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Abstract

energy from Confucian cultural perspectives.

Confucian heritage context.

Background: Understanding cultural diversity in STEM education is important for inclusivity and teaching STEM
literacy for all. We explore diversity at a micro-cultural classroom level involving students” emotional experiences
and interactional practices as they engage with learning, which has received limited attention in naturalistic studies
of STEM education, especially in East Asian cultures. In this study, we explore emotional experiences of students
during a guided inquiry lesson in a Chinese primary school using an interpretive methodology informed by
concepts of emotional energy, uniformity, and harmony. Emotional energy is an individual and collective
experience of togetherness and solidarity emerging from successful social interaction. Uniformity and harmony are
emotion-related concepts experienced in Confucian heritage cultures. The aims of this study are to explore Chinese
students’ emotional experiences during a STEM inquiry lesson and to refine the conceptualization of emotional

Results: In a STEM inquiry, context knowledge about micro-cultural diversity and the interplay between Chinese
emotional experiences and engagement with ideas are explored. Notions of uniformity and harmony are described
through cultural practices as they relate to emotional energy. The study contributes to understanding the diversity
of emotional energy as a student experience and social form of engagement, during a STEM inquiry activity in a

Conclusions: This study contributes to understandings of student experiences of uniformity, harmony, and
variations to intensity of emotional energy during learning via STEM inquiry. Modifications to the conceptualization
of emotional energy in STEM education are indicated. Our findings inform an understanding of student emotive
experiences of STEM education in East Asian and multi-cultural education systems internationally.
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Introduction

Studies of emotion in STEM education as a focus for
understanding teaching, learning, and engagement are
limited in number and scope, with much of the research
across the STEM disciplines focusing on cognitive per-
spectives (cf. Fortus, 2014; Ritchie, 2018). Within STEM
education, emotions research is typically classified under
cultural, social, and gender issues, representing less than

* Correspondence: jp.davis@qut.edu.au
'Queensland University of Technology, Brisbane, Queensland 4059, Australia
Full list of author information is available at the end of the article

@ Springer Open

10% of papers recently reviewed in 36 journals (Li,
Wang, Xiao, and Froyd, 2020), and less than 7% in the
present publication (Li, Froyd, and Wang, 2019). STEM
education papers addressing cultural, social, and gender
issues tend to adopt structuralist or factorial perspectives
such as cultural factors influencing STEM career choices
(Williams and Shipley, 2018), or the interplay between
communities of practice and STEM knowledge boundar-
ies (Leung, 2020). Specific studies of emotional experi-
ences within cultural, social, and gender issues are very
much under-represented in STEM education research.
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More recent growth in studies of emotion in STEM
education has typically focused on psychological per-
spectives of emotional constructs and experiences. This
recent growth is dominated by methods involving quali-
tative self-report (Rowland, Dounas-Frazer, Rios, Lewan-
dowski, and Corwin, 2019), interviews (Pelch, 2018), and
quantitative surveys (Lehtamo, Juuti, Inkinen, and Lavo-
nen, 2018). Such approaches contribute to understand-
ing emotive and cognitive constructs, relationships
between constructs, and emotive experiences that are
self-evident to participants. One limitation to these
forms of emotions research is their inability to capture
data as experiences unfold through in-the-moment so-
cial interaction. A further limitation involves emotive ex-
periences that are taken-for-granted or unseen by people
in the experience. Such taken-for-granted emotive expe-
riences are often embedded in cultural contexts such as
the culture of doing a STEM inquiry or the culture of a
Chinese STEM classroom in the present study.

A prominent example of the culturally embedded,
taken-for-granted quality of emotion in STEM education
is a recent study of the emotional experiences involved
in the production of objectivity in a school science
inquiry (Davis and Bellocchi, 2018). That study explored
the interplay between emotive experiences and practices
associated with the formation of scientific objectivity.
Such perspectives are important in STEM education be-
cause they contribute novel understandings about the
nature of science or the nature of STEM (cf. Lederman
and Lederman, 2014). The perspectives produced
through that study would not have been possible from a
psychological stance on emotional experience. Much of
the experiences being investigated were taken-for-
granted by, or invisible to, participants because of the
mundane quality of everyday experiences (Liberman,
2013). Despite this taken-for-granted quality, evidence
about how experiences unfold are visible through fine-
grained analysis of classroom interactions.

A further example of culturally embedded emotions
influencing STEM education is evident in a study of so-
cial constructivist teaching in a Confucian heritage cul-
ture in Vietnam (H&ng, Meijer, Bulte, and Pilot, 2015).
Confucian heritage cultures are historically linked with
China. In educational settings, they are often characterized
by passive learning, a tendency to seek out uniformity in
student and teacher behaviors, and a focus on teacher-
centered learning. Such characterizations are controversial,
and this is evident in the study by Hang et al. (2015), who
identify the Confucian emotion of harmony as associated
with the avoidance of argumentation. On this basis, those
authors suggest that Confucian harmony and styles of
teaching are inconsistent with social constructivist learning
in school science, where argumentation is encouraged.
Hing et al. (2015) explored teaching practices and
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analyzed these in relation to a conceptualization of har-
mony, but the focus of their study was not on students’
emotive experiences. Through our present study, we seek
to extend thinking about harmony in STEM education by
adopting an interpretive research design to explore taken-
for-granted emotive experiences in a contemporary Shang-
hai STEM classroom. In this way, we seek to improve un-
derstandings of culturally embedded emotional experiences
that may influence the teaching and learning of STEM
education in classroom contexts.

To explore taken-for-granted emotive experiences, we
focus on micro-social and micro-cultural practices of
teaching and learning during a student-centered STEM
inquiry project. By micro-social, we are referring to the
moment-to-moment social interactions comprising of
individual and collective gestures, facial actions, verbal
utterances, conversation, and silences (Ritchie and To-
bin, 2018). It is through such interactions that people
make sense of the localized social reality in which they
are located by co-producing cultural symbols and social
structures such as shared ideas in STEM (Roth, Lee, and
Hwang, 2008). These forms of localized interaction pro-
duce the micro-cultures of particular STEM classrooms.
Our research questions are the following:

1. How could Chinese students’ learning and emotive
experiences of a student-centered STEM project be
understood through micro-social and micro-
cultural perspectives?

2. How could elements of Confucian heritage cultures
be synthesized into our conceptualizations of
learning and emotive experiences during student-
centered STEM projects?

Literature and conceptual framing

In this section, we review the literature to contextualize
key concepts relevant to student experiences in this
study, such as harmony, uniformity, diversity, and emo-
tional energy (EE) in STEM education. The micro-social
level of analysis we adopt in this study is important to
STEM education because this is where students learn
and experience STEM knowledge, skills, and ways of
thinking. We adopt a sociological and phenomenological
perspective (Liberman, 2007, 2013) of STEM learning
wherein ideas are performed as social structure within
meaning making interactions, and these same perfor-
mances are experienced emotionally by students.
Through the visible performance of shared ideas, actions
are regarded as thought itself, which is distinctively dif-
ferent to the representational thinking of psychology
where thought is regarded as invisible (Roth, 2008a).
These performances and experiences appear in many
different ways, and for this reason, we view the appear-
ance of micro-social practices within micro-cultural
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contexts as being highly diverse (Liberman, 2007). Diver-
sity in this study does not appear at the level of cultural
labels such as gender or ethnicity (cf. Rainey, Dancy,
Mickelson, Stearns, and Moller, 2019), but through the
particular micro-performances and experiences of stu-
dents as, and through, everyday classroom interaction
(cf. Roth, 2008b). This means that students who perform
a science concept such as circulation, through particular
utterances and gestures, may perform it differently on
different occasions of social interaction, while producing
a similar meaning. In fact, such student performances
should change over time as a consequence of learning.

Within the micro-cultural context of the STEM class-
room at the focus of our study are interwoven patterns
of thought that are enduring across long periods of his-
tory. These patterns of thought have existed prior to the
participants in our study and will live on within society
in various forms. We are referring to ways of thinking
that enable us to identify a form of Confucian heritage
culture within this classroom. Of particular interest in
our study was how Confucian notions of harmony and
uniformity are at play within the micro-culture of this
particular STEM classroom.

Harmony, uniformity, and everyday culture

Our conceptualization of harmony draws from Confu-
cian perspectives originating in a classical text known as
the Chung Yung or Doctrine of the Mean (Fung, 1976).
Harmony is regarded as an emotive experience and may
be conceptually described with three key ideas expressed
in ancient Chinese language: Chung as a process of pro-
portionality, 7o as harmony achieved through Chung,
and a separate idea of tumg, which means uniformity.
The distinction between ho and t'ung is important for the
present study because the notion of t'ung as uniformity or
conformance in Chinese culture is inconsistent with diver-
sity in the expression of shared ideas. In contrast, the no-
tion of ho or harmony is the achievement of bringing
differences and diversity together, as a unity through the
shared production of ideas and things that are new. T'ung
is like mixing water with water to produce more water. In
contrast, ho is like cooking with “water, vinegar, pickles,
salt and plums” to produce a new taste that is collectively
different from the original, individual ingredients (Fung,
1976, p. 174). The process of achieving harmony defines
how all actions and all things must be brought together in
a proportionality that is just right in order for harmony to
be achieved (Fung, 1976).

This concept of harmony through the proportional
confluence of diverse ideas is commonly evident in
everyday Confucian heritage cultures. For example, in
contemporary popular Chinese media, the notion of har-
mony is often described as the middle way, and is com-
monly referred to in business management contexts as
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the basis for negotiation (cf. Chenxi, 2018). In the con-
text of a student-centered STEM classroom, harmony
may be observed by students performing different ideas
through gestures and conversation to achieve a new and
collective understanding about a shared STEM
phenomenon. In contrast, uniformity could involve one
student, or the teacher, putting an idea forward to a
group, and everybody in the group accepting the idea
without any discussion or debate. Based on this reason-
ing, in our study, we regard Confucian harmony and
uniformity to be two mutually exclusive concepts, con-
sistent with the interpretation by Fung (1976).

Our conceptual stance about harmony and uniformity
in the present study contributes to STEM education by
challenging previous studies where different interpreta-
tions of these concepts were portrayed. For example,
Huang and Asghar (2018) explore Chinese teacher per-
spectives in Taiwan, concerning student-centered peda-
gogies and the interplay with Confucian values and
practices. Their study highlighted government-level edu-
cational policies in Taiwan where the Confucian notion
of harmony is interpreted as fostering social conformity
and uniformity in pedagogical practice and teacher-
student relationships. Some teachers in that study ex-
press views about notions of Confucian philosophy being
used to promote conformity which they conflate with
social harmony. Huang and Asghar (2018) suggest that
Confucian notions of harmony are in conflict with
student-centered pedagogies in science education, where
creativity and diversity in ideas are important. The con-
flation of harmony and uniformity by Huang and Asghar
(2018) was driven by everyday teachers’ perspectives,
which we acknowledge as an example of the plurality of
cultural interpretations and transformation.

Other recent studies conducted in Vietnam also inter-
pret the notion of harmony in Confucian philosophy as
requiring the achievement of social order through uni-
formity (Hang et al. 2015; Thao-do and Yuenyong, 2017).
Uniformity is attributed to student obedience and passivity
in Confucian heritage science classrooms by Thao-do and
Yuenyong (2017). Hang et al. (2015) also contribute to the
conflation of harmony and uniformity by conceptualizing
harmony as a cultural preference for stability, which they
suggest leads to the avoidance of argumentation and con-
frontation. In their study, they cite a teaching practice we
may associate with an initiate-response-evaluate (IRE)
style of questioning, which they identify as the achieve-
ment of Confucian harmony through conformance with
teacher-directed knowledge and teacher-centered practices.
Such interpretations of Confucian philosophy, and the no-
tion of harmony in particular, lead to conclusions about
Confucian heritage cultures as being inconsistent with
constructivist learning in science and STEM education
(Hang et al. 2015).
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In the present study, we adopt a contrarian stance
when defining harmony and uniformity compared with
these earlier studies. We appreciate that reconciling in-
terpretations from historically situated Confucian phil-
osophies and everyday experiences of STEM pedagogy is
a complicated endeavor. This complexity arises through
the character of everyday cultural interpretations, the
plurality or diversity of enacted cultures (cf. Roth,
2008b), and the transformation of systems of thought
over time. Such complexities lead to calls for more nu-
anced interpretations of Confucian or other cultural per-
spectives in contemporary educational contexts (Ho,
2018), and in our present study, we explore some of
these nuances.

Emotive experiences and emotional energy
In exploring the nuances of harmony and uniformity, it
is important to recognize these notions not just as con-
cepts but as lived phenomena within emotive experi-
ences of everyday micro-cultures. In fact, from a
Confucian philosophical stance, harmony is described as
a form of emotional experience (Fung, 1976). How har-
mony may appear in a classroom at the level of student
experiences has not been described in STEM education,
and we seek to address this throughout the present
study. To guide our study of emotive experiences, we
adopt in our conceptual framing a novel sociological
concept of emotional energy (EE), developed previously
in science education contexts (cf. Ritchie and Tobin,
2018). We will apply this sociological approach to ex-
plore harmony and uniformity alongside EE.
Conceptually, EE originates in micro-sociology and is
described as a sense of solidarity and togetherness
achieved through successful social interaction (Collins,
2004). During everyday social interaction, EE may be evi-
dent through collective actions involving the formation
of shared ideas, the performance of mutually aligned
bodily movements, and the fluency of interaction (Col-
lins, 2004). For example, Olitsky (2007) describes an
interaction between a teacher and an elementary school
student evidencing synchrony in utterances and sounds,
and self-coordinating hand actions between the two, as
they manipulated a small machine at the focus of an ex-
ploratory inquiry. While formal conversation was lim-
ited, the back and forth hand actions of teacher and
student illustrated strong mutual focus on the shared
object and on each other’s actions that made coordin-
ation possible. That situation is an example of intense
experiences of EE. In another study by Roth, Ritchie,
Hudson, and Mergard (2011), an event of spontaneous
laughter in a science class was analyzed. While laughter
is not an emotion, the actions of mutual alignment
around shared ideas and the reflexivity of mutual obser-
vations between people in-the-moments before and
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during laughter provide evidence of intense EE as a so-
cial phenomenon. It is the intensity of these moments of
intersubjective experience and shared attentiveness that
make spontaneous laughter a possibility in classroom
interactions.

Studies of EE in science education tend to focus on ex-
periences that are described as dramatic, positive, and/or
intense. Tobin’s (2006) study of a high school chemistry
class illustrates dramatic, positive EE, evidenced by high
levels of synchrony and mutual entrainment between
students, rising pitch in vocalizations, loud, expressive,
and rhythmic bodily gestures. Dramatic EE is also de-
scribed during interactions characterized as situations of
conflict that resolve into synchrony and mutual focus as
the intensity of EE increases (Roth and Tobin, 2010).
Importantly, learning experiences in STEM classrooms
involving dramatic EE are often memorable to the stu-
dents in the experience and can be studied using self-
report data. This is not the case for learning experiences
in STEM that are undramatic in character, because stu-
dents are typically unaware of the experience and unable
to make a self-report.

Undramatic EE typically involves taken-for-granted ex-
periences that students do not notice themselves (Davis
and Bellocchi, 2020, 2019). In a student-centered STEM
inquiry, undramatic EE may arise as moments of quiet-
ness, such as mutual entrainment by students when
making observations and recording data. It may also in-
volve self-coordinating changes in student actions, such
as the way in which they stop touching an observed ob-
ject and start to make observations while physically dis-
tancing themselves from their observed object. Such
unplanned, self-coordinated restraint evidences mutual
alignment both physically and in terms of the idea of
self-restraint without the need for any overt conversation
to act in this way (cf. Davis and Bellocchi, 2018).

Combining harmony, uniformity, and emotional energy
The above literature provides an overview of two fields
of research in STEM education focusing on Confucian
heritage cultures and emotive experiences, as ways of
understanding student learning in STEM classrooms.
Through this study, we seek to understand the various
concepts outlined above, and how they may be inter-
preted during teacher-centered and student-centered
learning. We seek to explore further the integration of
these ideas both conceptually, and as they are performed
and experienced as empirically observable social phe-
nomena during a STEM inquiry project.

Methodology

We adopt an interpretive phenomenological orientation
where we perform close observation of students in the
naturalistic environment of their everyday STEM class



Davis et al. International Journal of STEM Education (2020) 7:44

(Van Manen, 1997). Phenomenological studies in STEM
education are adopted for the purposes of exploring ex-
periences of teaching and learning (Dare, Ellis, and
Roehrig, 2018). Such approaches enable the exploration
of particular occasions of teaching and learning that may
inform the historical and contextual features of STEM
classrooms (Coles, 2019). For example, in the present
study, we are interested in how students experience
learning and emotion during a student-centered STEM
inquiry lesson, which is a novel way of teaching STEM
in Chinese classrooms. As noted in the literature review
some aspects of emotive experiences go unnoticed by
people in the experience, and our observational and in-
terpretive methodology addresses this issue (cf. Davis,
2017; Liberman, 2007, 2013).

Methods of data production

Study context and data collection

This study was conducted in a voluntary, private, pri-
mary school in Shanghai, China, where a new pro-
gram involving guided inquiry and integrated STEM
was being introduced across the school. Most stu-
dents were from local Shanghai families and spoke
some English and Shanghai dialect, as well as Chinese
(Mandarin) in which schooling is delivered nationally.
The broader study involved 5 classes and 120 stu-
dents where we video recorded classroom activities
during 5 lessons as part of the schools’ new STEM
program. The program was aimed at teaching inte-
grated STEM with 8-10-year-old children as part of
the formal curriculum.

Student-centered STEM inquiry lesson

This is a non-interventionist study where we aimed to
explore a student-centered STEM inquiry lesson in a
naturalistic setting. We requested to access inquiry les-
sons as part of the school's STEM program, but the
topic and lesson design was decided by the teacher. Our
focus in this paper was on a 50-min lesson with a single
class, and a particular group within that class, where stu-
dents were evaluating the properties of different fabric
materials as a guided inquiry activity. Properties being
explored by students involved the flammability and
water resistance of the fabrics that were qualitatively
evaluated by students. The students used a teacher-
generated worksheet to record their results and conclu-
sions. Students in this study are referred to using the
pseudonyms Wang, Sun, Liu, Qiao, Guo, and Chen, and
their teacher as Xiao.

Research ethics

As an international collaboration between Queensland
University of Technology (QUT) and Shanghai Normal
University (SHNU), this study received ethical approval
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and supervision from the QUT Human Research Ethics
Committee and administrative approval from SHNU. In-
formed consent to conduct the study, and publish im-
ages, was obtained in writing, in Chinese (Simplified),
from the school principal, teachers, students, and a par-
ent or guardian for each student.

Data selection and transcription

The data in this study focuses on five students completing
an inquiry activity. This group was selected initially on a
convenience basis given the location of cameras in the
classroom. Data were initially selected by authors 1 to 5
individually reviewing the video data, and then sharing
moments in the video that may be salient in understand-
ing concepts and phenomena in this study.

Selected episodes were transcribed using techniques
adopted in studies of social interaction to provide a fine-
grained description of the video data (cf. Bellocchi, 2019).
Spoken utterances were transcribed in Chinese simplified
characters and in pinyin. Pinyin is the official Anglo-
phonic version of Chinese writing, developed for non-
Chinese speakers to understand the sounds of the spoken
language. An English translation was also developed, but
the analysis was performed in relation to Chinese utter-
ances to ensure particular idioms of everyday language
were retained (cf. Roth, 2008b). In alignment with the
conversation, bodily actions were also transcribed. These
data are presented in the findings as episodes and frag-
ments of interaction with the turn number in the far left
column, the speakers’ name, and in some cases a letter,
such as “A” in the example below to denote a particular
topic of interaction. Conversation is presented in Chinese
(simplified), English in italics, and pinyin, followed by rele-
vant bodily actions in double brackets.

Episode example

2 A Xiao [¥NE: A

téngxuémen

ws upper body toward class))

Measuring emotional energy

The intensity of EE is modeled by Davis and
Bellocchi (2019), which builds on the work of Collins
(2004) and emotions research in science education. In
that model, intensity is evaluated by studying micro-
interactional data as described in the conceptual
framing. These data are evaluated in terms of their
contribution to the degree of (1) collectivity across
bodily gestures and conversation, (2) the generation
of shared ideas, and (3) the fluency and cohesion of
the interaction. The model is descriptive and enables
researchers to describe data across these three dimen-
sions, while making an interpretive, ordinal judgment
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about observed EE as being low, mid, or high inten-
sity (cf. Behnagh, 2020).

Data quality evaluation criteria

Our criteria for evaluating data quality in this study
is informed by a framework of trustworthiness and
authenticity (Lincoln and Guba, 2016) where we con-
sider notions of credibility, theoretical generalizability
(Eisenhart, 2009), dependability, confirmability, and
authenticity. Credibility of data transcription and in-
terpretive analysis was achieved through collective
reading and discussion about methodologies and
methods to establish inter-subjectivity across the
team. Team members were also involved in collection
of field data, thereby gaining an understanding of the
class micro-culture. Tests of progressive subjectivity
were achieved by individual transcription and data
analysis followed by group analysis. Dependability or
traceability was also achieved by shared readings of
the methodology and methods of this study over a 6-
month period, followed by intense study sessions
prior to field work and during data analysis phases.
This clarity around methodologies, conceptual frame-
works, and transcription methods ensure traceability
of our collective thinking.

We adopt the notion of theoretical generalizability
(Eisenhart, 2009), which may be illustrated in the
ways we interpret concrete performances of social
interaction. This approach may be described in terms
of a dialectic relationship (Roth, 2009) between con-
crete utterances and gestures, and formal categories
as abstract ideas. For example, a person’s bodily ac-
tion of pouring-water-from-a-beaker is a concrete ac-
tion in which the performance is regarded from our
methodological perspective as thought-in-action. The
written phrase pouring-water-from-a-beaker is an ab-
straction of the concept arising from the concrete
bodily performance. This notion of a concrete | ab-
stract dialectical relationship, denoted by the symbol
“|”, is applied throughout science education research
(cf. Davis and Bellocchi, 2018; Roth, 2008b, 2009),
and it is this notion that shapes our approach to
forming generalizations.

Findings

In the forthcoming findings, we present and analyze
four episodes of data with thematic sub-headings in-
troduced here in italics. Uniformity and teacher-
centered ideas addresses episode 1 by exploring how
uniformity may be performed in a STEM lesson. Pro-
portionality, diversity, and emotional energy explores
episode 2 through interactions where diverse ideas are
evident with low EE, moving toward harmony. Har-
mony, emotion, and intensity explore episode 3 where
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student’s actions begin to align within the group, as
harmony and more intense levels of EE are achieved.
Finally, harmony and student-centered ideas explore
episode 4 where ideas shared between students are
formalized through collective writing on the group
worksheet.

Uniformity and teacher-centered ideas

Episode 1 illustrates the start of the lesson with the
teacher calling the class to attention as shown in turn
1, episode 1 where Xiao, the teacher, stands at the
front of the class and utters “#L37 qili,” meaning
stand to attention.

Episode 1: Uniformity and teacher-centered ideas

d to attention facing each other))

ws upper body toward class))

3 All
teacher, backs upri jht aln folded acr: S
4 ¥ao pig o zmn B0 &£ X F 24 AR 2 (0.2) i?“"‘ "FE Class we
i (0.2)
ght hand, Wang/Sun/Liu sitting
5 Xia

a0 {‘JT SK 192 You ﬂ,-al\

ry

stands to answer, then sits))
ry

Téoci ((mimicry of Chen’s response))

In response to Xiao in turn 1, the students rise from
their seats and stand to attention, followed by teacher
Xiao bowing her head and upper body while uttering,
“IF2=A1 1% tongxuémen hdo hello students” at turn 2.
The class responds by mirroring the bowing motion to-
ward Xiao, concurrent with a loud chorus as students
utter, “Z il %f 130 shi hao hello teacher.” Students then
sit quietly, facing the teacher, with their backs upright,
forearms folded laterally across their bodies, and resting
on the table.

These actions across turns 1 to 3 are part of a routine
or ritual that we observed in all classes across the school.
The ritual establishes a high level of EE to commence
the lesson, where students and teacher rhythmically per-
form an act of respect toward each other. It is an act
that achieves teacher-centeredness, sets aside diversity,
and establishes a moment of uniformity in actions, mu-
tual entrainment, and the idea of mutual respect. These
actions have implications for the subsequent student-
centered STEM inquiry that we discuss later.

At turn 4, Xiao announces that they will be looking
at different types of materials during the lesson and
completes the turn by referring to an image on the
classroom screen with the question “iX4% ZJ4 zhe
xié dongxi what is this?” Sun immediately raises his
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right forearm to a vertical position, with elbow resting
on his left hand close to his body. At turn 5, Xiao
points to another student, Chen, who has also raised
his hand in the same manner as Sun, and Xiao utters
“f% >k Ut ni 14i shué you speak.” Following this utter-
ance, Sun returns his right forearm to the lateral pos-
ition, Chen stands to attention, makes his utterance
of “Mj % tdoci pottery,” then sits down immediately
into his upright position.

Across turns 4 to 7, we observe a routine of teacher-
centered activity where the teacher presents images of dif-
ferent technological objects and materials. This routine
continues for several turns in the video. It is clear from
these data that the teacher is introducing ideas in the form
of images and asking students to confirm what concepts
these images represent. Chen achieves this by raising his
hand, and when invited to speak by the teacher, he stands,
answers, and sits (turn 6). Chen’s performance of pottery
as an idea is acknowledged as correct by the teacher’s
mimicry of the utterance “Tédoci” (pottery) in turn 7. It is
clear that Chen and Xiao achieve uniformity in their ideas
because an image of pottery is presented by Xiao and is
met with an utterance of pottery from Chen. What is less
clear are the other ideas being silently recalled by students
who did not speak. These students include Sun who also
raised his hand, suggesting he had an idea, as well as other
students such as Wang and Liu who sat still and silently
in an upright, forward facing position.

As this routine continued in the video, after several
questions, the teacher invites the class to answer in
chorus. As the teacher presents each image, the class re-
sponds simultaneously in a melodic chorus. From the
perspective of EE, this may be evaluated as mid-level in-
tensity, evident by synchrony of utterances, ongoing
bodily alignment toward the teacher, and upright ritual-
istic sitting. It may be argued that this was a further ex-
ample of uniformity; however, this was different to the
uniformity displayed earlier between Chen and teacher
Xiao. In this later situation, there was clearly shared
chanting, but how these chants equate to shared ideas is
unclear. It may be possible in this choral performance
for students to simply chant while thinking about some-
thing else.

Proportionality, diversity, and emotional energy

In episode 2, the actions and utterances of Sun,
Wang, Liu, Qiao, and Guo provide evidence of several
topics or ideas generated by different group members
and noted as A, B, C, and D in the transcript. Epi-
sode 2, fragment 1, commences with Sun holding a
pair of tweezers and uttering, “¥& WG T TN iZ%
FEAEIX WO jué de nié zi bu ying gai nié zai zheé er I
don't think the tweezers should be pinched at the
bottom.”
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Episode 2, Fragment 1: Diverse actions and diverse ideas

group watch, except Guo who p

eaker))

2 B Wang

-&- ((Liu/Qiao watch Sun as he grasps the blue cloth with
, Wang picks up a magnifying gl pipettes
a beaker))

water fr

EEEYM E R B XK fh: W

If you think about

4 B Wang

) ((Liu glances at Sun, points at blue cloth and
s loudly))
EAREF D BT RT()

h:: was dropped

sun then to his own finger

rom group, Wang raiseds hand
s at the beaker, Guo keeps
e))

. looking toward Xiao
focus on the beaker and

Sun’s utterance at turn 1 concerns his inquiry method
for how to hold the tweezers, which we have identified
as topic A in episode 1, as shown by the notation beside
turns 1 and 3. Concurrent with Sun’s utterance, we ob-
serve in the video Liu, Qiao, and Wang glancing at the
tweezers as Sun moves his hand in front of them. We
also observe Guo playing with some water in a beaker,
which we identify as topic D in episode 2 (turns 1 and
5). During this interaction, there is a moment of dis-
agreement between Sun and Liu (turn 1), evident when
Sun holds the tweezers close to Liu and rolls his eyes to-
ward him, as shown in Fig. 1.

At turn 2, Wang utters “XT-W- dui-a- yeah,” as his at-
tention turns away from the tweezers and toward a mag-
nifying glass which he picks up from the table. Based on
the actions that follow, Wang’s response of “yeah,” sug-
gests the utterance was made to allow Sun to continue,
but also to allow Wang to find his own focus on the
magnifying glass, which we identify as topic B. Finally,
Liu re-commences talking about topic C at turn 5 with,
IR IX A FE KRN R LT ()B4 Ra gud
(.) Zhe ge:zai huo li bu xido xin diao xia qu le (.) zén me
ban If this cloth was dropped in the fire, what we should
do.” At the same time, Guo is still playing with the water
and beaker (i.e., topic D).

Through the transcript data, it is evident that the
interaction within this group is not about a single idea.
There are multiple ideas evident through the discontinuity
between interactional turns, and even within turns
such as turns 1 and 5, where Guo is simply doing his
own exploration with some water at the side of the
group. This is a situation involving diverse ideas, as
each student performs an idea which is not immediately
accepted or acted upon by others in the group. These data
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Panel A

Fig. 1 a Sun (left) rolls his eyes at Liu (right). b Sun points tweezers at Liu

Panel B

also evidence mid- to low-intensity EE because there is
limited synchrony between actions or agreement on ideas,
as evident in Fig. 1 (turn 1) as Sun rolls his eyes during
a disagreement with Liu. These aspects of the interaction
limit its fluency as each student shifts from one idea
to the next.

As the interaction unfolds beyond fragment 1, the di-
versity of ideas continues and is further evident with the
physical dispersion of the group. In episode 2, fragment
2, Wang and Qiao turn toward teacher Xiao and raise
their hands. At this moment, Wang loudly exclaims
“teacher we want fire.”

Episode 2, Fragment 2: Dispersion and diverse ideas

6 B Wand gyT(.) ] B K> Teacher we want fire
L3o shi(.) wdmen yao hud? ((Wang’s turns toward Xiao and raises
his right hand. Qiao faces toward Xiao, raising his left hand.
Guo plays with the water))

7 ¢ Liu gl ¥ & —4 A & We have another way
women hai ydu yigé fang fi ((Liu glances at Sun))
£ £ EN Yes this
shi bd zhé ge ((Liu points to cup and Sun glances at cup))
#T F: turn on
D3 kai
MR X If this
RG gud zhé ge ((Liu pointed at the tray and looked at sun. Sun
glanced at the tray. Wang turned to look for xiao))
—F A, B FE OME N3 L XXE RXKE No be careful,
if we drop the cloth we must extinguish it.
Yi blu xido xin, nié zi dido de hua , wd men md shang jiao mie
ta jiao mie ta

& F Sun mam F ORR, (0.2s) What are you doing now ((Liu looks at Sun))
Xi&n zai gan ma ne, (0.2s)
B W R B B WA KR will test two pieces of each twice
méi zhdng lising kuai k&n ding shi
lidng ci, ((Wang raises his hand and turns his body. Sun touches
the cloth, Liu watches Sun, Qiao/Guo play with water))

9 B Wang i yfi::: Teacher Xiao
xi&o ldoshi ::: ((Wang/Liu raise a hand and turn, with Sun,
toward Xiao))

10 E All ((Sun turns and walks away with Wang. Liu put down his hands and

D rubbed them in front of his chest. Qiao/Guo still play with

water))

The actions by Wang and Qiao to attract Xiao’s atten-
tion at turn 6 evidences a shared idea around their de-
sire to have their group’s candle ignited by the teacher,
notated as topic E. However, Liu remains concerned

about his safety question in turn 5 from fragment 1,
which re-appears in fragment 2, turn 7, where Liu
glances at Sun, makes reference to the beaker, and indi-
cates how the water may be used to extinguish the fire if
required, notated as topic C. At the end of turn 8, Sun
begins to talk to himself with the utterance “Hl#E T Wik
Wé Xian zai gan ma ne What should we do now now,”
which is followed by a pause. Sun then continues at turn
8 with his idea about how many tests they should per-
form on each piece of cloth with, “Siff P B & & iR
P X méi zhong lidng kuai kén ding shi liang ci will test
two pieces of each twice.” This new idea is shown as
topic F in episode 2, fragment 2. Meanwhile, Wang still
has his hand raised at turn 9, Qiao has lowered his hand
and gone back to playing with the water (i.e., topic D),
and Liu now has his hand raised to also attract Xiao’s at-
tention (i.e., topic E). At turn 9, Wang loudly calls “i4
&M= xido laoshi ::: Teacher Xiao” with an elongation of
“shiz:” in an effort to attract the teacher’s attention
within a loud classroom. Finally, at turn 10, following
teacher Xiao’s non-response to their calls, Wang and
Sun both walk away from the group to speak to Xiao
face-to-face.

Throughout episode 2, fragment 2, we observe further
diversity in topics as noted with E, C, F, and D in the
transcript. These topics relate to different aspects of the
methods for the inquiry activity, which the students are
developing as they proceed in an uncoordinated and dis-
jointed effort. Physical dispersion of the group is evident
in the actions described at turn 9.

Harmony, emotion, and intensity

In this next episode, the students have regrouped. In
episode 3, turn 1, Sun performs a fire test on the
blue cloth, with Wang, Qiao, and Guo watching
closely, and Liu watching while he also plays with a
pipette, in the video.
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Fig. 2 Turn 2, Wang (left) laughs, Sun holds the burning cloth, and others look attentively

Episode 3: Blue and Red cloth are not fireproof

1 All ((Sun took the blue cloth with tweezers and burned it on the candle
flame. Wang, giao and guo are all focusing on the fire test of blue
cloth))
2 Wang O§: : : ?0F BT <<surprise-fear>>
&:::7? xia si le ((Wang's upper body rose from the table to the
whole body. Sun put the burning blue cloth into the beaker;
Qiao's eyes fix on the blue fabric; Guo watched silently))
B X BB XK H
3 Liuw wa: :: bt shi fang hud de ((Liu's eyes moved from the pipette to
the blue cloth, but continued to move his hands, took a small step
back))
((All watched Sun conduct a fire test with tweezers and a red
cloth, drops fire into water; Liu kept fiddling with the pipette))
S Wang F R B X M, 4 €&t F R B X M It is not fireproof,
red cloth is not fireproof
bu shi fang hud de, héng sé y& ba shi fang hud de

wow::: it is not fire proof

At turn 2, Wang responds loudly to the blue cloth
burning with, "Wl::?0F FETam ? xia si le I was
scared,” where the elongated utterance of “a” is a
common expression of surprise in Chinese language
(Zheng, 2017), and the phrase “xia si le” expresses a
feeling of fearful surprise. Wang’s utterance was quite
loud and accompanied by him pulling his head and
upper body back away from the cloth that was burn-
ing vigorously. This response evidences his high-
intensity physical focus on the cloth and Sun’s ac-
tions. Wang’s surprise was shared by Liu evident with
his loud expression of “If:: A & B ‘K IH) wa:: ba
shi fang huo de wow:: it is not fire proof” Liu’s re-
sponse mirrored Wang's response and also stated an
inference about the burning cloth in that it is highly
flammable. This moment was shared by all group
members with their actions evidencing a high level of
intensity in EE, shown in Fig. 2.

High-intensity EE is evident in Fig. 2 as all five stu-
dents have moved closer to the burning fabric, with a
shared focal point for their facial and eye alignment.
This physical alignment is one aspect of intense EE that
is supported further by the increased collectivity around
ideas in episode 3 as shown in the transcript.

Harmony and student-centered ideas

In episode 4, we illustrate the achievement of harmony
around student-centered ideas. The basis for our inter-
pretations is evident across two fragments in episode 4
that we have labelled as (1) creating space for collective
writing, and (2) new shared ideas. Episode 4, fragment 1
commences at turn 1 with Wang asking “PRAj 24T 2L T
TW? ma bu ?ma bu yao le gan ma ?A rag? Why would
you want a rag?”’

Episode 4, Fragment 1: Creating space for collective writing

1 Wang BH?HEMETTM?2 rag? why would you want a rag?
ma bl ?m& bl yao le gan ma ?
((Wang took a look at the rag on the right, put down the pen that
filled in the worksheet, and picked up the rag and put it on the

left))
2 sun  °ff°(.)°#° ° wipe °(.)° wipe °
°ca °(.)%a °

((Sun takes the rag to wipe the table))
3 Wang W, oh
O ((Wang nods and continues to fill out the learning form))
EAstiph, FMBAilithe candles, and the oil
hé&i ydu la zhg, hé na gé ydéu((Qiao pointed to the learning form))

4 Qiao

Wang’s utterance is in response to Sun’s request
for the rag on the opposite side of the table, and this
interrupts Wang who is starting to complete the
worksheet on behalf of the group. At turn 2, Sun ex-
plains that he wants to wipe the water from the
workspace and Wang passes the rag across to Sun.
This is an important action because cleaning the
workspace creates a usable space for Sun to become
involved in writing, which we observe in a subse-
quent turn. At the moment of turn 3, however,
Wang returns to writing and Qiao contributes an
idea to Wang’s writing with the suggestion at turn 4
about “MAA WL, FIHBANHhal you 1a zhd, hé na ge
you the candles, and the oil.” Fragment 1 is import-
ant as it is the beginning of practices we may iden-
tify as collective writing involving entrainment of the
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group toward mutually constructed ideas as indicated
in the actions of Wang and Sun in Fig. 3: Wang is
writing and Sun is cleaning the space for the group
to participate in writing.

In Fig. 3, Wang is completing the upper half of the work-
sheet comprising a table for making notes about the three
types of cloth (red, blue, and purple). Once the workspace
is clean, Wang looks at Sun and asks “W A A EHEA T4k
%7 lan sé bu lido shi shenme 1ai zhe? What is the function
of blue cloth?” in episode 4, fragment 2, turn 1.

Episode 4, Fragment 2: New shared ideas

1 Wang @tk RH4EME?what is the function of blue cloth?

= The blue cloth, The blue cloth is:::=
é bu lido de shi :::= ((Wang holds his
1 t the learning form))

clotk

féng hudé ((Wang looks at Sun and the

lén se bu lizo ,
chin and watches Su
3 Wang =SRREMHH, B W

=xi&n tién zi sé bu liao ,

irst Fireproof

le cloth is fireproof

5 Wang ((After getting Sun's affirmative answer, Wang marked the "fire

prevention" function of purple cloth))

In episode 4, fragment 2, turn 2, Sun attempts to make
a comment about the blue cloth but is unable to make a
clear statement. Wang responds at turn 3 with “=4GIH%
Akl Bk =xian tian zi sé bu lido, faing hud Write pur-
ple cloth first Fireproof’ and confirms Wang’s utterance at
turn 4 whereupon Wang marks the worksheet at turn 5.
This ongoing sharing of ideas in response to the work-
sheet and stepwise completion of the worksheet as a
group activity is observed by Liu, Qiao, and Guo who are
standing around the workspace and watching the writing
activity. This process unfolds fluently suggesting there is
no disagreement from group members. In this way, the
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worksheet begins to be filled in with ideas that are uttered
and confirmed within the group. In the video, once the
table part of the worksheet is completed, Sun takes the
worksheet and pen from Wang, who does not oppose this
action, and Sun fills words into blank spaces in some sen-
tences at the lower part of the worksheet. As he completes
these responses Wang and Liu look closely at the work-
sheet, before it is left by Sun on the workspace. No further
contributions are made by other group members, suggest-
ing they are satisfied with the recorded ideas.

Discussion

Our study extends previous research by refining Confu-
cian conceptualizations of harmony and uniformity, and
illustrating possible ways in which these concepts may
appear as social phenomena through interactions in a
STEM classroom. We have specifically considered
teacher-centered and student-centered phases of a
STEM inquiry lesson in a Chinese classroom. We have
also considered the interplay between uniformity, har-
mony, proportionality, and EE, during student experi-
ences of classroom interactions, to synthesize conceptual
links that may be useful in advancing knowledge in this
novel area of STEM education research.

Student experiences of uniformity

Previous studies suggest uniformity as a feature of Con-
fucian heritage classrooms is inconsistent with learning
through student-centered STEM projects (H ng et al.
2015; Huang and Asghar, 2018; Thao-Do and Yuenyong,
2017). As noted earlier, these studies tend to conflate
harmony and uniformity as simultaneous experiences
evident through passive learning and avoidance of argu-
mentation. However, in the present study, we interpret
the practices in episode 1 as an example of uniformity of
ideas through the Confucian notion of tumg (Fung,
1976), which is the social achievement of conformance
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with uniform ideas. In episode 1, the ideas presented are
teacher generated and reproduced by students through a
highly disciplined and practiced, ritual, without any
scope for divergent thinking, such as students introdu-
cing new ideas.

Practices of uniformity were at the initial phase of the
lesson we explored, and within several minutes the lesson
transformed into being student-centered. In this situation,
uniformity may have been useful because it focused the
students on the topic of fabrication and materials, which
was relevant for the project that followed where the qual-
ities of materials were tested through guided inquiry. In
this way, the practices achieving an experience of uniform-
ity may provide an opportunity to revise familiar ideas
with students, and to achieve a mutual focus across the
class, as a lead into the ensuing lesson.

Teaching practices leading to uniformity of ideas may
therefore have an emotive purpose to focus collective at-
tentiveness, rather than an immediate learning purpose.
This would be important before releasing a group of 10-
year-olds into a student-centered inquiry, and indicates
the relevance of some uniformity in this form of STEM
teaching. In our study of episode 1, the achievement of
uniformity could also be interpreted contemporaneously
with EE. Emotional energy is evident as the level of mu-
tual attentiveness and self-awareness of bodily practices
throughout episode 1. For example, on the teacher’s
command of “qi li,” the class stood to attention, greeted
the teacher in unison, and then sat in a ritualized bodily
position common across the class. Bodily entrainment
was also evident in speech acts such as Xiao’s mimicry
of Chen at turns 6-7, which also evidences the align-
ment of ideas and a level of fluency indicative of shared
feelings and mutual attentiveness (cf. Davis and Belloc-
chi, 2018). Although it may be argued that there was
limited evidence that all students shared the same
STEM-related ideas, the coordinated, rhythmic actions
of students illustrated a high degree of self- and other-
awareness as each student played their part in the per-
formance of this classroom ritual. On this basis, teaching
practices that achieve uniformity at the start of a lesson
may offer value in terms of emotive outcomes such as
high-intensity shared attentiveness and achieving a sense
of togetherness or EE. This emotional achievement sets
the tone of the lesson before the class launches into
student-centered learning. For this reason, the experi-
ences of uniformity and EE at the start of a STEM
inquiry may contribute to the remainder of the lesson.

Experiences of proportionality and diversity

As noted in our conceptual framing to this study, our
Confucian notion of harmony is achieved through a
process of proportionality (i.e., Chung) involving the mix-
ing of diverse ideas (Fung, 1976). Previous studies of
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harmony in STEM education have not explored this no-
tion of proportionality in terms of what it may mean or
what it may look like in practice. We have described this
process throughout episode 2 showing how different ideas
and different foci for individual attentiveness are being
established. Each student is exploring possible methods
for the inquiry activity, but in an individualized and unco-
ordinated manner. These different actions provide evi-
dence of different practices and different ideas which we
interpret as a high level of diversity in ideas and attentive-
ness. In practice, some teachers may regard these mo-
ments of interaction as disorderly. For example, actions by
the student Guo, who is playing with the water on his
own, may be considered by teachers as being off-task.
Similarly the robust discussion in episode 2 between Sun
and Liu about how to hold the tweezers may also be con-
sidered minor and irrelevant to learning STEM. Our
counter-argument to these views is that episode 2 shows
the messiness of doing a STEM inquiry (McLaughlin and
MacFadden, 2014), where students are exploring real
STEM phenomena and their own methods for exploration
through inquiry. The particularities of student-centered
learning are also non-linear in that the topics of inter-
action across episode 2 appear to jump from idea to idea,
often with more than one idea being discussed at the same
time. Importantly, some ideas disappear, while some en-
dure across the interaction, and it is the enduring ideas
that shape later episodes. For example, Liu’s persistence
with the idea on how to control the fire by using the water
starts at episode 2, turn 5, is ignored at turn 6 and Liu
mentions it further at turn 7. This idea is then dropped as
an interactional topic and is performed later through Sun’s
actions at episode 3, turn 4, when he drops the fire into
the beaker of water. By following this idea initiated earlier
by Liu and acted upon later by Sun, we are able to show
how shared ideas may unfold over time through social
interaction in a student-centered context. The complexity
of non-linear and sometimes playful practices for forming
shared ideas needs to be appreciated when seeking to
understand learning through doing STEM projects (cf.
Tobin, 2006).

To understand the emotive processes of these prac-
tices, we interpret episode 2 as low-intensity EE because
of the lack of mutual bodily entrainment toward any
particular shared object. Also there was much diversity
of ideas as shown by the different foci by Sun, Wang,
and Guo throughout episode 2, fragment 1. A final indi-
cator of low-intensity EE is the lack of fluency in the
interaction, which is most evident in Fig. 1 where Sun
and Liu have a disagreement about their inquiry
methods. This disagreement evidences a lack of fluency
or low collectivity in feelings toward one another’s ideas
and actions, and on this basis, it provides evidence of
low-intensity EE.


https://www.purpleculture.net/mp3/qi3.mp3
https://www.purpleculture.net/mp3/li4.mp3
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In the present study, we propose that episode 2 illus-
trates students experiencing the Confucian notion of
proportionality through the introduction of different
ideas as contributions to the overall endeavor of their
STEM project. Not all ideas are accepted within the
group, but each contributes to the mix and is considered
part of the interactional processes. In the context of sci-
ence inquiry projects in non-Chinese schools, similar ep-
isodes involving diverse ideas are described. For
example, Roth and Tobin (2010) describe student dis-
agreement about science inquiry ideas as form of con-
flict, and Menekse, Purzer, and Heo (2019) describe
similar processes of conflict as part of the learning prac-
tices in an engineering context. In a further study, Davis
and Bellocchi (2020) describe a science inquiry project
where the topic changes several times, evidencing con-
flict that rapidly resolves into quieter moments of shared
scientific observation.

In studies of non-Confucian heritage classrooms, stu-
dent discussions of diverse ideas are described as con-
flict, consistent with argumentation and confrontation
(cf. Davis and Bellocchi, 2018; Roth and Tobin, 2010). In
the Chinese context, similar actions also appear in
student-centered situations, but as we have shown, these
may be interpreted as a process of proportionality for
working with diversity when moving toward harmony. It
is not so much student-actions that are different, but the
ways we might interpret these actions and experiences
from differing cultural perspectives. With harmony and
proportionality being such deeply embedded features of
Confucian cultures, we adopt the view that addressing
diversity and difference in everyday social interactions is
regarded to be non-confrontational. Yet, this does not
mean harmony equates to uniformity. It may be more
reasonable to interpret proportionality during moments
of diversity and difference as a culturally specific form of
argumentation that is not regarded as conflict within
Confucian cultures. This reframing of diversity, differ-
ence, proportionality, and conflict has implications for
STEM education across international and inter-cultural
contexts. It means that we should view social construct-
ivist, student-centered STEM inquiry as form of teaching
to be consistent with Confucian cultures, where learning
and emotions are experienced and interpreted differ-
ently, compared with non-Confucian cultures.

Student experiences of harmony

As the students in this study progress through their pro-
ject, the diversity of ideas tends to diminish. This does
not occur through any overtly planned actions to achieve
harmony. Instead, we simply see a change in the way the
group interactions take shape. An example of these
changes is evident in episode 3 where the students have
acquired a flame on their candle as a source of fire to
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test the fabric materials for flammability. This unifies the
group so that they experience high levels of mutual at-
tentiveness around the fire and in relation to their mu-
tual responses. For instance, when the flame erupts
suddenly, the whole group move back from the flame,
two of the students make utterances indicating experi-
ences of fear and surprise. What makes episode 3 an ex-
ample of harmony, which is different to uniformity in
episode 1, is that harmony was achieved through a nat-
uralistic, self-organizing quality of social interaction.
There was no teacher or dominant student to impose
consensus or uniformity in the ideas being performed.
Students’ mutual attentiveness, shared focus, and shared
ideas were achieved through a natural confluence of all
the previous ideas and interactions the students had ex-
perienced during the lesson.

A further interpretation of episode 3 relates to its
qualities of intense dramatic EE that involves intense
focus, sudden movements, and loud utterances. Al-
though showing evidence of loudness and surprise we
interpreted this episode as an illustration of harmony be-
cause of the focus on similar ideas such as the flam-
mable materials and the sharing of similar emotional
experiences. These moments in episode 3 are clearly dif-
ferent, more focused than episode 2, showing greater
evidence of shared emotionality.

The self-coordinating character of harmony that is
clearly different to the imposed character of uniformity
continues to be evident in episode 4. However, in episode
4, harmony is contemporaneous with a shift in EE that re-
mains intense, but becomes more subdued and less dra-
matic than it appeared in episode 3. In episode 4, we
observe a shift in practices away from collective observa-
tion in the inquiry and toward the practice of collective
writing as the students complete their lesson worksheet
(cf. Davis, 2017). As we saw in episode 4, there was no an-
nouncement about collective writing. One student started
to read the worksheet, others started to make space so
that the worksheet could be shared, and then students
contributed ideas that were recorded by two self-
appointed scribes. In this way, the worksheet became a
focus for the harmonization of ideas that was performed
by students efficiently and quietly. Given the common
place of worksheets in STEM projects (cf. Davis and Bel-
locchi, 2018), we argue that such moments of harmony
are ritualistic, but this remains different from the ritual of
uniformity described in the early part of the lesson. The
difference being that harmony involves a self-organizing
social order leading to the synthesis of shared ideas out of
diversity and difference.

Synthesis of concepts
This study contributes to our understanding of student
experiences in Confucian heritage classrooms where
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student-centered STEM projects may be used as a teach-
ing strategy. We suggest that uniformity and harmony
are two different concepts that should not be conflated
and may be identified through different interactional
practices in STEM classrooms. We have also established
a practice-based example of proportionality in the mix-
ing of diverse ideas as a prelude to achieving new shared
ideas as a form of harmony. Practices of proportionality
may appear similar to practices of conflict described in
non-Confucian settings. We suggest that the difference
between conflict, or argumentation, in non-Confucian
classrooms, compared with proportionality in Confucian
classrooms may be the way these experiences are cultur-
ally interpreted. This interpretation is consistent with
other studies of emotional experience, where similar
events may be interpreted and experienced differently by
different people (Collins, 2004).

A further advancement of knowledge in this study is
the interpretation of EE contemporaneously with inter-
pretations of uniformity, proportionality, diversity, and
harmony. These Confucian conceptualizations of stu-
dents’ experiences are useful in refining the description
of EE as a social phenomenon in STEM classrooms. We
have described how uniformity and harmony may be
both associated with intense EE, and how uniformity
may be productive of ongoing EE to support a subse-
quent student-centered STEM inquiry. Further, we have
shown in this study how intensity of EE may diminish
during experiences of proportionality. This is an import-
ant observation requiring further research, because pe-
riods of low EE are often avoided by people (Collins,
2004) and may lead to student disengagement. Under-
standing how students can maintain engagement across
these low-intensity EE durations of a STEM inquiry are
therefore important for STEM educators. Finally, in the
achievement of harmony, we illustrate the possibility for
both dramatic and undramatic forms of EE. These differ-
ent forms of EE are important to acknowledge because
they are observable in different ways, and the least notice-
able undramatic form is often the most important in
everyday situations (Collins, 2004), as well as in STEM
inquiry contexts (Davis and Bellocchi, 2018).

Conclusions

This paper makes important contributions to studies of
emotion in STEM education. Firstly, our study extends
the field of emotions in STEM education research be-
yond self-report forms of research design to explore dif-
ferent conceptualizations and understandings of emotive
experiences as observable social phenomena in STEM
classrooms (Ritchie and Tobin, 2018). This was achieved
with a social, phenomenological orientation to explore
emotive experiences that may not be noticed by people
in the experience (Davis, 2017). On this basis, our study
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extends previous research from science education into
the broader field of STEM education. Secondly, we have
explored the nuances of emotive experiences and social
actions in Confucian heritage STEM classrooms by re-
fining conceptualizations of harmony and uniformity (cf.
Hang et al. 2015; Huang and Asghar, 2018; Thao-do and
Yuenyong, 2017). We propose that harmony and uniform-
ity are two mutually exclusive concepts arising out of
different forms of empirically observable micro-social
interaction. To illustrate this in relation to previous science
education research, we focused our analysis on teacher-
centered and student-centered practices of interaction in a
STEM classroom. Thirdly, the notion that Confucian heri-
tage STEM classrooms are inconsistent with argumenta-
tion, difference, diversity, and social constructivist learning
is strongly challenged by our study (cf. Hang et al. 2015).
We have explored the diversity of ideas in this study as
they unfold in a student-centered STEM inquiry project.
This exploration shows student engagement with diverse
ideas that we explain through a process of proportionality,
commonly described as the middle way in China (Chenxi,
2018), as being important for the achievement of harmony.
We claim that argumentation, difference, and diversity is
consistent with Confucian cultures, and we suggest social
constructivist approaches to STEM education could be re-
interpreted and re-framed through Confucian cultural per-
spectives. Finally, this study integrates Confucian emotive
perspectives with emotional energy illustrating both con-
ceptual connectivity and practical examples that will sup-
port future research into emotions in STEM in different
cultural contexts.

Limitations

In STEM education research, this is a novel investigation
into emotional experiences of students in a naturalistic
inquiry context using a social, phenomenological (Davis,
2017; Liberman 2013) approach to explore emotional en-
ergy (Roth and Tobin, 2010; Tobin, 2006) in a Confucian
heritage culture (H ng et al. 2015; Huang and Asghar,
2018). Until further studies of STEM education are con-
ducted using similar methodological approaches across
similar contexts, the transferability of this study will be
limited. This study also developed a novel conceptual
framing (Fung, 1976) to explore Confucian heritage STEM
classrooms that challenges previous conceptions drawn
from teachers’ everyday understandings (H ng et al.
2015; Huang and Asghar, 2018). This exposes a theoretical
limitation of this study as we establish novel ideas at con-
ceptual and practical levels of analysis requiring further
exploration in future studies. Further emotive concepts
also need exploration including the notion of passivity in
STEM classrooms (Thao-do and Yuenyong, 2017). Finally,
all studies of emotion are limited because their research
instruments always shape the emotive phenomena to be
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explored and understood. This limitation extends from
quantitative self-report studies (cf. Lehtamo et al. 2018) to
the present phenomenological study. As interpretive re-
searchers, we recognized ourselves as the primary analyt-
ical instrument in this study. We have mitigated the
limitations of our study by being explicit in our philosoph-
ical or methodological stance, by defining our conceptual
framing, and by detailing our data quality criteria.

Future research

The novelty of this paper in integrating Confucian heri-
tage studies and studies of emotion in STEM education
opens many possibilities for future research. The nu-
ances we have identified in conceptualizing notions such
as harmony and uniformity, and operationalizing these
in the practice contexts of student-centered STEM
inquiry projects presents opportunities for future investi-
gation. For example, exploring relationships between
low-intensity EE as an impediment to engagement dur-
ing processes of proportionality in student-centered
STEM inquiry is an issue we noted in this study. That
issue may be related to intercultural interpretations of
conflict and proportionality when addressing diverse
ideas and argumentation in STEM classrooms. Reconcil-
ing argumentation and proportionality may also improve
teachers’ everyday understandings about possible cohe-
sion and consistency between social constructivist teach-
ing in STEM and Confucian heritage classroom cultures.
A further possibility is to apply the methodology and emo-
tive conceptualizations of our study to explore the nu-
ances of STEM education in other cultural contexts such
as indigenous cultures or school sub-cultures where stu-
dents are disengaged. Finally, there is the possibility for
the cultural adaptation of EE in the way we understand
the concept and lived experiences of EE as a social
phenomenon in different school and classroom cultures.
This is particularly important if EE is to be understood in
non-Western cultures, because the philosophical founda-
tions of EE are Anglo-Euro-American centric. Extending
such understanding was our motivation for this study.
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