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ARTICLE

Synchronization: a framework for examining
emotional climate in classes
Efrat Eilam 1*

ABSTRACT This conceptual paper stems from a growing body of research examining the

roles and functions of emotional climate (EC)—the collective state of students’ shared

emotions—in classrooms. It suggests that EC in classrooms can be analyzed as a synchro-

nization phenomenon. Synchronization is a natural phenomenon, in which autonomous

objects that produce periodic rhythms adjust these rhythms to one another. The purpose of

this article is thus twofold: to position the concept of EC within the broader context of

synchronization theory; and to propose a new definition for EC that captures synchronization

aspects. This paper first explains the theory of synchronization. It then critically discusses

several sociological and biological theories regarding emotions, and the implications of these

theories for teaching and learning. It subsequently delves into current conceptualizations of

EC, and the descriptors used to characterize EC in classrooms. On the backdrop of this

theoretical review, an argument is developed that humans’ produced emotions can be viewed

as autonomous rhythmic oscillators that have the capacity to synchronize with one another,

and that, consequently, EC can be studied as a form of synchronization within an ensemble of

oscillators. Finally, a new definition of EC is proposed that integrates essential synchroni-

zation features. Overall, this paper suggests that synchronization theory can provide a fra-

mework of analysis of EC as a holistic phenomenon, not reduced to discrete emotional

events. This approach may contribute to enhancing explanatory and predictive capacities in

the study of EC.
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Introduction

This conceptual paper proposes a new framework of analysis
for examining the roles and functions of emotional climate
(EC) in classrooms. A classroom’s EC can be understood as

the collective state of students’ shared emotions (Bellocchi et al.,
2014). Studies suggest that positive classroom emotions enhance
both the learning experience and learning outcomes (Bellocchi
et al., 2014; Reyes et al., 2012; Trigwell, 2012).

Herein, I propose that EC in classrooms can be considered as an
expression of a synchronization phenomenon—a system com-
prising multiple autonomous individuals that produce periodic
rhythms with the capacity to adjust to one another. Additional
examples of synchronization phenomena include the conformity
of the sounds of organ-pipes, fireflies emitting sequences of light
pulses, applauding audiences, and circadian cycles. Though these
phenomena might initially seem to have little in common, in fact,
they exhibit numerous shared characteristics that enable them to
be studied under a unified theory of synchronization (Pikovsky
et al., 2001, p. 7). Herein, I propose that this theory can be applied
to the study of EC. More specifically, this essay seeks to achieve
two main goals: (i) to position the study of EC within the broader
context of the naturallyoccurring phenomenon of synchroniza-
tion; and (ii) to propose a new definition of EC, capable of cap-
turing aspects of synchronization.

The field of study of EC in classrooms has developed sub-
stantially over the past decade, advanced primarily by a leading
group of researchers in Australia and in the U.S.A. (e.g., Bellocchi
et al., 2013; Bellocchi et al., 2014; Davis and Bellocchi, 2018;
Rinchen et al., 2016; Ritchie and Beers Newlands 2017; Tobin
et al., 2013). Their work, which was conducted primarily within
science classrooms, brought EC to the attention of science edu-
cation researchers, and laid the groundwork for further investi-
gation of EC in classroom settings. Thus far, studies investigating
EC in education have tended to adopt an eventoriented analysis
approach, using research methodologies such as “auto-ethno-
graphic selfstudies, narratology, interpretive research grounded in
hermeneutic phenomenology” (Tobin, 2018, p. 33). These
methodologies generally entail using in-depth analysis to unpack
various properties of an emotional event (Davis and Bellocchi,
2018; Ritchie, 2018; Ritchie and Beers Newlands, 2017; Tobin,
2018; Tobin et al., 2016).

Building on this body of research, the present article addresses
the topic of classroom EC through a different lens. It diverges
from prior studies ontologically and epistemologically. Whereas
previous studies dissected EC into discrete events, classroom EC
is viewed here as a whole-class phenomenon, analogous to a
living organ in which the whole is not a cumulative sum of its
parts. To understand EC from this perspective, there is a need to
develop a framework of analysis that is capable of drawing
meanings from the behavior of the organ as whole. The analogy
to this claim is that, in the same way that we cannot fully
understand how the arm works by in-depth analysis of parts of
the arm (for example, ligaments), it is not possible to develop a
comprehensive understanding of the effects of EC, or the capacity
to measure and predict those effects, without a holistic framework
of analysis.

In what follows, I first explain the theory of synchronization.
With this theory in mind, I proceed to outline our current
understanding of emotions, approaching the topic from both a
theoretical-sociological perspective and a biological-
neuroscientific perspective. I then elaborate on the implications
of emotions for teaching and learning; critically discuss current
definitions and descriptors of EC; and explain the applicability of
the theory of synchronization as a framework for researching EC.
Finally, I propose a new definition of EC that integrates essential
features of synchronization phenomena.

Synchronization
Synchronization in nature: overview and examples. Synchroniza-
tion phenomena are abundant throughout nature. Our sur-
roundings are full of oscillating objects that synchronize with one
another: clocks; singing crickets; flocks of birds flapping their
wings; cooperative behavior of humans and non-human animals,
such as insects; the adjustment between heart rate and respira-
tion; the synchronous firing of neurons. All these and many other
systems have a common feature: they produce periodic rhythms
that have the capacity to adjust to one another (Pikovsky et al.,
2001, p. 17).

The word synchronous is derived from Greek. It literally means
“occurring in the same time” (Pikovsky et al., 2001, p. 17).
Synchronization is a universal phenomenon that “can be
understood within a common framework based on modern
nonlinear dynamics” (p. 1).

McClintock (1971) was the first to carry out a scientific study
of synchronization in a human socio-physiological system. She
studied the menstrual periods of 135 undergraduate females
living in shared dormitories. She found that menstrual cycles of
close friends became increasingly synchronized over the time
these individuals spent together in shared accommodations
(Strogatz, 1997, p. 2). Particularly interesting was the finding
that the greater the extent to which a group of women regarded
themselves as “close friends”, the stronger the synchronization
among them (McClintock, 1971). These findings demonstrate
how interpersonal emotional-social processes (close friendships)
affect the synchronization of physiological processes (menstrual
periods). So far, no mechanisms for explaining the underlying
emotive-socio-physiological pathways have been identified.

Definition of key terms. An established set of rules defines what
may and what may not be regarded as synchronization (Pikovsky
et al., 2001). Key terms relevant to synchronization are defined
and explained below, and inclusion and exclusion rules are dis-
cussed when applicable.

Synchronization. Synchronization is characterized as “adjust-
ment of rhythms of oscillating objects due to their weak inter-
action” (Pikovsky et al., 2001, p. 8). This occurs when two or
more autonomous objects with different rhythms adjust their
rhythms in relation to one another.

This definition implies the following inclusion or exclusion
rules:

1. For synchronization to occur, the objects must be
oscillators and autonomous systems. The fact that two
variables have similar frequencies is not enough to imply
that they are synchronous.

2. The objects must be open systems that receive signals from
their environment and interact with other objects, such that
if these environmental signals are removed, the objects will
no longer oscillate in common rhythms. For example, the
circadian cycle (the internal biological clock) is influenced
by various factors such as exposure to light and
temperature. If these signals are removed, the circadian
cycle of an organism will deviate from the “normal” 24-h
rhythm (Pikovsky et al., 2001, p. 7).

Oscillator. An oscillator is an autonomous, self-sustained system.
If perturbed it will attempt to return to its original mode. For
example, a clock takes energy from a given source and maintains
a steady oscillation of its pendulum until its energy supply ceases.
The oscillatory motion is entirely determined by the internal
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parameters of the clock and does not depend on how the pen-
dulum was put into motion (Pikovsky et al., 2001, p. 8).

Rhythm. Autonomous oscillators can exhibit various forms of
rhythms such as a sine-like waveform or short pulses. The
rhythm is determined by the properties of the system itself. A
synchronized object adjusts its rhythm in conformity with the
rhythms of other objects (Pikovsky et al., 2001, p. 9). Yet, when
two synchronized oscillating systems are separated from each
other, they will continue to oscillate in their own rhythms.

Rhythms of oscillating systems can be quantified in various
ways. One common means of quantifying a system’s rhythm is to
count the number of oscillation cycles per time unit, i.e., to
measure the frequency of the cyclic oscillations (Pikovsky et al.,
2001, p. 9).

Frequency entrainment, phase locking, and phase shift. When
synchronization occurs, the frequencies of two or more oscillating
objects may be locked. For example, experiments with pendulum
clocks have shown that when two independent, non-identical
clocks, with different oscillation periods, are placed in proximity
to each other, they adjust their rhythms and start to oscillate with
a common period. This type of phenomenon is often referred to
as “frequency entrainment” (Pikovsky et al., 2001, p. 11).

Phase locking is a term used for describing the onset of a
certain relationship between the phases of two synchronized self-
sustained oscillators. Phases can be locked such that the
oscillators are synchronized to move in the same direction (in-
phase locking), opposite direction (anti-phase locking), or any
variations in between (e.g., moving in the same direction but with
a constant frequency lag between the oscillators) (Pikovsky et al.,
2001, p. 14).

Mathematically, phase locking does not mean equality of
phases but rather phases that keep the same relationships to each
other over time. Phases φ1 and φ2 are referred to as being “n:m
locked” if the following inequality holds: |nφ1−mφ2| < constant
(Pikovsky et al., 2001, p. 23).

When two oscillating objects are synchronized, their motions
are not necessarily identical. In our previous example of the
synchronized clocks, for example, we might expect to see
differences in the motions of the clock pendula due to differences
in their initial oscillation periods. The difference in the
frequencies of oscillation is termed phase shift. A phase shift will
always be present if two systems had initial differences in their
oscillation periods. In many cases the differences are subtle and
can only be detected with specifically designed instruments. For
example, without instrumentational measurements, most people
in an applauding crowd will not be able to detect any phase shifts
among applauding individuals (Pikovsky et al., 2001).

Synchronization within ensembles of oscillators. Ensembles of
oscillators may become synchronized in various ways. Synchro-
nization patterns that are commonly observed in nature and in
physical systems include chain, lattice and global (all-to-all)
synchronization. In the case of global (all-to-all) synchronization,
coupling occurs when there is an ensemble of mutually-coupled
oscillators in synchronization. An example of such a self-
organizing system is a large population of fireflies flashing in
synchrony, or a large audience in a theater applauding in syn-
chrony (Pikovsky et al., 2001, p. 126). An attuned listener in an
audience might notice how synchronization is formed through a
series of rather fast (several oscillatory periods) transitions from
noise to a rhythmic, nearly periodic, applause, culminating in
synchronized applause (Pikovsky et al., 2001, p. 19).

In cases of global coupling, each individual responds to the
collective behavior (e.g., audience applause or fireflies flashing) of
the whole population, rather than to another individual in the
group (Strogatz, 1997, p. 3). With regard to the underlying
mechanism, Art Winfree (1967) discovered that “synchronization
occurs cooperatively, in a manner strikingly reminiscent of a
thermodynamic phase transition” (in Strogatz, 1997, p, 3). Winfree
(1967) found that when the differences between the individual
frequencies are large, the rhythms are incoherent. As the
differences between frequencies begin to decrease, at some critical
threshold the system spontaneously freezes into synchrony.

Differences between biological oscillators and physical oscillators.
Winfree (1967, as cited in Strogatz, 1997) identified two impor-
tant differences between synchronization among physical objects
and synchronization among biological objects. Physical oscillators
tend to be self-sustained in the sense that if they are perturbed,
they will remember this perturbation forever. In comparison,
biological oscillators are selfregulating. They regulate their own
amplitude, and, if perturbed, they return to a standard cycle. In
addition, physical oscillators can be identical to one another,
whereas biological oscillators are never identical, due to genetic
variability.

Another difference between physical and biological oscillators
relates to measurement. Measuring signals in a biological system
tends to be much more complex compared with measuring
signals in physical objects (e.g., clocks), because in a biological
system it is not possible to manipulate the parameters of the
system, such as the coupling strength. The only way to measure
interactions between oscillating biological systems is under free-
running conditions (Pikovsky et al., 2001).

Measuring synchronization. Synchronization measurement con-
sists of analyzing the relationships between the phases and fre-
quencies of interacting objects (Rosenblum et al., 2001; Pikovsky
et al., 2001, p. 156). The phases may be measured by identifying
markers in a time series. For example, in electrocardiography
(ECG) measurements, every normal cardio-cycle contains a sharp
peak that can be localized in time. The time interval between two
such peaks corresponds to one complete cardio-cycle. Therefore,
the phase increase during this time interval is exactly 2π
(Pikovsky et al., 2001, p. 153). The frequency is determined by the
number of oscillating cycles per time unit, measured as 2π/T
(Pikovsky et al., 2001, p. 10).

Because synchronization is not a state but instead a process of
adjustment of phases and frequencies, multiple measurements are
required to establish the presence of synchronization (Pikovsky
et al., 2001, p. 157).

As noted above, the measurement of synchronization in
biological systems poses particular challenges due to a lack of
access to oscillators’ parameters. Even if repeated measurements
do reveal relations between oscillators’ phases and frequencies, it
remains difficult to determine whether these relations are
attributable to synchronization or pure coincidence. In light of
this limitation, it is important to note that synchronization
analysis is based on the assumption that the objects are self-
sustained oscillators that either interact or oscillate independently
(Pikovsky et al., 2001, p. 168). When attempting to evaluate
whether a biological system indeed shows oscillation patterns that
can be described by a synchronization model, it is necessary to
first confirm this assumption.

To sum up, the discussion above presents the basic assump-
tions of the theory of synchronization. In later sections, the
appropriateness of synchronization models for describing the
phenomenon of EC (i.e., as a synchronization of individuals’
emotions) will be further addressed.

PALGRAVE COMMUNICATIONS | https://doi.org/10.1057/s41599-019-0356-0 ARTICLE

PALGRAVE COMMUNICATIONS |           (2019) 5:144 | https://doi.org/10.1057/s41599-019-0356-0 | www.nature.com/palcomms 3

www.nature.com/palcomms
www.nature.com/palcomms


Theoretical and biological understanding of emotions. Emotions
are composite-dynamic phenomena, which involve interactions
between physical properties (such as muscle contractions) and
non-physical ones (such as cognitive perceptions), occurring over
time and space dimensions (Collins, 2004; Barrett, 2017; Pekrun
et al., 2009). Diverse theories of emotions have been developed in
various disciplines, adopting a multitude of theoretical lenses. As
this work focuses on EC in education, in what follows I discuss
and subsequently build on the sociological and neuroscientific
theories that are most widely used in this body of research.

As far back as the 1800s, Charles Darwin (1969/1872) in “The
Expression of Emotions in Man and Animals” developed three
principles that formed the basis of a theory of expression. These
principles, whose aim was to explain the occurrence of emotional
expression and involuntary gestures, were based on the assump-
tion that emotion, or “state of mind”, induces physical
expressions.

The first principle, “the principle of serviceable associated
habits”, suggests that there are associations between states of
mind and physical expressions. These associations develop into
habitual responses, and they are heritable (p. 28). The first
principle recognizes that, though the initial association between a
state of mind and a physical expression is formed to provide some
service to the organism, this association later turns into a habit
that does not necessarily provide a service.

The second principle, “the principle of antithesis”, suggests that
when opposite states of mind are induced, there is an involuntary
tendency to perform movements of opposite nature. Such
responses are of no use to the organism (p. 28).

The third principle is “the principle of actions due to the
constitution of the nervous system, independently from the first
of will, and independently of a certain extent of habit”. This
principle relates to unmediated direct action by the nervous
system (p. 29).

Darwin continues to describe the role of emotions in the
development of adaptive behavior and in regulating interactions
between individuals who belong to social species. As discussed
later in this essay, Barrett (2017) criticized Darwin’s ideas about
emotions as being essentialist and anti-evolutionist. However, in
my view, Darwin’s ideas about emotions were extraordinary for
his time, in at least three ways: first, they explicitly link mental
states with physical bodily expressions; second, they identify the
roles that emotions play at both the individual (micro) level and
the societal (macro) level, and they create links between the two
levels; and third, they acknowledge that non-human animals do
exhibit high-order emotions (emotions that are not mere reflex),
an idea that was later denounced and only revived again in the
late 20th century (Sorabji, 1995).

Building on Darwin’s work, William James (1968/1884) and
Carl Lange (1885) independently reached a similar conclusion
known as the James–Lange theory, according to which a stimulus
creates physiological changes that are later interpreted by the
cortex as emotion. James (1968/1884) described the following
sequence of emotional processes: “the bodily changes follow
directly the perception of the exciting fact, and that our feeling of
the same changes as they occur is the emotion” (p. 19, as quoted
in Scherer, 2000, p. 155). According to this view, emotions are
elicited not by the direct experience, but rather by an awareness of
physical changes. The perception of emotion is a cognitive
interpretation of physiological changes (Scherer, 2000).

Other scholars in the late 19th century, such as John Dewey
(1894), continued to grapple with questions related to the
universality of emotional expressions and the perceived linear
pathways connecting perception, awareness and expression.

Current (21st-century) multi-componential theories of emo-
tion acknowledge that emotions do not behave as a simple linear

cause-effect phenomenon; rather, they are better characterized by
their complexity (Sander et al., 2005; Scherer, 2004). Scherer
(2004) proposed the component-process definition, describing
emotions as processes of causallylinked mental elements
(appraisal, action tendency, subjective experience) and behavioral
elements (physiological reactions, facial and vocal expression).
According to this definition, the perception and appraisal of
events occur simultaneously rather than sequentially. These in
turn trigger changes in all the systems involved in the emotional
process.

It is important to note that both the early theories and the
more recent theories view cognitive information processing as an
essential component of the emotional response, disregarding the
widely applied binary view of emotions as separate from
cognition. However, assumptions regarding the extent of
inseparability vary among different scholars and disciplines.

Sociological theories of emotion. Several sociological perspectives
of emotions establish links between the emotions of individuals
and social structures (Collins, 2004; Turner, 2007). These per-
spectives converge to the following ideas: (i) Emotions are hard-
wired and constitute a hierarchy of primary, secondary and ter-
tiary levels (Turner, 2007). (ii) The expression of emotion influ-
ences and is influenced by various social stimuli (Collins, 2004;
Turner, 2007). (iii) Though emotion and cognition are highly
interconnected, there is a distinct separation between the two
(Collins, 2004, p. 107).

Collins’ (2004) Interaction Ritual Theory explains emotions as
generating and being generated by social rituals, where a ritual is
defined as “a mechanism of mutually focused emotion and
attention producing a momentarily shared reality, which thereby
generates solidarity and symbols of group membership” (p. 7).
According to this theory, an individual’s perception of reality is
constructed by emotional processes in which rituals act as driving
forces (Collins, 2004, p. 104). Participation in a ritual gives the
individual a special kind of energy, termed emotional energy.
Collins (2004) characterizes this energy as: (i) a strong, steady
emotion, lasting over a period of time (p. 134) (the “half-life” of
emotional energy is suggested to be between a few hours and a
few days (p. 150)); (ii) stored in the brain, in attachment to
symbols (p. 38); (iii) objectively measurable by outside observers
through bodily postures and expressions, interactions, self-
reports, and hormonal levels (p. 135).

Despite the centrality of emotions in this theory, the term
“emotional energy” remains at the level of a metaphor. Indeed,
despite the theory’s claim that “the physiology buttresses the
sociology” (Collins, 2004, p. 107), recent research in neuroscience
suggests that there is no evidence for measurable emotional
energy essence (Barrett, 2017). More so, it is questionable whether
a metaphor can be empirically observed and measured, in a
scientific way. Noble (2008), for example, discusses the limita-
tions of the selfish gene as a metaphor. He provides an opposing
metaphor to the selfish gene, and challenges the reader to think of
an empirical test that could possibly distinguish between the two
diametrically opposing metaphors (p. 11). Noble (2008) con-
cludes that “no metaphors map perfectly to the situation they are
describing.…the harm is done when we take the metaphors too
literally…and interpret them as uniquely correct scientifically”
(p. 15).

Turner’s (2007) sociological theory of emotion considers
emotions as both biological and cultural processes. Cultural
norms govern the arousal of particular emotions, which, in turn,
affect social encounters and larger social structures. Turner
acknowledges tight evolutionary connections between emotions
and cognition, yet he does not perceive the two as unified. He
states that “it is the interaction between cognitive and emotional

ARTICLE PALGRAVE COMMUNICATIONS | https://doi.org/10.1057/s41599-019-0356-0

4 PALGRAVE COMMUNICATIONS |           (2019) 5:144 | https://doi.org/10.1057/s41599-019-0356-0 | www.nature.com/palcomms

www.nature.com/palcomms


capacities that makes rationality and memory possible on human
scale” (Turner, 2007, p. 37). The theory further suggests that the
hierarchical organization of emotions in the brain is derived from
the interaction of primary emotions, which create secondary and
tertiary levels of emotions (Turner, 2007, p. 6).

Neuroscience-based theories of emotion. Neurobiological research
has produced findings consistent with the psychological view that
emotions permeate all cognitive functioning, including memory
(Damasio, 1994; Davidson and Begley, 2012; Immordino-Yang
and Damasio, 2007; Sylwester, 1995) and the various mental
processes involved in learning (Rosenfield, 1990). Indeed, it seems
that all brain regions are affected by emotions, suggesting that
everything that humans do is impacted by emotions (Davidson
and Begley, 2012; Barrett, 2017).

Studies examining the neurobiological pathways activated in
the presence of emotion have hypothesized that emotional
experiences cause certain hormones to be released in the brain,
and that these hormones, in turn, influence how information is
encoded into structures that elicit memories (Packard and Cahill,
2001, as cited in Titsworth et al., 2010, p. 434). Grossberg (2009)
suggested that emotions direct learning through the following
pathway: “Incentive motivational learning enables emotions to
generate a motivational set that biases the system to process
information consistent with that emotion” (p. 1226). This model
suggests that emotional concepts can modify how people use
previously-learned information to make decisions (Titsworth
et al., 2010, p. 434).

Research in neuroscience has given rise to Lisa Feldman
Barrett’s (2017) Theory of Constructed Emotion. This theory
presents emotions as constructs of our brains, rather than built-
in. Specifically, Feldman Barrett (2017) suggests that there is no
form of inherent emotional fingerprint, or essence of emotion,
and that there is no specific location in the brain in which
emotions reside (p. 168). Rather, emotions are concepts, which are
dependent on a combination of physical properties, the flexibility
of the brain to respond to its environment, and the culture and
environment in which emotional responses evolve and operate (p.
12). As concepts, emotions serve various purposes. At the level of
the individual, they function to: make meanings, prescribe action,
and regulate the body budget (pp. 138–139). At the level of
society, they function to: (i) form communication, as “two people
categorize with concepts in synchrony” (p. 139); and to (ii) create
social influence—tools to regulate other people’s body budgets”
(p. 139). The latter social aspect of emotions provides strong
grounds for studying EC as a form of synchronization.

Stemming from this theory is the idea that there is no
universality in emotions or in their expressions. Variation, not
uniformity, is the norm in regard to emotional bodily responses
to the same categories of emotions (p. 23). The theory asserts that
emotions are not distinct from cognition and perception (p. 34).
Their seeming universality is derived from socially shared
concepts (p. 38).

Barrett (2017) further criticizes Darwin (1969/1872), stating
that his theory of emotions contradicts his own Theory of
Evolution (Darwin, 1859), in that it is essentialist.

This criticism may also be applicable to Collins’ (2004) and
Turner’s (2007) sociological theories of emotions, described
above. These theories, too, seem to presuppose that emotions
have an essence, meaning an underlying property that causes
them to be similar (Barrett, p. 157). Barrett explains that
according to the Theory of Evolution, “each species was a
conceptual category—a population of unique individuals who
vary from one another, with no essence at their core” (p. 159).
According to this perception, a concept of the emotion “sadness”
is a statistical summary. “It is based on variation, whereas

essentialism is based on sameness” (p. 157). Barrett further asserts
that “essentialism is remarkably difficult to disprove. Since an
essence can be an unobservable property, people are free to
believe in essences even when they cannot be found” (p. 162).

Notably, thus far, most classroom studies concerning EC have
relied on the sociological theories of emotion reviewed above, and
may therefore be vulnerable to similar critiques. In contrast, the
approach proposed herein for examining emotional synchroniza-
tion in EC is firmly rooted in the recent neuroscientific Theory of
Constructed Emotions, as will be elaborated in what follows.

The role of emotions in education. The second half of the 20th
century saw a gradual shift from the perception of learning as a
purely rational process to viewing learning as a complex process
in which emotions and cognition are intertwined (Dierking,
2005).

Studying the role of emotions in education poses particular
challenges due to the lack of universality in the nature of
individuals’ emotions, discussed above (Barrett, 2017). Moreover,
unlike characteristics commonly attributed to cognition, such as
conceptual change, which show some stability over time,
emotions tend to undergo fluctuations, making them difficult to
capture and measure (Zembylas, 2005). An additional challenge is
posed by the gap between the individual’s perception of emotions
and their neurological expression (Barrett, 2017; Tamietto and de
Gelder, 2010; Zembylas, 2005). Emotional stimuli may trigger
physiological and behavioral responses without ever being
perceived consciously (De Gelder et al., (2001); Tamietto and
de Gelder, 2010).

In recent years, research focusing on emotions in science
classrooms has undergone expansive development, as reflected in
the introduction of new theoretical frameworks, methodologies
and methods. Davis and Bellocchi (2018) describe the expansion
of theoretical perspectives as a strategy employed by researchers
to “wrangle the emotion octopus into a manageable container” (p.
10). Tobin (2018) refers to these emerging research approaches as
“multilogical bricolage” (p. 33). This perspective conceptualizes
the diverse theoretical and methodological frameworks as
complementary to one another, rather than as different and
mutually exclusive truth systems. Research grounded in this
perspective has a strong ethical basis that focuses on change and
educating all participants (Tobin, 2018; Tobin et al., 2017).

A particular application of this approach is in the study of
emotional events (Ritchie and Beers Newlands, 2017). An
emotional event is “a unit of analysis associated with cultural
transformation in the classroom that originated from ruptures in
the everyday practices of teachers and/or students to produce
salient emotional outcomes” (Ritchie and Beers Newlands, 2017,
p. 108). The process of analysis aims to unpack the “temporal,
contingent, and transformational properties” of an emotional
event (Ritchie and Beers Newlands, 2017, p. 118).

Research to date has been successful in identifying intricate
feedback loops and impacts related to the relationships between
emotions and learning outcomes. It was suggested that emotions
are critically important in relation to other learning aspects such
as students’ motivation, identity development and learning
performance and outcomes (Schutz and Pekrun, 2007 as cited in
Pekrun et al., 2011). For example, studies focusing on memory
and information retainment have revealed that individuals
remember emotional events to a greater extent, and in more
detail, than they remember non-emotional events. These
observations suggest that emotions contribute to conceptual
retention of learning (Immordino-Yang and Damasio, 2007;
Kensinger and Schacter, 2008 as cited in King et al., 2015;
Nielson and Lorber, 2009; Olafson and Ferraro, 2001). In
particular, it was found that heightened emotions are linked to
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long-term memorability of learning activities (Allen, 2010; King
et al., 2015).

Other studies relate emotions to specific cognitive perfor-
mance. For example, it was reported that positive affective states
promote creative, flexible, and holistic ways of thinking, whereas
negative affective states promote more analytical, detailed, and
rigid ways of processing information (Ashby et al., 1999; Fiedler,
2001 as cited in Pekrun et al., 2009, p. 118). Enjoyment of
learning tends to be a positive predictor of performance,
whereas anger, shame, boredom, and hopelessness tend to be
negative predictors (Pekrun et al., 2009, p. 118). In line with
these findings, Trigwell et al. (2012) report correlation between
positive emotions and learning outcomes such as achievement
scores. Reyes et al. (2012) observed a positive association
between the extent to which a classroom’s EC is positive and the
grades that students in the class achieve. Other studies have
indicated, however, that both positive and negative emotions are
conducive to learning, revealing intricate relationships among
the ups and downs of learning processes (Jaber and Hammer,
2016; King et al., 2015; King et al., 2017; Tomas et al., 2016).
Bellocchi (2018) investigated disruptive emotional events
among 8th-grade students engaged in three types of scientific
inquiries: closed non-laboratory; guided laboratory-based; and
open laboratory-based. He found that negative emotional events
arise when students encounter barriers to the progression of
their inquiries, and that some categories of negative emotional
events are conducive to learning (e.g., failure during experi-
mental trials), whereas others impede learning (e.g., equipment
malfunctions).

Students’ self-regulation of emotions has been found to
support achievement of desirable learning outcomes (Kershner
et al., 2012; Tomas et al., 2016). Additional studies have shown
that relaxation techniques such as short deep breathing and
mindfulness support regulation of emotions (King et al., 2018;
Powietrzyńska and Gangji, 2016), and particularly negative
emotions (King et al., 2018). Research findings further highlight
the importance of developing teachers’ capacity to gauge
students’ emotions and respond accordingly (Bellocchi and
Ritchie, 2015; Davis and Bellocchi, 2018; King et al., 2017; Milne
and Rubin, 2011).

Taken together, the studies reviewed above suggest that
researchers are just beginning to uncover intricate relationships
between emotions and learning. To develop this field further,
Linnenbrink-Garcia and Pekrun (2011) call for advances in
methodology and approaches to assessing emotions in order to
improve understanding regarding the relations between emotions
and students’ cognitive processes, motivation and academic
performance.

Moreover, we observe that current work in this vein largely
tends to approach the classroom experience as a collection of
discrete units of analysis of emotional events. Thus far, a similar
approach has been used in the study of EC as well, as I
elaborate below.

Emotional climate
Definitions. Emotions at the individual level are often governed by
social interactions (Zembylas, 2005). Social interactions may be
particularly integral to emotion in situations in which multiple
people are sharing an experience, as in the case of a classroom in
which students are engaged in social encounters. The shared
emotions manifest themselves as an EC (Bellocchi et al., 2014).

Thus, EC can be viewed as a form of shared experience, where
the term experience refers to the process of “relating information
from outside sources to states of consciousness” (Csikszentmi-
halyi, 2014, p. 211). According to this definition, experience

intrinsically includes both external signals and the individual’s
responses to them.

Over the years, researchers have proposed various refinements
for the general concept of EC as a manifestation of shared
emotions. De Rivera (1992), for example, distinguished the
concept of EC from that of emotional atmosphere. Specifically,
according to his definitions, emotional atmosphere refers to “the
collective behavior that a group or society may manifest when it is
focused on a common event” (p. 2), whereas EC refers to “the
emotional relationships between members of the society” (p. 2).
Thus, these two early definitions separate between the behavior of
the group and the relationships within it.

Barbalet (1995) merged the two aspects and broadened the
definition of EC by including the context and impact of the EC
formation process. Specifically, he defined EC as “sets of
emotions or feelings which are not only shared by groups of
individuals implicated in common social structures and
processes but which are also significant in the formation and
maintenance of political and social identities and collective
behaviour” (p. 23).

de Rivera and Páez (2007) later refined the earlier definition to
include not only group relations but also the context in which the
relations are formed. They described EC as the “predominant
collective emotions generated through the social interaction of a
group’s members in a particular milieu” (p. 235).

In the context of the classroom, Evans et al. (2009)
conceptualized EC as primarily “the interchange of feelings
between teacher and student” that takes place during class (p.
140). Oakley (2018) highlighted the momentary aspect of EC.

Páez and Rimé (2014) related Durkheim’s (1912) notion of
emotional communion to the concept of EC. They noted that
“every affect-loaded event brings people together and elicits a
process of emotional communion or perceived emotional
synchrony, composed by emotional contagion and synchrony
with others, that supports fusion of identity” (p. 3). This process
of emotional communion, in turn, develops into EC through the
following process:

“As regards emotional communion or perceived emotional
synchrony, collective flow involves the transmission of non-verbal
and verbal emotions and moods. This shared emotional arousal
causes the creation of a common emotional climate” (p. 5). Páez
and Rimé (2014) referred to an earlier study by de Rivera and
Páez (2007), showing a linear relation between emotional
communion and EC, when measured as variables. Specifically,
higher levels of emotional communion are associated with
stronger EC (de Rivera and Páez, 2007).

Bellocchi et al. (2014), drawing on Turner’s (2007) Sociological
Theory of Emotions and on Collins’ (2004) Interaction Ritual
Theory, described EC as a heightened group experience leading to
the development of shared ideas that are representative of the
group’s interactions. They described the processes by which EC
emerges as follows:

Emotional climate is produced during social encounters from
which participants develop solidarity or group belongingness,
through rhythmic coordination of gesture and speech, mutual
focus of attention, production of collective effervescence through
group laughter and emotional attunement, and emotional energy.
As a ritual outcome, collective effervescence is a state of
heightened group experience whereby the group shares the same
emotions (e.g., joy) and ideas. Through this process, shared ideas
become symbols representing the group’s interactions. The
heightened emotional state experienced in forming these shared
ideas flows on to the emotional energy experienced by
individuals. (Bellocchi et al., 2014, p. 1304)

The above description of EC refers to the context of a
classroom setting. When examining the applicability of these
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characteristics to other social contexts, the following questions
may arise:

● Does a state of EC necessitate the presence of complex
feelings such as solidarity and sense of belonging?

● To what extent do the processes described as “rhythmic
coordination of gesture and speech, mutual focus of attention,
production of collective effervescence … and emotional
attunement, and emotional energy” (p. 1304) constitute
essential features in the development of EC?

● To what extent is the outcome state described as “a ritual
outcome…a state of heightened group experience whereby
the group shares the same emotions…and ideas” (p. 1304) a
consistent feature that characterizes the outcome state of EC?

● Does EC necessitate the formation of shared ideas?

To address these questions and refine our understanding and
definition of EC, it is useful to consider other situations in which
shared emotions develop in relation to a shared experience.
Examples include an audience at a concert clapping their hands
rhythmically when applauding the performers, or a group of
physically remote people sharing emotions of grief (e.g., through
online or various media channels) in response to an unexpected
and subjectively perceived negative experience, such as a terrorist
attack, the unexpected election of a disliked candidate, or the
sudden death of a beloved public figure. These examples entail the
emergence of shared emotions that may be regarded as states of
EC, yet neither example presents the full scope of processes and
outcomes described by Bellocchi et al. (2014).

In the example of audience applause, although we can expect
EC to emerge through the shared experience, it is less reasonable
to expect the development of solidarity, a sense of belonging, or
shared ideas. It is not even clear to what extent it is possible to
identify the presence of “mutual focus of attention” (Bellocchi
et al., 2014, p. 1304)—in which people are focusing on each other
mutually (one-to-one)—or, alternatively, diffused attention, in
which attention is not given to any particular individual, but
rather to the group (audience) as a whole (one-to-all).

In the experience of shared public grief, the EC is shared by a
group of people who are having the same experience, yet may be
geographically remote from one another. In this example, some of
the above descriptors of processes leading to the development of
EC (such as “rhythmic coordination of gesture”) are unlikely to
occur. Similarly, though the grieving individuals share the emotion
of grief, they might not necessarily develop shared “ideas”.

Accordingly, shared ideas do not become “symbols represent-
ing the group’s interactions”. Indeed, there are no direct physical
interactions (though media-mediated interactions do occur).

Both examples of the applauding audience and public grief
represent settings in which EC may arise, and in which some of
Bellocchi et al.’s (2014) descriptors are not necessarily present.

Thus, it seems that, compared with Bellochi et al.’s (2014)
highly specific definition, the definitions offered by Barbalet
(1995) and by de Rivera and Páez (2007) are more appropriate as
generally inclusive definitions of EC. Both definitions achieve
inclusivity through their focus on outputs and outcomes, without
making assumptions regarding the processes. Accordingly, these
definitions fit more closely with the assumptions of synchroniza-
tion theory, as will be elaborated in the section on “Studying EC
in the Context of Synchronization”.

Research and measurement of classroom emotional climate.
Numerous studies examining classroom EC have focused on the
connection between EC and the quality of classroom experiences
(Bellocchi et al., 2014; James, 1971; Pekrun and Stephens, 2010;
Trigwell, 2012).

Some studies, working within the framework of Interaction
Ritual Theory (Collins, 2004), have attempted to measure EC
(e.g., Bellocchi et al., 2013; Rinchen et al., 2016). Recall that
according to this theory, EC is, in part, a function of emotional
energy, generated by participation in rituals. Accordingly, studies
grounded in this theory used variables of EC and emotional
energy, which were assumed to take either positive or negative
valences, which could change congruently (Bellocchi et al., 2014;
Bellocchi et al., 2013; Oakley, 2018; Olitsky, 2013; Rinchen et al.,
2016; Tobin et al., 2013). To obtain the valence of EC, researchers
asked participants to rate their perceptions of the class’s EC on a
Likert scale at given time intervals (Bellocchi et al., 2013; Oakley,
2018; Tobin et al, 2013). Ratings of 4 and 5 were considered to
reflect positive valence, and ratings of 1 and 2 were considered to
reflect negative valence (Bellocchi et al., 2013, p. 538; Rinchen
et al., 2016, p. 612; Tobin et al., 2013, p. 76). Participants’
responses were then averaged to determine the overall EC.

This method of obtaining a measure of EC raises a few
methodological questions: First, it does not measure EC directly;
nor does it measure the process by which EC is generated. Rather,
it indirectly assesses each individual’s subjective perceptions of
the EC of the class as a whole. Notably, this measurement
approach is not only indirect but also of questionable validity: It is
not clear how an individual may be capable of rating an abstract
sum of a group’s emotions. Did participants indeed rate the
group’s EC, or was it actually their own individual emotions that
they were rating? No validation test was carried out to examine
whether the measurement actually captured what it was meant to
measure.

To my knowledge, no studies thus far have directly measured
the ways in which individual emotions interact spatially and
temporally over a class period to create EC, as an outcome
effect. It is still an open question as to how an assembly of
different emotions converge into a more-or-less unified form of
classroom emotion. Moreover, no theoretical framework has yet
been proposed that provides a means for measuring the EC
phenomenon itself, rather than measuring mere
perceptions of EC.

Studying emotional climate in the context of synchronization. I
propose that humans’ constructed emotions can be viewed as
oscillators that have the capacity to synchronize with one another,
and that it is therefore possible to study EC as a form of syn-
chronization in an ensemble of oscillators. I further propose that
this perspective can substantially enrich EC research, potentially
producing novel insights with regard to established phenomena.

Applicability of synchronization theory to the study of shared
human emotion. Humans can act as autonomous oscillating
objects that synchronize on the group level, as exhibited in the
examples of the applauding audience and the synchronization of
menstrual periods among women friends (Pikovsky et al., 2001).
In addition, humans contain and regulate internal oscillating
subsystems, as in the case of the synchronization of heart pace-
maker cells (Torre, 1976) or the circadian cycle (Pikovsky et al.,
2001).

Humans, if viewed as oscillating objects in an emotional
context, are autonomous, open and self-regulated systems. When
two individuals are separate from each other, they continue to
generate independent emotions. Humans’ emotions are highly
dependent on environmental signaling. Indeed, this dependence
is inherent to the various definitions of emotions discussed above.
Specifically, the psychological, sociological and biological per-
spectives all acknowledge that emotions are responsive to signals
from both the internal and external environment. Likewise, the
relationship between emotion and the environment is captured in
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Turner’s (2007) proposition that “from a cognitive perspective,
emotions are conscious feelings about self and objects in the
environment” (p. 2). Thus, as typical of biological systems,
humans are non-identical, and they are self-regulating systems.
Emotions are regulated both internally and externally, as
exemplified in the concept of emotional work (Titsworth et al.,
2010).

In order for a synchronization model to apply to human
emotion, the oscillation of emotion must be characterized by
rhythms. Here, too, human systems fulfill that criterion. In
general, all aspects of human physiology exhibit rhythms. The
most apparent rhythms are those of the 24-h cycles of wake and
sleep; times of peak hunger; and levels of cortisol, a stress
hormone, typically exhibiting a steep decline throughout the day
and is regenerated during sleep (Kirschbaum and Hellhammer,
1989, in Stone et al., 2006). The various rhythms exhibited by
humans are governed by external and internal physiological
signals, or environmental cues (Stone et al., 2006).

Human rhythms are not restricted only to physiological
patterns. Various studies have shown the existence of emotional
diurnal cycles (Monk et al., 1985; Wood et al., 1992). Stone et al.
(2006) identified rhythmic cycles consisting of positive and
negative emotions. Positive emotions reached their peaks at noon
and at about 7 p.m.; in the latter case, the higher levels of positive
emotions persisted throughout the evening. Negative emotions
reached their peaks at 10 a.m. and at 4 or 5 p.m.

A more recent study used functional-MRI scanning to show
how networks of brain areas “tick together” in individuals who
are responding to the same emotional event (Nummenmaaa et al.,
2012, p. 9599). The study suggested that observation of “scenes
resembling everyday life—is associated with inter-subject syn-
chronization of brain circuitries related to emotional, attentional,
and mentalizing processes”. These processes were found to
depend on the valence and intensity of the emotions (Nummen-
maaa et al., 2012, p. 9601).

Taken together, the ideas outlined above support the premise
that the theory of synchronization is applicable to the study of
shared emotion, or EC. In the context of classroom emotions, the
confined space and time provide ideal conditions for measuring
the processes by which the emotions of students become
synchronized spatially and temporally, and how these in turn
affect their learning.

Benefits of considering emotional climate as a form of synchroni-
zation. A key benefit of the use of synchronization theory as a
framework for analysis of EC within education settings, is that
this perspective enables EC to be conceptualized as a holistic
phenomenon, not reduced to discrete emotional events. Thus,
using the theory of synchronization as a framework for
researching EC could both refine and increase the explanatory
capacity and the predictive capacity of research in the field. Such
contributions might be achieved through measurement of vari-
ables that are inherent to synchronization theory and that have
not yet been systematically incorporated into research of EC,
including timing, phase and frequency of EC; the ways in which
EC spreads, rises and falls over time periods such as a lesson or a
semester; and the environmental signals and triggers that influ-
ence the development of an EC.

Additional benefits of using a synchronization framework
include the capacity to obtain quantitative measurements of
various EC phenomena that have thus far been described only
qualitatively. For example, Bellocchi et al. (2013) and Bellocchi
et al. (2014) reported that positive EC emerged when the
classroom interaction was dominated by dialogues rather than
monologues. This observation may suggest that EC is influenced
by the quantity of interactions between individuals. This

proposition could be examined, and the nature of the influence
quantified, by formulating a synchronization model describing
EC as a function of the number of interpersonal interactions.

A synchronization framework may also be useful for elucidat-
ing processes of emotional contagion, a phenomenon in which
individual emotions spread among members of a group to
become a collective emotion. The concept of emotional contagion
stems from the work of Durkheim (1912) and is currently used
widely in social psychology (e.g., Collins 2004; Páez and Rimé,
2014), as well as in emotional research in the context of science
education (e.g., Bellocchi et al., 2014). Bellocchi et al., (2014)
explained that “emotional contagion serves to explain how the
emotions experienced by individuals can lead to the development
of a collective climate and emotional attunement” (p. 1305). Thus
far, studies evaluating EC—using participants’ self-reported
perceptions of the EC in their environment—have measured
what may be regarded as the perceived “attunement” aspect of EC
(Bellocchi et al., 2013; Rinchen et al., 2016; Tobin et al., 2013).
However, to my knowledge, no measurements have been
developed to capture the “contagion” aspect of EC.

The theory of synchronization may offer means of measuring
both emotional contagion (the process by which individual
emotions interact) and attunement (the EC outcome state), by
measuring the temporal and spatial processes of frequency
adjustments related to emotions. Thus, instead of measuring the
perceived valence of EC, it becomes possible to characterize
attunement on the basis of its rhythm, frequency entrainment,
and phase locking. Notably, synchronization measurements can
only take absolute values, i.e., there is no negative
synchronization.

Application of a synchronization framework to the study of EC
may also enable researchers to observe analogies between EC and
other synchronization phenomena. For example, it is possible that
some of the global coupling processes suggested to be at work in
the synchronization of applauding audiences (Pikovsky et al.,
2001) also take place during the development of EC among
interacting individuals in the classroom. The group of students
and the teacher could be viewed as an ensemble of non-identical
oscillators (p. 126), each with its own emotional frequency. As the
classroom interactions increase, more and more oscillators tend
to be “like their neighbors”. The emotional frequencies may
become distributed over some range; this distribution has a
maximum around the most probable frequency, which could be a
positive emotion. This process develops, and eventually almost all
the individuals join the majority and oscillate in synchrony,
giving rise to EC (Pikovsky et al., 2001, p. 128). Synchronization
theory provides means for measuring this spatial and temporal

Fig. 1 Interactional processes leading to the development of emotional
climate: a representation of the processes contributing to EC development
that takes into account a synchronization framework. In this context, an
emotional climate state arises as an outcome of individuals’ adjusted
responses to a common set of environmental signals in a shared timeframe.
The signals may consist of inputs by other individuals, a one-off event, a
process, or a social structure
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spread of emotions, for example, by applying the mean field
theory (Strogatz, 1997).

In sum, the use of synchronization theory as a framework for
studying EC seems both appropriate and potentially highly
beneficial for the advancement of our understanding of the
development of shared emotions. Yet, to be able to adopt this
theoretical perspective, we must first revise existing definitions of
EC, and particularly the definition proposed by Bellocchi et al.
(2014), which is commonly adopted in studies of EC.

A new definition of emotional climate. Considering EC in the
context of synchronization gives rise to the following redefinition:
Emotional climate is the adjustment of emotional responses among
individuals as an outcome of their interactions with a set of
environmental signals over a shared period of time.

Figure 1 provides a visual representation of the processes
contributing to EC, according to this definition.

The definition captures the following attributes characterizing
both EC and synchronization:

● An EC state arises as an outcome of individuals’ adjusted
responses to a set of environmental signals. The signals may
consist of inputs by other individuals, a oneoff event, a
process, or a social structure.

● For EC to occur, two conditions must be met: (a) The
adjustment between the emotional responses of the various
implicated individuals must occur at a shared time; and (b)
this emotional adjustment must occur in response to the same
set of environmental signals. These stipulations imply that if a
group of individuals share emotions developed in response to
environmental signals occurring at different times, or
different environmental signals occurring at the same time,
this sharing cannot be regarded as an EC state.

● An EC state does not necessitate physical face-to-face contact.
As long as individuals adjust their responses to the same
environmental signals in the same timeframe, the state may
be regarded as EC.

● The adjusted emotional responses in an EC state do not
necessitate equal emotions or equal frequency of adjustment
across the individuals in the system. They do need to
demonstrate a consistent relationship over the timeframe of
the EC state.

● The process in which individuals adjust their emotional
responses must occur at an earlier time point than the
emergence of the state of EC, which flows from it.

● EC is confined in time and space (virtual or physical), as
defined by the specific environmental signals that give rise to
this state. As soon as these signals are removed, the EC state
ceases to exist.

The proposed definition captures essential features of synchro-
nization. Accordingly, it opens opportunities for a range of
educational research, aiming to gain deeper understanding
regarding the relationship between EC and learning. Under the
framework of this definition various research pathways may be
imagined. These may include, the examination of various
environmental signals in relation to learning. We can ask for
example: What types of synchronization patterns are formed in
outdoor leaning (e.g., excursions, field-trips), as compared to
indoor learning, and how these types of synchronization affect
learning and retention? Other studies may look at various
environmental signals within the classroom itself in relation to
their timing and administration. Overall, this definition captures
both aspects of classroom EC: the contagion (the input stages)
and the attunement (the output stages), and allows their study
within the framework of synchronization.

Conclusions
Synchronization theory has the potential to advance our under-
standing of the ways in which students’ emotions interact within
classes, and the impact of these interactions on the learning
experience. Ultimately, the usefulness of synchronization theory
in EC research will be determined by its capacity to provide
deeper understanding regarding the bi-directional relationships
between classroom EC as a synchronous behavior and students’
individual learning processes.

The positioning of EC as a measurable synchronization output
gives rise to several interesting research questions. For example:
What are the impacts of various frequencies and phases measured
in EC on learning retention? How do various environmental
signals in the form of learning activities impact the frequency-
rhythms expressed in the EC state? How does the timing of
appearance of EC within the learning sequence impact learning
and retention (e.g., would it be more effective to elicit a specific
EC at the beginning, the middle or the end of a studied unit)?
What types of emotions are likely to contribute to the develop-
ment of ECs of particular characteristics?

Synchronization theory may also facilitate the development of
explanations, from an EC perspective, regarding the role of
emotions in teaching and learning. In regard to science classes
specifically, several studies have highlighted some of the knowl-
edge gaps in understanding the role of emotions in science
education. These gaps include: (a) the science activities that evoke
specific emotions, and the impact of these emotions on students’
memory of the experience (King et al., 2015, p. 1887); (b) the
relations between emotions and the gender gap in the sciences
(Alsop, 2005); and (c) the link between discrete achievement
emotions and academic performance (Pekrun et al., 2009).

Additional unknowns relate to the education of preservice
teachers in science, and include the following: (a) What is the
role of emotions in becoming and being science teachers
(Bellocchi et al., 2014, p. 1306) (b) How do the emotions
experienced by preservice teachers relate to their under-
standing of scientific concepts and science teaching (Alsop,
2005, p.126) (c) What is the relationship between emotions,
emotional climate and the quality of science teacher education
in university classes (Bellocchi et al., 2014, p. 1301) While
much of the research conducted in recent years has focused on
the science classroom, most of these questions are applicable to
education at large.

Most importantly, the theory of synchronization may open
new possibilities for viewing and studying the classroom EC as a
“living organ” with its own internal dynamics, rather than as an
assembly of discrete individuals involved in the learning
experience.
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