 - 1.24)
-0.69 - 1.32
6, 3

0.08 ± 0.93
0.08
(-0.58 - 0.74)
-0.58 - 0.74
2, 0

Log of ratio of
frequency of positive
over negative
correlations

nlog_ratio_d Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

-0.26 ± 0.81
-0.38
(-0.89 - 0.62)
-1.39 - 0.88
7, 1

0.44 ± 0.72
0.58
(-0.1 - 1.11)
-0.68 - 1.15
6, 2

0.6 ± 1.23
0.58
(-0.18 - 1.07)
-1.13 - 2.96
8, 0

0.13 ± 0.5
0.11
(-0.3 - 0.62)
-0.58 - 0.74
8, 0

0.39 ± 0.73
0.23
(-0.03 - 1.21)
-0.59 - 1.26
6, 3

0.07 ± 0.84
0.07
(-0.52 - 0.67)
-0.52 - 0.67
2, 0

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss
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The average of the
magnitude of the
positive correlations

01

02

03

04

05

06

Log of the number of
positive correlations
plus negative
correlations all over
number of noncorrelations

log_p_n_z_d Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

0.4 ± 0.25
0.34
(0.21 - 0.61)
0.13 - 0.86
7, 1

0.14 ± 0.49
0.07
(-0.19 - 0.53)
-0.46 - 0.8
6, 2

-0.02 ± 0.3
0.02
(-0.29 - 0.19)
-0.43 - 0.45
8, 0

0.18 ± 0.65
0.01
(-0.31 - 0.67)
-0.51 - 1.18
8, 0

-0.58 ± 0.67
-0.35
(-0.94 - -0.25)
-1.72 - 0.36
7, 2

0.17 ± 0.88
0.17
(-0.45 - 0.79)
-0.45 - 0.79
2, 0

Log of the number of
positive correlations
over number of
negative plus noncorrelations

log_p_nz_d

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

0.24 ± 0.37
0.1
(-0.08 - 0.6)
-0.21 - 0.73
7, 1

0.37 ± 0.75
0.47
(-0.18 - 0.99)
-0.77 - 1.26
6, 2

0.24 ± 0.54
0.31
(0.12 - 0.55)
-0.94 - 0.86
8, 0

0.21 ± 0.57
0.17
(-0.22 - 0.63)
-0.55 - 1.04
8, 0

-0.08 ± 0.37
-0.02
(-0.29 - 0.22)
-0.8 - 0.29
7, 2

0.17 ± 1.28
0.17
(-0.74 - 1.08)
-0.74 - 1.08
2, 0

The log of the number log_p_z_d
of positive correlations
over the number of noncorrelations

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

0.3 ± 0.35
0.23
(0 - 0.6)
-0.14 - 0.85
7, 1

0.36 ± 0.77
0.41
(-0.2 - 1.04)
-0.79 - 1.27
6, 2

0.21 ± 0.51
0.25
(0.13 - 0.53)
-0.91 - 0.76
8, 0

0.25 ± 0.7
0.15
(-0.25 - 0.68)
-0.6 - 1.48
8, 0

-0.18 ± 0.37
-0.11
(-0.36 - 0.16)
-0.89 - 0.16
7, 2

0.18 ± 1.34
0.18
(-0.77 - 1.13)
-0.77 - 1.13
2, 0

The log of the number log_n_z_d
of negative correlations
over the number of noncorrelations

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

0.56 ± 0.61
0.75
(-0.03 - 0.87)
-0.42 - 1.39
7, 1

-0.08 ± 0.39
-0.01
(-0.11 - 0.17)
-0.8 - 0.28
6, 2

-0.39 ± 1.02
-0.08
(-0.59 - 0.12)
-2.68 - 0.68
8, 0

0.13 ± 0.76
-0.18
(-0.36 - 0.55)
-0.6 - 1.59
8, 0

-0.6 ± 0.79
-0.73
(-1.06 - -0.33)
-1.5 - 0.75
6, 3

0.11 ± 0.5
0.11
(-0.24 - 0.46)
-0.24 - 0.46
2, 0

The maximum number
of consecutive positive
correlations

Mean ± SD
Median
(IQR)
Min - Max
N, NMiss

8.38 ± 6.78
6 (4 - 13.5)
0 - 20
8, 0

6.63 ± 8.45
4.5 (0 - 14)
-3 - 19
8, 0

7.25 ± 5.06
6.5 (4.5 - 9.5)
0 - 17
8, 0

6 ± 5.55
5.5 (3 - 8)
-2 - 17
8, 0

0.56 ± 4.42
0 (-1 - 3)
-6 - 9
9, 0

3 ± 4.24
3 (0 - 6)
0-6
2, 0

durpos_d
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Table 9.
Synchrony Comparison of Low and High Support (Excluding Dyads 1 and 6)
[02]Low
Support

[03]High
Support

Adjusted
p value p value

The average of the
magnitude of the
positive correlations
(avgpos)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.69 ± 0.06
0.68 (0.66 - 0.71)
0.59 - 0.92
29, 0

0.69 ± 0.07
0.68 (0.66 - 0.7)
0.58 - 0.97
29, 0

.7599

.9816

The average of the
magnitude of the
negative correlations
(avgneg)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-0.66 ± 0.04
-0.66 (-0.68 - -0.64)
-0.77 - -0.6
28, 0

-0.66 ± 0.06
-0.64 (-0.67 - -0.63)
-0.94 - -0.54
28, 0

.1997

.4750

The average of the
magnitude of the
positive correlations +
the absolute value of
the magnitude of
negative correlations
(avgpos_neg)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

1.35 ± 0.09
1.35 (1.31 - 1.37)
1.23 - 1.68
28, 0

1.35 ± 0.12
1.32 (1.29 - 1.36)
1.27 - 1.91
28, 0

.4355

.7223

Log of ratio of
magnitude of positive
over negative
correlations
(log_ratio)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.1 ± 0.71
0.13 (-0.4 - 0.62)
-1.18 - 1.3
28, 0

0.5 ± 0.78
0.45 (-0.04 - 0.72)
-0.48 - 3.31
28, 0

.0172

.0156

Log of ratio of
frequency of positive
over negative
correlations
(nlog_ratio)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

0.07 ± 0.68
0.07 (-0.4 - 0.53)
-1.1 - 1.25
28, 0

0.45 ± 0.72
0.41 (-0.08 - 0.69)
-0.51 - 3
28, 0

.0185

.0133

Log of the number of
positive correlations
plus negative
correlations all over
number of
noncorrelations
(log_p_n_z)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.05 ± 0.41
-0.97 (-1.4 - -0.74)
-1.94 - -0.22
29, 0

-1.11 ± 0.62
-1.12 (-1.22 - -0.9)
-3.25 - 0.92
29, 0

.4919

.5544

Log of the number of
positive correlations
over number of
negative plus
noncorrelations
(log_p_nz)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.97 ± 0.57
-2.04 (-2.22 - -1.42)
-3.46 - -1.19
29, 0

-1.79 ± 0.46
-1.81 (-2.06 - -1.44)
-3.25 - -0.75
29, 0

.0737

.0950
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[02]Low
Support

[03]High
Support

Adjusted
p value p value

The log of the number
of positive
correlations over the
number of
noncorrelations
(log_p_z)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.8 ± 0.57
-1.78 (-2.1 - -1.32)
-3.3 - -1
29, 0

-1.64 ± 0.55
-1.7 (-1.94 - -1.3)
-3.25 - 0.12
29, 0

.1670

.1661

The log of the number
of negative
correlations over the
number of
noncorrelations
(log_n_z)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

-1.81 ± 0.58
-1.77 (-2.19 - -1.42)
-3.45 - -0.61
28, 0

-2.03 ± 0.81
-2 (-2.37 - -1.63)
-4.79 - 0.32
28, 0

.1293

.1472

The maximum
number of
consecutive positive
correlations
(durpos)

Mean ± SD
Median (IQR)
Min - Max
N, NMiss

12.62 ± 4.69
12 (9 - 16)
4 - 21
29, 0

18.28 ± 5.45
18 (16 - 21)
3 - 28
29, 0

<.0001

<.0001

Table 10 shows the correlation coefficients, unadjusted p values and adjusted
p values between the final candidate synchrony metrics from high support (p value < .2)
and the TSR/SPT component variables. Since log_ratio and nlog_ratio were the strongest
measures of synchrony and the ones used in prior literature, the remainder of the analysis
will focus on them. Among the student TSR/SPT measures, moderate correlations
(marked with one asterisk) were observed between synchrony and SPT effort of their
teachers during interaction. Low-moderate correlations (marked with two asterisks) were
observed for TSR Negative attitudes toward their general relationship. Among the
teacher variables, moderate correlations (marked with one asterisk) were observed for
TSR Negative attitudes toward the interaction.
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Table 10.
High-Support Correlation Matrix between Synchrony vs. Survey Variables of Interest
log_p_nz
nlog_ratio
log_ratio

Log of ratio
Log of ratio of of frequency
magnitude of of positive
positive over
over
negative
negative
correlations correlations

log_p_z

Log of the The log of the
number of
number of
positive
positive
correlations correlations
over number
over the
of negative number of
plus nonnoncorrelations correlations

durpos
The
maximum
number of
consecutive
positive
correlations

Stud_Post_Mot_Mean
Corr
Student reported Motivation p value
for interaction
Adjusted
N

-0.19
0.37
0.43
24

-0.22
0.30
0.35
24

0.07
0.76
0.96
25

0.13
0.52
0.74
25

0.01
0.94
0.97
29

Stud_Post_SPTE_Mean
Corr
Student reported SPT Effort p value
of teacher during interaction Adjusted
N

-0.28**
0.19
0.23
24

-0.30*
0.16
0.19
24

0.08
0.70
0.59
25

0.18
0.40
0.30
25

-0.17
0.38
0.40
29

Stud_Post_SPTP_Mean
Student reported SPT
Propensity of teacher during
interaction

Corr
p value
Adjusted
N

-0.09
0.66
0.66
24

-0.12
0.57
0.57
24

-0.08
0.71
0.71
25

-0.00
0.99
0.99
25

-0.25
0.19
0.19
29

Stud_Post_TSRNeg_Mean
Student reported TSR
Negative for interaction

Corr
p value
Adjusted
N

0.06
0.78
0.79
24

0.06
0.78
0.79
24

-0.04
0.86
0.87
25

-0.07
0.76
0.77
25

-0.16
0.41
0.42
29

Stud_Post_TSRPos_Mean
Student reported TSR
Positive for interaction

Corr
p value
Adjusted
N

-0.16
0.45
0.47
24

-0.19
0.37
0.39
24

0.22
0.289
0.37
25

0.29
0.17
0.23
25

0.20
0.31
0.23
29

Stud_Pre_TSRNeg_Mean
Student reported TSR
Negative for general
relationship

Corr
p value
Adjusted
N

-0.28**
0.25
0.26
19

-0.27**
0.27
0.28
19

-0.13
0.57
0.57
20

-0.14
0.55
0.55
20

0.12
0.57
0.57
24

Stud_Pre_TSRPos_Mean
Student reported TSR
Positive for general
relationship

Corr
p value
Adjusted
N

0.10
0.69
0.72
19

0.08
0.75
0.75
19

0.07
0.77
0.92
20

0.09
0.71
0.97
20

-0.03
0.88
0.91
24

Teach_Post_Mot_Mean
Teacher reported
Motivation for interaction

Corr
p value
Adjusted
N

0.20
0.25
0.32
35

0.19
0.27
0.34
35

-0.05
0.77
0.62
36

-0.09
0.59
0.44
36

0.07
0.69
0.64
41
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log_p_nz
nlog_ratio
log_ratio

Log of ratio
Log of ratio of of frequency
magnitude of of positive
positive over
over
negative
negative
correlations correlations

Teach_Post_SPTC_Mean
Teacher reported SPT
Confidence during
interaction

log_p_z

Log of the The log of the
number of
number of
positive
positive
correlations correlations
over number
over the
of negative number of
plus nonnoncorrelations correlations

durpos
The
maximum
number of
consecutive
positive
correlations

Corr
p value
Adjusted
N

0.21
0.24
0.93
35

0.23
0.19
0.86
35

0.01
0.95
0.88
36

0.002
0.99
0.87
36

0.04
0.82
0.88
41

Teach_Post_SPTE_Mean
Corr
Teacher reported SPT Effort p value
during interaction
Adjusted
N

0.10
0.55
0.97
35

0.10
0.57
0.99
35

-0.2
0.24
0.12
36

-0.20
0.24
0.14
36

-0.17
0.29
0.30
41

Teach_Post_SPTP_Mean
Teacher reported SPT
Propensity during
interaction

Corr
p value
Adjusted
N

0.21
0.22
0.77
35

0.21
0.24
0.82
35

-0.06
0.74
0.60
36

-0.08
0.66
0.61
36

-0.08
0.63
0.53
41

Teach_Post_TSRNeg_Mea
n
Teacher reported TSR
Negative for interaction

Corr
p value
Adjusted
N

0.31*
0.07
0.05
36

0.28**
0.10
0.06
36

0.27
0.11
0.12
37

0.24
0.15
0.16
37

-0.12
0.44
0.47
42

Teach_Post_TSRPos_Mean
Teacher reported TSR
Positive for interaction

Corr
p value
Adjusted
N

-0.04
0.84
0.23
35

-0.04
0.83
0.21
35

-0.20
0.26
0.19
36

-0.18
0.29
0.26
36

0.01
0.93
0.98
41

Teach_Pre_TSRNeg_Mean
Teacher reported TSR
Negative for general
relationship

Corr
p value
Adjusted
N

-0.09
0.65
0.80
31

-0.10
0.60
0.75
31

0.03
0.87
0.98
32

0.04
0.85
0.87
32

0.08
0.64
0.33
37

Teach_Pre_TSRPos_Mean
Teacher reported TSR
Positive for general
relationship

Corr
p value
Adjusted
N

-0.15
0.43
0.30
31

-0.14
0.46
0.31
31

-0.22
0.23
0.26
32

-0.17
0.367
0.44
32

-0.20
0.23
0.06
37

* moderate correlations
** low-moderate correlations
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Table 11 shows the correlation coefficients, unadjusted p values and adjusted
p values between change in synchrony between low and high support, compared to the
TSR/SPT component variables. Among the student TSR/SPT measures, moderate
correlations (marked with one asterisk) were observed with TSR Positive attitudes
towards the general relationship. Low-moderate correlations (marked with two asterisks)
were observed with motivation for interaction. Among the teacher variables, moderate
correlations (marked with one asterisk) were observed with SPT confidence during the
interaction while low-moderate correlations (marked with two asterisks) were observed
with TSR Positive attitudes toward the general relationship.
Table 11.
High Support – Low Support Correlation Matrix between Synchrony vs. Survey Variables
of Interest
log_p_nz

log_p_z

Log of the The log of the
number of
number of
positive
positive
correlations correlations
over number
over the
of negative
number of
plus nonnoncorrelations correlations

durpos

log_ratio

nlog_ratio

Log of ratio
of magnitude
of positive
over negative
correlations

Log of ratio
of frequency
of positive
over negative
correlations

Corr
Stud_Post_Mot_Mean
Student reported Motivation p value
for interaction
Adjusted
N

0.27**
0.21
0.23
24

0.28**
0.18
0.20
24

0.19
0.37
0.55
25

0.18
0.40
0.62
25

-0.10
0.59
0.57
29

Corr
Stud_Post_SPTE_Mean
Student reported SPT Effort p value
of teacher during interaction Adjusted
N

-0.08
0.73
0.72
24

-0.07
0.74
0.73
24

0.15
0.46
0.40
25

0.24
0.25
0.19
25

-0.01
0.94
0.99
29

Corr
p value
Adjusted
N

-0.16
0.46
0.47
24

-0.15
0.48
0.48
24

-0.12
0.58
0.59
25

-0.05
0.81
0.81
25

-0.17
0.39
0.40
29

Stud_Post_SPTP_Mean
Student reported SPT
Propensity of teacher during
interaction

The
maximum
number of
consecutive
positive
correlations
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log_p_nz
log_ratio

nlog_ratio

Log of ratio
of magnitude
of positive
over negative
correlations

Log of ratio
of frequency
of positive
over negative
correlations

log_p_z

Log of the The log of the
number of
number of
positive
positive
correlations correlations
over number
over the
of negative
number of
plus nonnoncorrelations correlations

durpos
The
maximum
number of
consecutive
positive
correlations

Stud_Post_TSRNeg_
Mean
Student reported TSR
Negative for interaction

Corr
p value
Adjusted
N

0.14
0.53
0.53
24

0.14
0.50
0.51
24

-0.23
0.28
0.22
25

-0.27
0.19
0.15
25

-0.19
0.33
0.33
29

Stud_Post_TSRPos_
Mean
Student reported TSR
Positive for interaction

Corr
p value
Adjusted
N

0.06
0.77
0.78
24

0.07
0.74
0.76
24

0.23
0.26
0.30
25

0.28
0.17
0.22
25

0.12
0.53
0.37
29

Stud_Pre_TSRNeg_Mean
Student reported TSR
Negative for general
relationship

Corr
p value
Adjusted
N

0.22
0.37
0.38
19

0.21
0.38
0.38
19

-0.01
0.98
0.98
20

-0.08
0.75
0.76
20

0.05
0.81
0.81
24

Stud_Pre_TSRPos_Mean
Student reported TSR
Positive for general
relationship

Corr
p value
Adjusted
N

0.28**
0.25
0.57
19

0.31*
0.20
0.48
19

0.36
0.12
0.25
20

0.32
0.17
0.33
20

-0.05
0.82
0.98
24

Teach_Post_Mot_Mean
Teacher reported
Motivation for interaction

Corr
p value
Adjusted
N

0.24
0.17
0.18
35

0.23
0.19
0.20
35

0.07
0.69
0.64
36

0.03
0.88
0.86
36

0.04
0.80
0.76
41

Teach_Post_SPTC_Mean
Teacher reported SPT
Confidence during
interaction

Corr
p value
Adjusted
N

0.33*
0.05
0.07
35

0.36*
0.04
0.06
35

0.12
0.47
0.05
36

0.09
0.59
0.08
36

0.01
0.97
0.45
41

Teach_Post_SPTE_Mean
Teacher reported SPT
Effort during interaction

Corr
p value
Adjusted
N

-0.08
0.64
0.48
35

-0.08
0.64
0.46
35

-0.25
0.15
0.15
36

-0.24
0.16
0.16
36

-0.20
0.22
0.28
41

Teach_Post_SPTP_Mean
Teacher reported SPT
Propensity during
interaction

Corr
p value
Adjusted
N

-0.04
0.83
0.43
35

-0.02
0.92
0.46
35

-0.18
0.29
0.37
36

-0.18
0.30
0.42
36

-0.13
0.44
0.63
41

Teach_Post_TSRNeg_
Mean
Teacher reported TSR
Negative for interaction

Corr
p value
Adjusted
N

0.06
0.72
0.77
36

0.05
0.77
0.80
36

0.12
0.50
0.66
37

0.15
0.39
0.53
37

-0.08
0.64
0.67
42
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log_p_nz
log_ratio

nlog_ratio

Log of ratio
of magnitude
of positive
over negative
correlations

Log of ratio
of frequency
of positive
over negative
correlations

log_p_z

Log of the The log of the
number of
number of
positive
positive
correlations correlations
over number
over the
of negative
number of
plus nonnoncorrelations correlations

durpos
The
maximum
number of
consecutive
positive
correlations

Teach_Post_TSRPos_
Mean
Teacher reported TSR
Positive for interaction

Corr
p value
Adjusted
N

0.05
0.77
0.94
35

0.07
0.70
0.88
35

-0.01
0.95
0.84
36

-0.04
0.83
0.95
36

-0.06
0.70
0.68
41

Teach_Pre_TSRNeg_
Mean
Teacher reported TSR
Negative for general
relationship

Corr
p value
Adjusted
N

0.16
0.39
0.52
31

0.15
0.43
0.58
31

-0.04
0.83
0.46
32

-0.06
0.75
0.29
32

-0.01
0.94
0.93
37

Teach_Pre_TSRPos_
Mean
Teacher reported TSR
Positive for general
relationship

Corr
p value
Adjusted
N

-0.28**
0.12
0.21
31

-0.27**
0.14
0.23
31

-0.12
0.50
0.83
32

-0.09
0.63
0.98
32

-0.1
0.51
0.33
37

* moderate correlations
** low-moderate correlations

Table 12 displays the correlations between the survey variables with the log_ratio
metric of synchrony in high support, the change between low and high support, and
divided at the median (median split synchrony data). The synchrony data were split at
the median based on the supposition that not all the expert teachers were able to generate
synchrony during interactions with their students and that the relationship between socioemotional characteristics, and therefore synchrony might be dependent upon having or
being able to create a certain level of synchrony. Because no threshold was established,
the median was selected as a logical cutoff point. Moderate (marked with one asterisk)
and low-moderate (marked with two asterisks) correlations were observed with multiple
student and teacher reported responses when the synchrony measure was split at the
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median. Of note, student reported SPT Effort and SPT Propensity of their teacher during
interaction demonstrated correlations with four synchrony metrics. Similarly, teacherreported SPT Confidence during the interaction and TSR Positive attitudes toward the
general relationship with their student both showed correlations with three synchrony
metrics.
Table 12.
Correlation Matrix between Median Split Synchrony log_ratio and Survey Variables of
Interest
High Support
Full

Upper
Median

Change in Low to High Support
Lower
Median

Full

Upper
Median

Log_ratio Log_ratio Log_ratio Log_ratio Log_ratio

Lower
Median
Log_rati
o

Stud_Post_Mot_Mean
Student reported Motivation
for interaction

Corr
p value
Adjusted
N

-0.19
0.37
0.43
24

0.04
0.92
0.89
10

0.13
0.67
0.71
14

0.27**
0.21
0.23
24

0.19
0.58
0.8524
11

0.43*
0.14
0.18
13

Stud_Post_SPTE_Mean
Student reported SPT Effort
of teacher during interaction

Corr
p value
Adjusted
N

-0.28**
0.19
0.23
24

0.34*
0.34
0.01
10

-0.43*
0.12
0.15
14

-0.08
0.73
0.72
24

-0.12
0.74
0.226
11

-0.42*
0.15
0.20
13

Stud_Post_SPTP_Mean
Student reported SPT
Propensity of teacher during
interaction

Corr
p value
Adjusted
N

-0.09
0.66
0.66
24

0.46*
0.18
0.18
10

-0.41*
0.15
0.18
14

-0.16
0.46
0.47
24

-0.33*
0.33
0.36
11

-0.26**
0.38
0.54
13

Stud_Post_TSRNeg_Mean Corr
Student reported TSR Negative p value
for interaction
Adjusted
N

0.06
0.78
0.79
24

-0.34*
0.34
0.37
10

0.45*
0.11
0.11
14

0.14
0.53
0.53
24

-0.18
0.59
0.60
11

0.23
0.46
0.60
13

Stud_Post_TSRPos_Mean Corr
Student reported TSR Positive p value
for interaction
Adjusted
N

-0.16
0.45
0.47
24

-0.26**
0.46
0.48
10

-0.22
0.45
0.45
14

0.06
0.77
0.78
24

0.31*
0.35
0.54
11

-0.25**
0.41
0.67
13

Stud_Pre_TSRNeg_Mean Corr
Student reported TSR Negative p value
for general relationship
Adjusted
N

-0.28
0.25
0.26
19

0.04
0.91
0.91
10

0.16
0.68
0.70
9

0.22
0.37
0.38
19

0.48*
0.19
0.25
9

0.26**
0.46
0.47
10
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High Support
Full

Upper
Median

Change in Low to High Support
Lower
Median

Full

Upper
Median

Log_ratio Log_ratio Log_ratio Log_ratio Log_ratio
Corr
Stud_Pre_TSRPos_Mean
Student reported TSR Positive p value
for general relationship
Adjusted
N

0.10
0.69
0.72
19

-0.13
0.73
0.72
10

Corr
p value
Adjusted
N

0.20
0.25
0.32
35

0.25**
0.30
0.31
19

0.10
0.71
0.72
16

Teach_Post_SPTC_Mean Corr
Teacher reported SPT
p value
Confidence during interaction Adjusted
N

0.21
0.24
0.93
35

0.31*
0.20
0.36
19

Teach_Post_SPTE_Mean
Teacher reported SPT Effort
during interaction

Corr
p value
Adjusted
N

0.10
0.55
0.97
35

Teach_Post_SPTP_Mean
Teacher reported SPT
Propensity during interaction

Corr
p value
Adjusted
N

-0.35*
0.33
0.33
10

0.24
0.17
0.18
35

0.53*
0.02
0.04
18

0.15
0.57
0.46
17

0.03
0.91
0.99
16

0.33*
0.053
0.07
35

0.20
0.42
0.43
18

0.31*
0.23
0.59
17

0.14
0.55
0.55
19

0.04
0.88
0.72
16

-0.08
0.64
0.48
35

0.37*
0.1
0.15
18

0.12
0.64
0.31
17

0.21
0.22
0.77
35

0.29**
0.23
0.91
19

-0.03
0.91
0.61
16

-0.04
0.83
0.43
35

0.38*
0.12
0.13
18

-0.17
0.53
0.63
17

Teach_Post_TSRNeg_Mean Corr
Teacher reported TSR
p value
Negative for interaction
Adjusted
N

0.31*
0.07
0.05
36

0.18
0.46
0.41
19

0.14
0.60
0.52
17

0.06
0.72
0.77
36

0.46*
0.05
0.07
18

-0.15
0.56
0.29
18

Teach_Post_TSRPos_Mean Corr
Teacher reported TSR Positive p value
for interaction
Adjusted
N

-0.03
0.84
0.23
35

0.07
0.79
0.80
19

-0.20
0.45
0.45
16

0.05
0.77
0.94
35

0.19
0.46
0.47
18

-0.07
0.79
0.91
17

Corr
p value
Adjusted
N

-0.09
0.65
0.80
31

0.03
0.93
0.72
15

0.18
0.51
0.53
16

0.16
0.39
0.52
31

0.27**
0.31
0.18
16

0.43*
0.11
0.52
15

Teach_Pre_TSRPos_Mean Corr
Teacher reported TSR Positive p value
for general relationship
Adjusted
N

-0.15
0.43
0.30
31

-0.32*
0.24
0.25
15

-0.28**
0.30
0.29
16

-0.28**
0.12
0.21
31

-0.06
0.82
0.83
16

-0.49*
0.06
0.12
15

Teach_Pre_TSRNeg_Mean
Teacher reported TSR
Negative for general
relationship

* moderate correlations
** low-moderate correlations

0.28**
0.25
0.57
19

Log_rati
o

0.16
0.67
0.69
9

Teach_Post_Mot_Mean
Teacher reported Motivation
for interaction

0.11
0.78
0.50
9

Lower
Median
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Table 13 shows the correlations between the survey variables with the nlog_ratio
metric of synchrony in high support, the change between low and high support, and the
data divided at the median (median split synchrony data). Moderate (marked with one
asterisk) and low-moderate (marked with two asterisks) correlations were observed with
multiple student and teacher responses when the synchrony measure was split at the
median. Of note, student-reported SPT Effort and SPT Propensity of their teacher during
interaction showed correlations with five and four synchrony metrics, respectively.
Similarly, the teacher-reported SPT Confidence during the interaction, TSR Negative
attitudes toward the interaction, and TSR Positive attitudes toward the general
relationship with their student all showed correlations with four synchrony metrics.
Table 13.
Correlation Matrix between Median Split Synchrony nlog_ratio and Survey Variables of
Interest
High Support
Full

Upper
Median

Change in Low to High Support
Lower
Median

Full

Upper
Median

Lower
Median

Nlog_ratio Nlog_ratio Nlog_ratio Nlog_ratio Nlog_ratio Nlog_ratio
Stud_Post_Mot_Mean
Student reported
Motivation for
interaction

Corr
p value
Adjusted
N

-0.22
0.30
0.35
24

-0.02
0.94
0.91
11

0.26**
0.40
0.42
13

0.28**
0.18
0.20
24

0.25**
0.47
0.78
11

0.45*
0.12
0.16
13

Stud_Post_SPTE_
Mean
Student reported SPT
Effort of teacher during
interaction

Corr
p value
Adjusted
N

-0.30**
0.16
0.19
24

0.35*
0.29
0.03
11

-0.42*
0.16
0.19
13

-0.07
0.74
0.73
24

-0.10
0.77
0.25
11

-0.43*
0.15
0.19
13

Stud_Post_SPTP_
Mean
Student reported SPT
Propensity of teacher
during interaction

Corr
p value
Adjusted
N

-0.12
0.57
0.57
24

0.43*
0.19
0.18
11

-0.47*
0.10
0.14
13

-0.15
0.48
0.48
24

-0.33*
0.32
0.35
11

-0.26**
0.39
0.52
13
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High Support
Full

Upper
Median

Change in Low to High Support
Lower
Median

Full

Upper
Median

Lower
Median

Nlog_ratio Nlog_ratio Nlog_ratio Nlog_ratio Nlog_ratio Nlog_ratio
Stud_Post_TSRNeg_
Mean
Student reported TSR
Negative for interaction

Corr
p value
Adjusted
N

0.06
0.78
0.79
24

-0.45*
0.16
0.10
11

0.37*
0.22
0.22
13

0.14
0.50
0.51
24

-0.21
0.54
0.56
11

0.25**
0.41
0.56
13

Stud_Post_TSRPos_
Mean
Student reported TSR
Positive for interaction

Corr
p value
Adjusted
N

-0.19
0.37
0.40
24

-0.06
0.90
0.96
11

-0.10
0.75
0.79
13

0.07
0.74
0.76
24

0.36*
0.28
0.46
11

-0.23
0.45
0.72
13

Stud_Pre_TSRNeg_M
ean
Student reported TSR
Negative for general
relationship

Corr
p value
Adjusted
N

-0.27**
0.27
0.28
19

0.03
0.93
0.93
10

0.22
0.57
0.59
9

0.22
0.38
0.38
19

0.56*
0.12
0.18
9

0.24
0.50
0.52
10

Stud_Pre_TSRPos_M
ean
Student reported TSR
Positive for general
relationship

Corr
p value
Adjusted
N

0.08
0.75
0.75
19

-0.19
0.61
0.61
10

0.10
0.79
0.55
9

0.31*
0.20
0.48
19

0.32*
0.41
0.44
9

-0.27**
0.45
0.47
10

Teach_Post_Mot_Mea
n
Teacher reported
Motivation for
interaction

Corr
p value
Adjusted
N

0.19
0.27
0.34
35

0.18
0.46
0.66
19

-0.04
0.90
0.90
16

0.23
0.19
0.20
35

0.49*
0.04
0.05
18

0.19
0.46
0.37
17

Teach_Post_SPTC_M
ean
Teacher reported SPT
Confidence during
interaction

Corr
p value
Adjusted
N

0.23
0.19
0.86
35

0.26**
0.28
0.60
19

-0.24
0.37
0.38
16

0.36*
0.04
0.06
35

0.27**
0.27
0.30
18

0.31*
0.22
0.60
17

Teach_Post_SPTE_M
ean
Teacher reported SPT
Effort during interaction

Corr
p value
Adjusted
N

0.10
0.57
0.99
35

0.17
0.50
0.51
19

0.10
0.73
0.83
16

-0.08
0.64
0.46
35

0.34*
0.16
0.18
18

0.22
0.40
0.18
17

Teach_Post_SPTP_M
ean
Teacher reported SPT
Propensity during
interaction

Corr
p value
Adjusted
N

0.21
0.24
0.82
35

0.29**
0.23
0.99
19

-0.04
0.88
0.79
16

-0.02
0.92
0.46
35

0.3821*
0.1176
0.1381
18

-0.04
0.87
0.40
17
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High Support
Full

Upper
Median

Change in Low to High Support
Lower
Median

Full

Upper
Median

Lower
Median

Nlog_ratio Nlog_ratio Nlog_ratio Nlog_ratio Nlog_ratio Nlog_ratio
Teach_Post_TSRNeg_
Mean
Teacher reported TSR
Negative for interaction

Corr
p value
Adjusted
N

0.28**
0.10
0.06
36

0.48*
0.04
0.05
19

0.40*
0.11
0.14
17

0.05
0.77
0.80
36

0.39*
0.11
0.13
18

-0.10
0.70
0.25
18

Teach_Post_TSRPos_
Mean
Teacher reported TSR
Positive for interaction

Corr
p value
Adjusted
N

-0.04
0.83
0.21
35

-0.07
0.78
0.78
19

-0.47*
0.06
0.10
16

0.07
0.70
0.88
35

0.23
0.36
0.37
18

-0.04
0.88
0.93
17

Teach_Pre_TSRNeg_
Mean
Teacher reported TSR
Negative for general
relationship

Corr
p value
Adjusted
N

-0.10
0.60
0.75
31

0.06
0.84
0.84
15

0.33*
0.21
0.18
16

0.15
0.43
0.58
31

0.23
0.39
0.29
16

0.43*
0.11
0.50
15

Teach_Pre_TSRPos_
Mean
Teacher reported TSR
Positive for general
relationship

Corr
p value
Adjusted
N

-0.14
0.46
0.31
31

-0.54*
0.04
0.05
15

-0.52*
0.04
0.06
16

-0.27**
0.14
0.23
31

0.07
0.79
0.79
16

-0.53*
0.04
0.09
15

* moderate correlations
** low-moderate correlations

Discussion
The results of observing and analyzing the GSR of the teachers and students in
different types of interactions revealed insights regarding several interesting teaching
phenomena. There were no differences in synchrony levels between hypothetical and
actual dyads in either baseline or low support. In high support, there were significantly
higher levels of synchrony in actual dyads, compared to hypothetical dyads, in nearly
every measure of synchrony explored. This contrast supports the conclusion that the
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teacher–student interaction was associated with significantly more GSR synchrony than
existed in noninteractive conditions. The observation in actual dyads that the level of
synchrony increased from low to high support further shows that the teachers were able
to create synchrony with their students during the supported interaction. This potential of
the teachers was further supported by the associations found with several of the teacher
and student TSR and SPT constructs, indicating a relationship between
psychophysiologic synchrony and individual constructs of social-emotional cognition.
The stronger correlations between TSR/SPT and the median split synchrony measures
highlight the possibility that the relationship with individual social-emotional cognitions
was different at high and low levels of synchrony. This further implies that the teachers
who successfully created synchrony with their students used a distinct, context-specific
social-emotional cognitive pattern, compared to those who were not able to generate
synchrony.
The study included analysis at baseline, low-, and high-support conditions. In
both baseline and low support, there were no significant differences between actual and
hypothetical dyads for each candidate measure of synchrony (Tables 3, 4, and 5). In stark
contrast, there were significant differences in most of the high-support synchrony
measures with the key variables of log_ratio and nlog_ratio (p < .01). This finding
strongly supports the assertion that the high-support condition enabled the teachers to
create synchrony with their students. This hypothesis is further supported by the
significant trend in changes in synchrony from low- to high-support conditions (p < .1)
for log_ratio and nlog_ratio (Table 6). This attenuation in p value was likely a power
issue: The sample size in actual dyads was much smaller than the sample used when
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comparing to hypothetical dyads. Together, these observations indicate that when placed
in a high-support interactive context, the teacher–student dyads were able to reach higher
levels of synchrony than were elicited in the low-support settings.
The observed relationships between the social-emotional cognitive survey
variables (TSR/SPT) provided some reassurance that psychophysiologic synchrony was
indirectly connected to the individual social-emotional cognitions described by the
teachers when they reflected upon their teaching processes. Students with lower levels of
preinteraction negative relationship attitudes had modestly higher levels of synchrony
during high support (log_ratio correlation coefficient .28, adjusted p = .26 in Table 10).
This finding seems plausible if the synchrony was inhibited by negative relational
attitudes. However, the teachers who thought after the interaction that their relationship
with the student during the interaction was negative had higher correlations with
synchrony (log_ratio correlation coefficient .31, adjusted p = .05 in Table 10). This
significant finding for this second relationship was also likely a product of the higher
sample size in the teacher surveys (because the younger students could not complete
surveys). These two observations are seemingly contradictory; however, the teacher
variable, which originated after the interaction, may have been connecting to a different
social-emotional cognitive construct and thus have an independent relationship to
synchrony. The discrepancy may also have been a product of less reliable selfassessment of interactions by teachers, compared to students’ assessment of teacher’s
ability to foster their relationship. This observation is consistent with established
literature documenting therapists overrating of their empathy for patients (Kurtz &
Grummon, 1972).
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When I compared the change in synchrony from low to high support with the
individual social-emotional cognition variables, students’ postinteraction motivation for
doing the interaction was moderately correlated with synchrony (log_ratio correlation
coefficient .27, adjusted p = .23 in Table 11). Similarly, the students’ preinteraction
positive attitudes toward their relationship with their teacher had a moderate correlation
with synchrony (log_ratio correlation coefficient .28, p = .57, and nlog_ratio correlation
coefficient .31, p = .48).
Of interest, the teachers’ postinteraction confidence in their social perspective
taking was also moderately correlated with synchrony (log ratio correlation coefficient
.33, p = .07 and nlogratio correlation coefficient .36, p = .06). These data indicate that
the synchrony variable reflecting the change from low to high support may be the
measure of greater interest because it accounted for more of the variation in the teachers’
capability of creating synchrony with students. Using the synchrony in high support
alone for comparisons essentially ignored the individual teachers’ baseline levels of
synchrony and their variable ability to raise the level of synchrony as they interacted with
individual students.
Stratifying the analyses by the median of the log_ratio revealed differences in the
relationships between TSR/SPT among high- and low-synchrony dyads. These analyses
may more accurately reflect the relationships between synchrony and social-emotional
cognitions, according to De Jaegher’s (2010) assertion that interactive social-emotional
cognitions is capable of becoming constitutive phenomena. From this perspective, as
synchrony (which is dependent on social interaction) increases, it can move beyond
contextual or even enabling roles to become an entity in itself. Moreover, it may reflect a
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more complicated stepwise relationship between socio-emotional domains and
synchrony, compared to linear models. If so, then it is possible that synchrony could
have unique relationships with individual social-emotional cognitions like TSR and SPT
and might not simply follow the same patterns observed in interactions in which little
synchrony takes place. With this framework in mind, the median-stratified analyses were
particularly noteworthy.
After an analysis of the median split synchrony data for log_ratio (Table 12) and
nlog_ratio (Table 13), several SPT and TSR measures showed moderate correlations in
both the upper and lower medians. Overall, SPT scores appeared more tightly correlated
to synchrony than were TSR values. In particular, the student-reported SPT Effort and
SPT Propensity of their teacher during the interaction showed consistently strong
connections to synchrony. These associations were positively correlated in the upper
median, compared to synchrony in the high-support condition, but negatively correlated
in all of the other median split synchrony conditions. The reasons for this are unclear.
One speculative but interesting explanation could be that among less synchronous
interactions, the teachers were aware of the lack of synchrony, and the students were
aware of the extra effort the teacher was making to communicate the educational
message.
This idea is buttressed by the same pattern of correlations in the students’ rating
of their teachers’ propensity for perspective taking. Another interesting pattern can be
inferred from the students’ ratings of their teacher’s postinteraction motivation, which
was moderately correlated to the lower median change in synchrony but unrelated to the
high condition’s level of synchrony itself, a finding that indicates students noticed the
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teachers’ efforts more if the interaction ultimately led to less synchrony. This
observation may be connected to the Study 1 findings (Chapter 2), in which the teachers
commented that periods of synchrony in teaching felt effortless despite requiring high
levels of cognitive complexity.
On the teacher side, teachers’ SPT Confidence and TSR Positive for the general
relationship with the student were most consistently correlated with synchrony. Not
surprising, teacher confidence in their social perspective taking during the interaction and
teachers’ motivation were both associated with greater synchrony. In fact, motivation
was strongly correlated to synchrony among dyads in which the teacher increased the
level of synchrony most in the high-support condition. Less predictable was the finding
that positive teacher attitudes toward their general relationships with students was
inversely associated with synchrony. Higher negative teacher attitudes toward the
general teacher–student relationship showed a similarly unexpected relationship with
synchrony.
While difficult to confidently interpret, these findings indicate that among their
respective median groups, positive attitudes about the teacher–student relationship
impeded synchrony, and higher negative attitudes facilitated it. One theory is that
strongly positive relationships between the teachers and students did not require the
teachers to generate synchrony to communicate their instructions; however, relationships
that teachers acknowledged in advance were negative required teachers to invoke the
greatest level of synchrony to achieve their goals.
The abundance of correlations in the median split data shows that the
relationships between individual social-emotional cognitions such as TSR and SPT were
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different in interactions based on whether synchrony was high or low. Clearly, there
were relationships between the entities, but how these social-emotional cognitions related
to psychophysiologic synchrony appeared to change as the dyad became more
synchronous. This complex relationship appeared accentuated when the teacher was able
to create synchrony—the strongest and most frequent correlations were observed in the
upper median of the change in synchrony from low to high support.
Limitations and Considerations
These data should be viewed within the context of several important limitations
related to the study design. First, the study sample was small; larger studies are
recommended to confirm and extend the findings. However, this limitation means the
many significant observations are even more intriguing, because a substantially stronger
signal is required to produce significant effects with such a small sample. Second, the
high-support condition was 15 minutes long, which is brief compared to the average
length of teaching sessions. This shorter period may have limited the ability of the
teachers to create synchrony with their students and restrained even stronger relationships
between synchrony and noninteractive social-emotional cognitions.
Third, because this study was a pilot study, a wide student age range was studied;
the ideal age to examine was not known a priori. Thus, the students represented a wide
range in developmental abilities, and this range may have had a confounding relationship
with synchrony. This variation may have created substantial “noise” in the synchrony
measures and muted some of the relationships. Fourth, there may have been the potential
for order effects whereby the teachers’ ability to generate synchrony was systematically
correlated with the sequence of the dyads (e.g., they were more successful creating

169
synchrony in Dyad 5, compared to Dyad 1). However, when the synchrony data were
stratified by dyad, no glaring patterns were noted (although statistical verification of this
was impossible because of the small sample size). Moreover, order effects were unlikely
considering the unstructured nature of the task that allowed the teachers to use any
approach to help the student during high support. The unstructured nature of the task
likely prevented a significant practice phenomenon.
Another potential limitation relates to the constructs used. The posited framework
showed that synchrony is a psychophysiologic proxy measure of social-emotional
cognitions during teacher–student interactions, and the TSR/SPT measures are proxy
measures for the individual aspects of social-emotional cognitions (Figure 2). The
limitation of using the measures as proxies is that neither measure directly assessed what
happened in the mind (an impossibility with current technology). As such, the observed
moderate correlations may have reflected the true nature of the strength of the connection
between synchrony and TSR/SPT—the model shows they were not entirely overlapping
phenomena. These potential limitations are characteristic of early, exploratory research
in a new area of inquiry and warrant further investigation to address them.
Conclusion
The data collected showed that the participating teachers have the ability to create
psychophysiologic synchrony during a supported, unstructured interaction with students.
This ability varied by teacher and student and with time; however, the ability to raise the
level of synchrony during the high-support interaction appeared to be the measure more
strongly associated with individual social-emotional cognitive constructs. Moreover, the
association with TSR/SPT indicated that psychophysiologic synchrony during teaching
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interactions was specifically connected to known social-emotional cognitions typically
measured through reflection and considered important for expert teachers. This
relationship gives additional support to the observation from the expert teachers
interviewed in Study 1 (Chapter 2) that each of the awarenesses—and the synchrony that
can develop from them—are keys to teachers’ ability to teach. The SPT constructs
appeared to be more connected to psychophysiologic synchrony, an interesting
preliminary finding worth further exploration. The enhanced correlations seen in the
median stratified analysis are particularly interesting and may support an underlying
framework of social interaction (in this case represented by synchrony), representing its
own unique system within the complex system of teacher and learner. From this
perspective, the weaker correlations in the unstratified synchrony analyses reflected the
averaging of two independent systems.
Extending De Jaegher’s (2010) framework (Figure 2), the data showed that social
interaction between teacher and student becomes more synchronous as the interaction
moves from a contextual or enabling role to a constitutive system in itself. This
explanatory model is consistent with the data showing unique correlation models in the
upper and lower median split synchrony models. Future studies should examine whether
thresholds in the correlation between synchrony and social-emotional cognition exist as
the teacher–student interaction forms and becomes an autonomous system.
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Appendices
Appendix 3.1 Teacher Presurvey
Thank you for participating in this study. In order to prepare for the teaching interaction,
we have some questions about the relationship you have with your student who is
participating in the study. This short survey should take you under ten minutes to
complete.
This survey is confidential. The results will not be shared with the student, or anyone
other than the research team. We are asking for you to enter your name here so that we
can connect your answers to the other data from the study - but once we do so, we will
replace your name with your participant ID number.
Please enter your first name:
Please enter your last name:

Because you will be working with multiple students, we need to match the information
up with the correct student. We are asking for you to enter your student's name here so
that we can make that connection - but once we do so, we will replace their name with
their participant ID number.
Please enter this student's first name:
Please enter this student's last name:
For the following questions, please reflect on your interactions with <student’s name>.
How much do you enjoy helping <student’s name> learn?
Not at all

Slightly

Somewhat

How friendly is <student’s name> toward you?
Not at all friendly
Slightly friendly
Somewhat friendly

Quite a bit

A tremendous
amount

Quire friendly

Extremely friendly

Frequently

Almost the whole
time

How often does <student’s name> ignore something you say?
Almost never

Once in a while

Sometimes
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How often do you say something encouraging to <student’s name>?
Almost never
Once in a while
Sometimes
Frequently

Almost the whole time

During class, how often does <student’s name> talk when you are talking (for instance, when this student is
supposed to be listening)?
Almost never
Once in a while
Sometimes
Frequently
Almost the whole time
How respectful is <student’s name>towards you?
Not at all respectful Slightly respectful Somewhat respectful Quite respectful

Extremely respectful

How excited would you be to have <student’s name> again next year?
Not at all excited
Slightly excited
Somewhat excited Quite excited

Extremely excited

How motivating does <student’s name> find the activities that you plan for class?
Somewhat
Not at all motivating Slightly motivating motivating
Quite motivating

Extremely
motivating

How often do you say something that bothers <student’s name>?
Almost never

Once in a while

Sometimes

How caring is <student’s name> towards you?
Not at all caring
Slightly caring
Somewhat caring

Frequently

Almost the whole
time

Quite caring

Extremely caring

Quite a bit

A tremendous
amount

How much do you like <student’s name>’s personality?
Not at all

Slightly

Somewhat

How often does <student’s name> put you in a bad mood during class?
Almost never

Once in a while

Sometimes

Overall, how much does <student’s name> learn from you?
Almost nothing
A little bit
Some

Frequently

Almost the whole
time

Quite a bit

A great deal

In this section, we would like to get some general information about you.
What is your gender?
Male
Female
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Please choose the race/ethnicity that best describes you. If you like, please use the blank
spaces to more accurately describe yourself.
American Indian or Alaskan native
Asian / Pacific Islander
Black or African American
Hispanic American
White/Caucasian
Multiple ethnicity / Other, please specify:
In what year were you born?
Please indicate the primary language spoken in your childhood home.
Chinese
English
French
German
Korean
Spanish
Other (please specify
For how many years have you been teaching?
For how many years have you been teaching at your current school?
Please select the highest level of education you have completed.
Please select the highest level of education completed by your mother. If you aren’t sure,
please take your best guess.
Please select the highest level of education completed by your father. If you aren’t sure,
please take your best guess.
Thank you for your participation in this study, and your completion of this survey. I look
forward to seeing you soon!
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Appendix 3.2 Student Presurvey
Thank you for participating in this study. In order to prepare for the study interaction that
you will have with your teacher we have a few questions to ask you. This is a short
survey that should take under 5-10 minutes to complete.
This survey is confidential. The results will not be shared with your teacher, or anyone
other than the research team. We are asking for you to enter your name here so that we
can connect your answers to the other data from the study - but once we do so, we will
replace your name with your participant ID number.
Please enter your first name:
Please enter your last name:

Because you will be working with your teacher, we need to match up your information
with theirs. We are asking for you to enter your teacher's name here so that we can make
that connection - but once we do so, we will replace their name with their participant ID
number.
Please enter your teacher's name that you are participating in the study with:

The following questions are about the relationship you have with this teacher.
How much do you enjoy learning from <teacher’s name>?
Not at all
Slightly
Somewhat

Quite a bit

How friendly is <teacher’s name> toward you?
Not at all friendly
Slightly friendly
Somewhat friendly

Quire friendly

How often do you ignore something <teacher’s name> says?
Almost never
Once in a while
Sometimes

Frequently

Almost the whole time

How often does <teacher’s name> say something encouraging to you?
Almost never
Once in a while
Sometimes
Frequently

Almost the whole time

A tremendous amount

Extremely friendly
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During class, how often do you talk when <teacher’s name> is talking (for instance, when you are supposed
to be listening)?
Almost the whole
Almost never
Once in a while
Sometimes
Frequently
time
How respectful is <teacher’s name> towards you?
Not at all respectful Slightly respectful Somewhat respectful Quite respectful

Extremely respectful

How excited would you be to have <teacher’s name> again?
Not at all excited
Slightly excited
Somewhat excited

Extremely excited

Quite excited

How motivating are the activities that <teacher’s name> plans for class?
Somewhat
Not at all motivating Slightly motivating motivating
Quite motivating

Extremely
motivating

How often does <teacher’s name> say something that bothers you?
Almost never

Once in a while

Sometimes

How caring is <teacher’s name> towards you?
Not at all caring
Slightly caring
Somewhat caring

Frequently

Almost the whole
time

Quite caring

Extremely caring

Quite a bit

A tremendous
amount

How much do you like <teacher’s name> personality?
Not at all

Slightly

Somewhat

How often does <teacher’s name> put you in a bad mood during class?
Almost never

Once in a while

Sometimes

Overall, how much do you learn from <teacher’s name>?
Almost nothing
A little bit
Some

Frequently

Almost the whole
time

Quite a bit

A great deal

In this section, we would like to get some general information about you and your family. Please answer
every question to the best of your ability even if you are unsure about the correct answer.
What is your gender?
Male
Female
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Please choose the race/ethnicity that best describes you. If you like, please use the blank spaces to more
accurately describe yourself.
American Indian or Alaskan native
Asian / Pacific Islander
Black or African American
Hispanic American
White/Caucasian
Multiple ethnicity / Other, please specify:
In what year were you born?
Please indicate the primary language spoken in your home.
Chinese
English
French
German
Korean
Spanish
Other (please specify
What grade are you in?

Do you expect to graduate high school?
Yes

No

What do you expect to do immediately after high school?
Get a job
Attend a trade school Attend 2 year college Attend 4 year college Enroll in the military

Please select the highest level of education completed by your mother. If you aren’t sure, please take your
best guess.

Please select the highest level of education completed by your father. If you aren’t sure, please take your
best guess.
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In this last section of the survey we want to let you know a few more things about the task you’ll be
participating in. We are running a physiological study where you will engage in a teaching
interaction. During the experience, we will monitor changes in your heart rate and breathing. Following
the interaction, you will be asked to complete a survey and/or participate in a short discussion. The entire
experience will require approximately 45-60 minutes of your time. You will be paid a total of $20 via an
email gift card upon completion of your full participation.
For the study, you will be asked to wear a type of jogger's belt. It is a thin, light-weight band worn directly
on your skin around the lower part of your rib cage. It is made of synthetic materials, such as polyester,
Lycra® and nylon. Before the interaction begins you will privately place the jogger's belt directly under
your T-shirt against your skin.
The band is a completely passive FDA-approved device. It will only measure your heart rate and
breathing.
Are you allergic to any synthetic materials?
Yes

No

Are you allergic to any of the following materials?
Lycra®
Nylon
Neoprene
Polyamide
LDPE
Polyester
Dorlastan®
Do you have an implanted defibrillator, pacemaker or other medical device?
Yes
No
To make sure you have a comfortable experience if you are selected, do you have any of the following
disabilities, conditions or injuries that we should know of?
Cardiac arrhythmia
Recent stroke
Multiple Sclerosis
Parkinson’s disease
Severe neurological disease
Severe lung condition (e.g. COPD, emphysema)
Other
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None
During the interaction you will wear this device underneath your T-shirt. The band we use will be the same
size as a fitted t-shirt. To make sure we have the right size when you participate, please tell me what
size fitted t-shirt you usually wear?
XS
S
M
L
XL
2XL
3XL
Other

**Important Subject Requirements to read to participants:
You must not drink any alcohol, caffeine or do any recreational drugs prior to or during
the session as they will invalidate our results.
Women may not wear a dress during the study as this makes it difficult to put on the
band. If you cannot put on the band or participate due to your clothing, you may not be
paid.
You may not wear a girdle, body suit or similar undergarments on the day of the test as
they can interfere with our equipment.
The total experience will be approximately 45 minutes without any breaks. Because we
will be monitoring your breathing and heart rate, we will ask that you not get up to use
the restroom and not eat or drink during the experience.
If you leave the room without permission from a test administrator or moderator or fall
asleep during the session, you will not be paid.
Thank you for your participation in this study, and your completion of this survey. We
look forward to meeting you soon!
Vanessa Rodriguez
Doctoral Candidate
Harvard Graduate School of Education
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Appendix 3.3 Teacher Postsurvey
Thank you for participating in this study. In order to wrap up, we now have some
questions about the learning activity that you just took part in. Please take your time and
answer the questions as well as you can.
This survey is confidential. The results will not be shared with the student, or anyone
other than the research team. We are asking for you to enter your name here so that we
can connect your answers to the other data from the study - but once we do so, we will
replace your name with your participant ID number.
Please enter your first name:
Please enter your last name:

Because you will be working with multiple students, we need to match the information
up with the correct interaction. We are asking for you to enter your student's name here
so that we can make that connection - but once we do so, we will replace their name with
their participant ID number.
Please enter this student's first name:
Please enter this student's last name:

For the following questions, please reflect on your interactions with this
student during the learning activity that just took place
How much did you enjoy helping <student’s name> in this learning activity?
Not at all

Slightly

Somewhat

Quite a bit

A tremendous
amount

Quite a bit

A tremendous
amount

Quite friendly

Extremely friendly

How much would you have liked to continue this activity?
Not at all

Slightly

Somewhat

How friendly <student’s name> toward you?
Not at all friendly
Slightly friendly
Somewhat friendly

How often did <student’s name> ignore something you said during the activity?
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Almost never

Once in a while

Sometimes

Frequently

Almost the whole
time

How often did you say something encouraging to <student’s name>?
Almost never

Once in a while

Sometimes

Frequently

Almost the whole
time

How respectful was <student’s name> towards you?
Not at all respectful Slightly respectful Somewhat respectful Quite respectful

Extremely respectful

How excited would you be to work with <student’s name> on another activity?
Not at all excited
Slightly excited
Somewhat excited Quite excited

Extremely excited

How motivating did <student’s name> find the learning activity that just took place?
Somewhat
Extremely
Not at all motivating Slightly motivating motivating
Quite motivating
motivating
In this interaction, how often did you say something that bothered <student’s name>?
Almost never

Once in a while

Sometimes

How caring was <student’s name> towards you?
Not at all caring
Slightly caring
Somewhat caring

Frequently

Almost the whole
time

Quite caring

Extremely caring

Quite a bit

A tremendous
amount

How much do you like <student’s name>’s personality?
Not at all

Slightly

Somewhat

In this interaction, how often did <student’s name> do or say something that negatively impacted your
mood?
Almost the whole
Almost never
Once in a while
Sometimes
Frequently
time
Overall, how much did <student’s name> learn from you during this interaction?
Almost nothing
A little bit
Some
Quite a bit

A great deal

How interested would you be in doing this activity again?
Not interested at all Slightly interested Somewhat interested Quite interested

Extremely interested
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For the following questions, please reflect on your understanding of this student during the learning
activity that just took place
Overall, how often did you try to understand the point of view of <student’s name>?
Almost never

Once in a while

Sometimes

Frequently

Almost the whole
time

How often did you try to figure out what emotions <student’s name> was feeling during the activity?
Almost the whole
Almost never
Once in a while
Sometimes
Frequently
time
In general, how confident are you that you can accurately guess what was motivating <student’s name>?
Not at all confident Slightly confident Somewhat confident Quite confident
Extremely confident
When <student’s name> seemed to change his/her mood, how hard did you try to understand the reasons
why?
Not hard at all
Slightly hard
Somewhat hard
Quite hard
Extremely hard
In general, how often did you try to understand how <student’s name> was viewing the activity?
Almost the whole
Almost never
Once in a while
Sometimes
Frequently
time
When you disagreed with <student’s name>, how confident are you that you could figure out what s/he was
thinking?
Not at all confident Slightly confident Somewhat confident Quite confident
Extremely confident
How often did you try to think of more than one explanation for why <student’s name> said what s/he did?
Almost the whole
Almost never
Once in a while
Sometimes
Frequently
time
During this interaction, how hard did you try to understand <student’s name> 's point of view?
Not hard at all
Slightly hard
Somewhat hard
Quite hard
Extremely hard

When you were interacting with <student’s name>, how confident are you that you could understand
his/her point of view?
Not at all confident Slightly confident Somewhat confident Quite confident
Extremely confident
When <student’s name> said something you disagreed with, how often did you try to "put yourself in
his/her shoes"?
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Almost never

Once in a while

Sometimes

Frequently

Almost the whole
time

How often did you try to figure out what was motivating <student’s name> to say what s/he did?
Almost the whole
Almost never
Once in a while
Sometimes
Frequently
time
How confident are you that you could understand what <student’s name> was thinking when you were
talking with him/her?
Not at all confident Slightly confident Somewhat confident Quite confident
Extremely confident
During the activity, how hard did you try to understand what <student’s name> was feeling?
Not hard at all
Slightly hard
Somewhat hard
Quite hard
Extremely hard
When <student’s name> responded strangely, how confident are you that you can figure out why s/he
responded that way?
Not at all confident Slightly confident Somewhat confident Quite confident
Extremely confident
Overall, how much effort did you put into figuring out what <student’s name> was thinking?
A small amount of
A tremendous
Almost no effort
effort
Some effort
Quite a bit of effort amount of effort

Overall, how confident are you that you can figure out what <student’s name> was feeling during the
interaction?
Not at all confident Slightly confident Somewhat confident Quite confident
Extremely confident
How often did you attempt to understand <student’s name> better by trying to figure out what s/he was
thinking?
Almost the whole
Almost never
Once in a while
Sometimes
Frequently
time
How much effort did you put into figuring out what <student’s name> 's goals were, during the activity?
A small amount of
A tremendous
Almost no effort
effort
Some effort
Quite a bit of effort amount of effort

In addition to helping this student reach a deeper understanding of themselves, you were asked to
evaluate their level of self-understanding. Please describe your assessment of how well this student
understands themselves.
Thank you for your participation in this study, and your completion of this survey.
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Appendix 3.4 Student Postsurvey
Thank you for participating in this study. In order to wrap up, we now have some
questions about the learning activity that you just took part in. Please take your time and
answer the questions as well as you can.
This survey is confidential. The results will not be shared with the teacher, or anyone
other than the research team. We are asking for you to enter your name here so that we
can connect your answers to the other data from the study - but once we do so, we will
replace your name with your participant ID number.
Please enter your first name:
Please enter your last name:

We also need to match your information up with the correct teacher, so we are asking for
you to enter their name here so that we can make that connection - but once we do so, we
will replace their name with their participant ID number.
Please enter your teacher's name (however you refer to them - Mr. Smith, Mrs. Jones,
John, Jane, etc.):

For the following questions, please reflect on your interactions with your
teacher during the learning activity that just took place
How much would you have liked to continue this activity?
Not at all

Slightly

Somewhat

Quite a bit

A tremendous
amount

How much did you enjoy working with <teacher’s name> in this learning activity?
Not at all

Slightly

Somewhat

How friendly was <teacher’s name> toward you?
Not at all friendly
Slightly friendly
Somewhat friendly

Quite a bit

A tremendous
amount

Quite friendly

Extremely friendly

How often did you ignore something <teacher’s name> said to you?
Almost never

Once in a while

Sometimes

Frequently

Almost the whole
time
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How often did <teacher’s name> say something encouraging to you?
Almost never

Once in a while

Sometimes

Frequently

Almost the whole
time

How respectful was <teacher’s name> towards you?
Not at all respectful Slightly respectful Somewhat respectful Quite respectful

Extremely respectful

How excited would you be to work with <teacher’s name> on another activity?
Not at all excited
Slightly excited
Somewhat excited Quite excited

Extremely excited

How motivating did <teacher’s name> make the learning activity that just took place?
Somewhat
Extremely
Not at all motivating Slightly motivating motivating
Quite motivating
motivating
In this interaction, how often did <teacher’s name> say something that bothered you?
Almost never

Once in a while

Sometimes

How caring was <teacher’s name> towards you?
Not at all caring
Slightly caring
Somewhat caring

Frequently

Almost the whole
time

Quite caring

Extremely caring

Quite a bit

A tremendous
amount

How much do you like <teacher’s name>’s personality?
Not at all

Slightly

Somewhat

In this interaction, how often did <teacher’s name> do or say something that put you in a bad mood?
Almost the whole
Almost never
Once in a while
Sometimes
Frequently
time

Overall, how much did you learn from <teacher’s name> in this interaction?
Almost nothing
A little bit
Some
Quite a bit

A great deal

How interested would you be in doing this activity again?
Not interested at all Slightly interested Somewhat interested Quite interested

Extremely interested
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For the following questions, please reflect on how well this teacher seemed to understand you during
the learning activity that just took place
Overall, how often did <teacher’s name> try to understand your point of view?
Almost never

Once in a while

Sometimes

Frequently

Almost the whole
time

How often did <teacher’s name> try to figure out what emotions you were feeling during the activity?
Almost the whole
Almost never
Once in a while
Sometimes
Frequently
time
During this interaction, how hard did <teacher’s name> try to understand your point of view?
Not hard at all
Slightly hard
Somewhat hard
Quite hard
Extremely hard
In general, how often did <teacher’s name> try to understand how you were viewing the activity?
Almost the whole
Almost never
Once in a while
Sometimes
Frequently
time
During the activity, how hard did <teacher’s name> try to understand what you were feeling?
Not hard at all
Slightly hard
Somewhat hard
Quite hard
Extremely hard
When you changed your mood, how hard did <teacher’s name> try to understand the reasons why?
Not hard at all
Slightly hard
Somewhat hard
Quite hard
Extremely hard
When you said something that <teacher’s name> disagreed with, how often did <teacher’s name> try to
put him/her self "in your shoes"?
Almost the whole
Almost never
Once in a while
Sometimes
Frequently
time
How much effort did <teacher’s name> put into figuring out what your goals were, during the activity?
A small amount of
A tremendous
Almost no effort
effort
Some effort
Quite a bit of effort amount of effort
How often did <teacher’s name> try to figure out what was motivating you to say what you said?
Almost the whole
Almost never
Once in a while
Sometimes
Frequently
time
How often did <teacher’s name> attempt to understand you better by trying to figure out what you were
thinking?
Almost the whole
Almost never
Once in a while
Sometimes
Frequently
time
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Overall, how much effort did <teacher’s name> put into figuring out what you were thinking?
A small amount of
A tremendous
Almost no effort
effort
Some effort
Quite a bit of effort amount of effort

Now that you have worked with this teacher, we would like to give you another
opportunity to answer the question:
"Who are you?"
(Please describe yourself in the space below)
Thank you for your participation in this study, and your completion of this survey.
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Appendix 3.5 Galvanic Skin Response Equipment

Biometric data of GSR was collected using an FDA-approved GSR sensor manufactured
by EquivitalTM. The device is a noninvasive “jogger’s belt” that was worn around the
chest. Raw biometric data was sent wirelessly via a secure Bluetooth connection to a
password-protected testing laptop that only the investigators had access to.
To maintain the participants ability to write
during the interaction, dry electrodes were
used to measure GSR level on the third and
fourth fingers of each individual’s
nondominant hand.

Data were processed
using Equivital LiveLink
software, which displays
real-time multiple data
sets with full waveforms.
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CHAPTER 4:
GENERAL CONCLUSIONS
After reviewing the data gathered from both studies, a new paradigm for teacher
cognition can be hypothesized, built upon the foundations of dynamic skill theory and
social-emotional cognitions. In my new schema, teacher cognition is viewed through the
five awarenesses (Chapter 2) which overlay the traditional noninteractive socialemotional cognitions ascribed to teaching (empathy, social perspective taking, and theory
of mind) and the less well described interactive components such as psychophysiologic
synchrony. The synchrony study (Chapter 3) extended my new schema by providing
preliminary evidence that synchrony (a psychophysiologic manifestation of teacher–
student social interaction) exists and is sensitive to the level of support given to the
interaction (as predicted by dynamic skill theory). My study further provided preliminary
support that teacher–student synchrony is connected to the individual social-emotional
cognitions generated from teachers’ reflections on their practices. The exact connections
between the domains of my new schema are unclear; however, the results of my two
studies provided a promising foundation for further exploration.
If these data can be further replicated and substantiated, they have potentially
important implications for conceptions of teaching—and ultimately, for teachers.
Developing an awareness of these cognitions may provide teachers with new insights that
can enhance their skills, increase their understanding of the systems they create and work
within, as well as modulate their social-emotional cognitions to improve their
effectiveness. Further, it may be possible to use the measurement of synchrony during
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teaching interactions to further enhance and improve teachers’ insights into their
interactions.
These exciting implications are tempered by the preliminary nature of the findings
and the enormous amount of research needed to support these assertions. For example,
the synchrony seen between teacher and student may be quite different (or nonexistent)
when measured in a classroom environment in which a teacher is simultaneously
interacting with 30 to 40 students. The small sample size used in the synchrony study
(Chapter 3) requires validation on a larger scale, as do the awarenesses identified in the
cognitive interview study (Chapter 2). Moreover, a dynamic skill theory framework
indicates that teachers’ social-emotional cognitions exist on a hypothetical developmental
skill complexity scale of teaching.
My studies focused on expert teachers who represent at the top of a hypothesized
skill complexity scale for teaching—the highest levels of cognitive development. The
goal was not to provide evidence for the existence or nature of the theorized
developmental teaching scale. This choice was intentional: This work was meant as a
starting point for further investigation into potential developmental trajectories and
exploration of the transition from novice to expert teacher. Similarly, the observations
found in this study between synchrony and teacher–student relationships are promising,
but should be viewed as preliminary; many unmeasured steps remain between
psychophysiologic synchrony and teaching behaviors.
Many pathways exist to pursue the promising observations seen in these studies.
Next steps might include replication of both studies using larger sample sizes. In
addition, changing the teacher sample to include novice teachers and comparing the data
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with the expert teacher results would be an important step in elucidating the posited
teacher cognition developmental skill complexity scale. Expanding the individual socialemotional cognition measures that are compared to psychophysiologic synchrony would
help shed light on the underlying connections to my overarching teaching awareness
framework. Examining other physiologic (heart rate, respiratory rate, facial motion) and
neurologic measures of synchrony (using dual EEG or fNIRS hyperscanning
technologies) would also illuminate connections to the teaching awareness framework.
The ultimate goal of my research was to characterize teaching as a developmental
and social-emotional cognitive skill whose complexity can be better understood when
viewed through a dynamic systems lens. To begin to unpack these phenomena, a
complementary approach was used combining two indirect measures of the socialemotional cognitions within teachers’ minds: (a) cognitive interviews of expert teachers
reflecting on their teaching interactions and (b) psychophysiologic synchrony during
teaching as a measureable form of social interactions, and by proxy, social-emotional
cognition. This approach provided preliminary insight into teaching as a complex system
comprising dynamic and social-emotional cognitive processes. Future studies should
expand their samples to include children and parents as teachers, as well as classroom
teachers selected from the entire novice-to-expert spectrum. Measures that are more
comprehensive of interactive and noninteractive social-emotional cognitions are also
needed. These future studies will extend the insights of educators, researchers and
policymakers into the developmental and social-emotional cognitive skill of teaching.

