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Abstract 

Background: Teacher emotions are sometimes underplayed in the research field of teaching and teacher education. 

Also, teachers often undergo transformations in their professional identities during education reforms. However, very 

few studies explore the connections between teacher emotions and their professional identities against the back-

ground of education reforms, especially in Asian contexts. There is an increasing emphasis on STEM as an education 

reform in China and the world, and a deep understanding of STEM teacher emotions and professional identities is 

necessary in the fast development of STEM education. This study examined how a STEM teacher emotionally con-

structed her professional identities under the STEM education reform.

Methods: This is a 3-year longitudinal case study employing a narrative inquiry approach with one STEM teacher 

in China. Data collection included one in-depth, semi-structured interview, three conversations, personal emotional 

diaries, and correspondence records. A four-step data analysis was conducted.

Results: Three major themes reflecting the participant’s emotional professional identities emerged, including “an 

interested but confused learner”, “an enthusiastic but nervous explorer”, and “an excited but unsatisfied mentor”. In the 

participant’s experiences as a learner, explorer, and mentor, positive and negative emotions were always intertwined. 

These helped construct and shape her professional identities and encouraged her to be the best STEM teacher that 

she could be.

Conclusion: This study provides a series of vivid and dynamic pictures of a STEM teacher’s emotions and professional 

identities against the background of STEM education reform in China from a 3-year longitudinal perspective. It also 

indicates the personal, social, cultural, and contextual factors that could have strong effects on teachers’ emotional 

experiences and the construction of professional identities. Furthermore, this study reveals that three processes (i.e., 

the process of education changes, the process of creating new or multiple professional identities, and the generation 

process of teacher emotions) could be intertwined and developed together.
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Introduction

Exploring the factors contributing to professional devel-

opment is an important issue in the research field of 

teaching and teacher education. �ere has been a grow-

ing interest in understanding so-called “cognitive” 

aspects (e.g., knowledge, skills, etc.), while teacher emo-

tions have sometimes been underplayed (Atmaca et  al., 

2020; Chen, 2016; Golombek & Doran, 2014; Uitto et al., 
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2015). Particularly, although some research has focused 

on teacher emotions (e.g., Schutz & Pekrun, 2007; Schutz 

& Zembylas, 2009), most is set in Western educational 

contexts (Atmaca et al., 2020), and research in other set-

tings is especially needed (Atmaca et  al., 2020). In fact, 

education is an emotional effort, and emotions are at 

the heart of teachers’ daily work, lives, and professional 

development (Hargreaves, 1998). Teacher emotions are 

important, as well as “cognitive” factors. �ey have a 

great impact on a variety of significant teaching-related 

outcomes (Taxer & Gross, 2018), including teaching 

effect (Hagenauer et  al., 2015), instructional behaviors 

(Becker et  al., 2014), and satisfaction (Nalipay et  al., 

2019). Recent research has shown that many teachers 

experience negative emotions, leading to occupational 

burnout and job dissatisfaction (Atmaca et  al., 2020; 

Bodenheimer & Shuster, 2020; Buric et  al., 2019; Chen, 

2019; Torres, 2021; Zhang et  al., 2020). �is issue high-

lights an urgent need to have a deep understanding of 

teachers’ emotional experiences and development.

Teachers experienced widely fluctuating emotions 

when they were involved in education reforms (Lee et al., 

2013; Tsang & Kwong, 2017). Specifically, in recent years, 

teachers are more likely to experience various nega-

tive emotions when they are at the period when a new 

reform or initiative is pushed forward (Tsang & Kwong, 

2017). �is is partly because teachers often undergo the 

transformation of their professional identities1 to achieve 

congruence between the education reforms and their 

own professional orientations (Connelly & Clandinin, 

1999; Lee et al., 2013). Furthermore, studies have shown 

that teacher emotions could be regarded as integral parts 

of their identity formation (Yuan & Lee, 2016) and the 

examination of the interaction between emotions and 

related teacher professional identities is of critical impor-

tance (de Costa et  al., 2019). However, limited studies 

have explored the connections between teacher emotions 

and their professional identities against the background 

of education reforms, especially in Asian contexts (Chen, 

2019).

�ere is an increasing emphasis on STEM2 as an educa-

tion reform all over the world (El Nagdi & Roehrig, 2020; 

Li et al., 2020a, 2020b; Stehle & Peters-Burton, 2019). In 

Asian areas, although STEM education started late, it has 

been “aggressively” implemented and developed in recent 

years (Wahono et  al., 2020, p. 3). During this booming 

stage in Asia, it is crucial to listen to STEM teachers’ 

voice, which has not gained sufficient attention in prior 

studies (Lian et al., 2021). Particularly, Asian educational 

culture (e.g., rote learning, teacher-directed, exam-ori-

ented, etc.), which is different from western, potentially 

impacts STEM education changes and STEM teachers 

(Wahono et  al., 2020). �erefore, more related in-depth 

investigations in Asian regions are necessary.

In China, the government issued the China STEM 

Education White Paper in 2017 and launched a reform 

initiative called the China STEM Education 2029 Inno-

vation Action Plan in 2018. Since then, STEM education 

reform3 has been promoted, particularly in K-12 schools. 

However, STEM teachers usually meet many barriers and 

challenges in the transformation of their professional 

identities, and limited well-defined experience in STEM 

education has been published (El Nagdi et al., 2018; Mar-

got & Kettler, 2019). Under the STEM education reform, 

it is highly possible that STEM teachers may experience 

different kinds of negative emotions (e.g., confusion, 

anxiety, frustration, upset, etc.), which is a significant 

factor leading to burnout and teacher attrition (Zhang 

et al., 2020). In this sense, a deep understanding of STEM 

teacher emotions and professional identities is necessary 

in the fast development of STEM education.

Motivated by these gaps, this current study examines 

how a STEM teacher, Sunjie (pseudonym), emotionally 

constructed her professional identities over the past 3 

years, when the STEM education reform initiative was 

strongly promoted in China. Anchored in Sunjie’s sto-

ries related to STEM education, this study focuses on and 

explores the emotional flux and the evolution of profes-

sional identities that a STEM teacher might experience. 

Particularly, a narrative inquiry approach helps not only 

dig into Sunjie’s longitudinal experiences by presenting 

detailed stories, but also picture the complexities, mul-

tiple facets, and dynamics of teacher emotions and pro-

fessional identities. In this sense, our narrative inquiry is 

necessary and important when scholars, teacher educa-

tors, administrators and other stakeholders are exploring 

a deep understanding of STEM teachers’ non-cognitive 

1 Teacher professional identities are the constellations of teachers’ percep-

tions with regard to how they define themselves in their professional activities 

(Richardson & Watt, 2018; van Veen & Sleegers, 2009; Watson, 2006).
2 �e meanings of STEM education are described in detail in the Context 
section (i.e., “Context” section).

3 An education reform comprises a series of planned education changes 

in various aspects (e.g., teaching methodologies, administrative processes, 

teacher professional development, etc.). National and local reform initiatives 

are essential acts or statements that are intended to implement these changes 

successfully. For instance, Chinese STEM education reform includes a series 

of planned STEM education changes in various aspects (e.g., the transforma-

tion of teaching style from teacher-centered to student-centered, the trans-

formation of teacher-education focus from cultivating single-disciplinary 

teachers to cultivating transdisciplinary teachers). In order to implement 

these changes successfully, some reform initiatives are issued. For example, 

the district of the participant in this study issued a reform initiative to encour-

aging science teachers to develop and implement integrated STEM curricula 

and to develop themselves as transdisciplinary teachers.
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aspects. �is study can contribute to the limited theo-

retical and practical understanding of STEM teachers’ 

emotional experiences with the changes in professional 

identities. Most importantly, our study provides insights 

into STEM teacher development and retention against 

the background of a severe shortage of high-quality 

STEM teachers in many countries around the world.

Theoretical underpinnings

Emotions and teacher emotions

Although an absolute and widely accepted definition 

of emotions does not exist to date (Chen, 2020), more 

scholars are reaching a consensus that human emotions 

could be conceptualized and theorized through a socio-

logical lens (Turner, 2009). For instance, Schutz et  al. 

(2006) defined emotions as “socially constructed, per-

sonally enacted ways of being” (p. 344). �is definition is 

aligned with the suggestions of social constructionism, 

that is, emotions are not only what occur in individual 

psychological activities, but also aroused by social situa-

tions and environments (Tsang & Kwong, 2017).

Emotion is a significant aspect of understanding teach-

ers and teaching (Sutton & Wheatley, 2003). Research has 

found that teacher emotions may be evoked by diverse 

triggers including teachers’ professional goals, educa-

tion policies, student characteristics, school climate, col-

leagues, and socio-cultural factors (Buric & Frenzel, 2019; 

Chen, 2016; Frenzel, 2014; Frenzel et  al., 2009, 2018, 

2020; Torres, 2021; Tsang & Kwong, 2017). For instance, 

according to Frenzel et  al. (2009), teachers’ evaluation 

of the implementation of instructional goals may shape 

their emotional experiences. In other words, teacher 

emotions can be analyzed from an achievement perspec-

tive where the pursuit of success and avoidance of failure 

are central processes (Frenzel et al., 2009, 2020). In fact, 

teachers inevitably encounter failures or challenges in 

their teaching or professional development. �is achieve-

ment perspective implies the response approaches to 

these challenges that teachers meet in teaching may 

influence their emotions. Prior studies have shown a sig-

nificant relationship between teacher emotions and self-

motivation (Kazén et al., 2015; Parr et al., 2021), which is 

defined as people’s ability to motivate themselves to per-

form difficult and challenging tasks (Kazén et al., 2015). 

Studies found that teachers with high self-motivation are 

more able to up-regulate positive emotions, overcome 

feelings of listlessness, and foster confidence and enthu-

siasm even when they meet challenging demands and dif-

ficulties (e.g., Kamila et al., 2014).

Moreover, teacher emotions involve dynamic interac-

tions among personal, professional, and social environ-

ments (Chen, 2016; Tsang & Kwong, 2017). In particular, 

when teachers are experiencing a stream of education 

changes and reforms (e.g., the twenty-first Century Skills 

Movement, etc.), their emotions are frequently and 

strongly influenced by these changes (Lee et  al., 2013; 

Tsang & Kwong, 2017). If teachers consider the changes 

or reform situation as a supportive factor in their profes-

sional needs, goals, and development, they might have 

positive emotions; otherwise, they might feel negative 

(Tsang & Kwong, 2017). �e examination of teacher emo-

tions could help create an understanding of the achieved 

success and existing problems of education changes and 

reforms (van Veen & Sleegers, 2009).

According to the above sociological definition (Schutz 

et  al., 2006), the current study conceptualizes STEM 

teacher emotions as STEM teachers’ socially constructed, 

personally enacted ways of being toward STEM educa-

tion, STEM teaching, and STEM curriculum reforms. 

Based on the social construction of teacher emotions 

(Chen, 2016; Tsang & Kwong, 2017), STEM teacher emo-

tions are inevitably influenced by teachers’ professional 

goals, policies, students, schools, colleagues, and social 

environments. In addition, although emotions can be 

categorized in various ways, two dominant and relatively 

independent dimensions consistently emerge in stud-

ies of emotions: positive and negative emotions (Chen, 

2016). �is dichotomous classification provides a frame-

work for us to analyze STEM teacher emotions in this 

study.

STEM teachers’ emotions could be a mirror to help 

create an understanding of how they react to STEM edu-

cation reforms and help examine the effects of the reform 

implementation. However, these related studies focusing 

on STEM teachers’ emotions are limited.

Teacher professional identities

Recently, many researchers have realized the complexi-

ties of teacher professional identities4 (Leigh, 2019; Li 

& Craig, 2019; Schutz et al., 2018). �e formation pro-

cesses of teacher professional identities involve inter-

actions with different social environments (El Nagdi 

et  al., 2018; Leigh, 2019; Prabjandee, 2020). To be 

specific, teachers may develop new or evolved profes-

sional identities when an education reform initiative 

is implemented (El Nagdi & Roehrig, 2020; Lee et  al., 

2013). �e reasons might include that teachers may 

re-interpret the experiences and environments with 

the implications of education reforms and may trans-

form their professional needs, goals, and positions to 

meet the requirements of education reforms (Vähäsan-

tanen, 2015). Moreover, the parallel shifts in teacher 

4 �e definition of teacher professional identities adopted in this study is pre-

sented in Footnote 1.
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professional identities may promote the changes in 

educational system (Bybee, 2010). In this sense, teacher 

professional identities play a significant role in educa-

tion reforms.

Based on the definitions from Richardson and Watt 

(2018), van Veen and Sleegers (2009), and Watson (2006), 

this study conceptualizes STEM teacher professional 

identities as the constellations of STEM teachers’ percep-

tions with regard to how they define themselves in their 

STEM teaching and professional development. From 

a sociological perspective (El Nagdi et  al., 2018; Leigh, 

2019; Prabjandee, 2020), STEM teacher professional 

identities are formed within various social and cultural 

contexts. As STEM education reforms are increasingly 

implemented around the world, teachers may develop 

multiple new professional identities to satisfy the require-

ments of new interdisciplinary ideas and approaches 

(El Nagdi & Roehrig, 2020; El Nagdi et  al., 2018). More 

importantly, STEM teachers’ professional identities in the 

challenging surroundings of STEM education have been 

considered not only teachers, but also complex mixtures 

of learners, risk-takers, inquirers, curriculum designers, 

negotiators, reform implementers, researchers, and col-

laborators (Slavit et al., 2016).

�e relationship between STEM education reform and 

STEM teacher identities development was once concep-

tualized by Bybee (2010). In the conceptualization, Bybee 

(2010) indicated that the process of creating new or mul-

tiple professional identities would influence and be influ-

enced by the process of education changes and that these 

two processes are intertwined and developed together. 

�erefore, the important role of STEM teacher identities 

in STEM education reforms cannot be underplayed.

In China, the supply of qualified and experienced 

STEM teachers is inadequate (�e Chinese Academy of 

Educational Sciences, 2017). If a teacher in China shows 

his/her talent and potential in STEM teaching, then he/

she will be expected to play an important role in the 

STEM education reforms. In fact, most STEM teach-

ers in China inevitably experience multiple professional 

identities (e.g., learners, explorers, mentors, etc.). �ere-

fore, it is essential and meaningful to examine STEM 

teachers’ transformation and formation of professional 

identities and analyze the roles that STEM teachers’ emo-

tions play in it. Meanwhile, limited studies have focused 

on STEM teacher professional identities (El Nagdi & 

Roehrig, 2020).

�is current study focuses on STEM teachers’ multi-

ple professional identities, including how STEM teach-

ers define themselves in STEM education activities and 

STEM curriculum reforms, and how they transform and 

form their new professional identities.

A conceptual framework for the relationships among STEM 

teacher emotions, STEM teacher professional identities, 

and successful STEM education changes

Many studies have indicated that the formation and 

transformation of teacher professional identities are fun-

damentally related to their emotions (Leigh, 2019; Li & 

Craig, 2019; Uitto et al., 2015; Yuan & Lee, 2016; Zemby-

las, 2005; Zhu, 2017; Zhu et  al., 2020). �e relationship 

between teacher emotions and professional identities 

is that professional identities guide teachers’ emotional 

reactions, while teacher emotions, in turn, inform teach-

ers’ professional identities (Yuan & Lee, 2016; Zembylas, 

2005). When teachers face the requirements of education 

changes, they will evaluate whether their professional 

identities correspond to those requirements and expec-

tations; thus, they produce various emotions (van Veen 

& Sleegers, 2009). Among these emotions, positive ones 

usually reinforce teachers’ professional identities in a 

context of education reforms, while negative ones usually 

weaken their professional identities (van Veen & Sleegers, 

2009). Considering the abovementioned relationships 

between teacher emotions and education changes (see 

“Emotions and teacher emotions” section) and the rela-

tionships between teacher professional identities and 

education changes (see “Teacher professional identities” 

section), the process of education changes, the develop-

ment of teachers’ professional identities, and the changes 

of teachers’ emotions may be intertwined.

Actually, teachers’ reaction to the education reforms 

is determined largely by their professional identities and 

emotions (van Veen, 2008; van Veen & Sleegers, 2009). 

However, related empirical studies focusing on the 

understanding of the interrelationship among the three 

processes are needed (Nichols et al., 2017; Vähäsantanen 

& Hämäläinen, 2019; van Veen & Sleegers, 2009), espe-

cially in a context of STEM education reform.

Figure  1 shows a conceptual framework for the rela-

tionships among STEM teacher emotions, STEM teacher 

professional identities, and successful STEM education 

changes. Under the STEM education reform, successful 

STEM education changes may encourage STEM teach-

ers to develop new professional identities (Bybee, 2010; 

El Nagdi & Roehrig, 2020; El Nagdi et  al., 2018; Lee 

et  al., 2013; Vähäsantanen, 2015). In addition, success-

ful education changes may arouse STEM teachers’ dif-

ferent emotions when they respond to the requirements 

and expectations of the changes (Lee et al., 2013; Tsang 

& Kwong, 2017). �ese new professional identities and 

emotions may influence the process of the STEM educa-

tion changes (Bybee, 2010; van Veen, 2008; van Veen & 

Sleegers, 2009). Particularly, professional identities cor-

responding to the requirements and expectations of the 

new changes and positive emotions may promote the 
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process of the STEM education changes (Bybee, 2010; 

van Veen, 2008; van Veen & Sleegers, 2009). A STEM 

teacher’s emotions may fluctuate when he/she constructs 

a new STEM professional identity (Yuan & Lee, 2016; 

Zembylas, 2005). Meanwhile, the construction of a new 

STEM professional identity may be shaped by the STEM 

teacher’s emotions (van Veen & Sleegers, 2009). �e con-

ceptual framework in this study extends Bybee’s (2010) 

conceptualization by indicating the three intertwined 

and developed processes (i.e., the process of education 

changes, the process of creating new or multiple profes-

sional identities, and generation process of teacher emo-

tions) under the STEM education reform.

In this current study, our goal is to examine the inter-

actions among the three processes in the background 

of the STEM education reform in Mainland China. 

�e research question is: How did a STEM teacher 

emotionally construct her professional identities under 

the STEM education reform?

Research design

Research method

Based on our research question, it may be challenging to 

capture the complexities, multiple facets, and dynamics 

of teacher emotions and professional identities by quanti-

tative methods. Meanwhile, limited existing quantitative 

measures can present a comprehensive picture of teacher 

professional identities (Hanna et al., 2020). Instead, tell-

ing the narratives is an efficient way for teachers to 

explain their actions, make sense of their relationships 

with environments, recollect what they experienced, 

reflect on their pasts, recall and express the wave of emo-

tions, and construct and reconstruct their professional 

identities (Connelly & Clandinin, 1999; Yuan & Lee, 

Fig. 1 A conceptual framework for the relationships among STEM teacher emotions, STEM teacher professional identities, and successful STEM 

education changes
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2016). �erefore, narrative inquiry has been regarded 

as a suitable and useful method of understanding and 

characterizing teacher emotions and professional iden-

tities (Leigh, 2019; Li & Craig, 2019; Yuan & Lee, 2016; 

Zembylas, 2005; Zhu et al., 2020). It is worth noting that 

although some previous studies employed a narrative 

inquiry approach to explore teacher emotions or profes-

sional identities (Hong & Cross Francis, 2020), few stud-

ies have discussed the relationship between them from a 

longitudinal view (Li & Craig, 2019). Moreover, narrative 

inquiries into STEM teachers’ emotions or professional 

identities are rare.

�is study is part of a larger collaborative project 

among a Tier-1 Research Normal University, local insti-

tutions of education, and schools in some provinces or 

municipalities of China, aiming to promote STEM teach-

ers’ professional development. By employing a narrative 

inquiry method, this study looks into the storied experi-

ence of a Chinese STEM teacher, Sunjie, and reports her 

3-year longitudinal trajectories of emotions and profes-

sional identities.

Sunjie’s experience is explored in a metaphorical 

three-dimensional narrative inquiry space, namely, tem-

porality, interaction, and place (Clandinin & Connelly, 

2000). In terms of temporality, Sunjie’s past and present 

experiences related to STEM education are traced and 

her future professional goals and ideals are explored. 

As for interaction and place, the background of STEM 

education in China, Sunjie’s school landscape, Sunjie’s 

exchange study in the USA, Sunjie’s interaction with 

other people and contextual elements (e.g., school and 

social environments), and Sunjie’s inner emotional world 

are examined.

Focusing on one participant’s experience may help go 

deep into her inner thoughts to picture the complexi-

ties, multiple facets, and dynamics of teacher emotions 

and professional identities as specifically as possible. 

�is may further enable us to better achieve our research 

goal. During the research, we laid down our authority to 

interpret Sunjie’s stories. We also engaged ourselves into 

the co-composition process of telling and re-telling, liv-

ing and re-living (Clandinin & Connelly, 2000). Meth-

odologically speaking, researchers and readers are all 

co-composers of Sunjie’s narratives, whose resonations 

are important in a narrative inquiry approach (Clandinin 

& Connelly, 2000; Craig, 2019).

Context

STEM education has various meanings internation-

ally (English, 2016; Hallström & Schönborn, 2019; 

Kelley & Knowles, 2016; Leung, 2020; Li, 2020; Li 

& Anderson, 2020; Li et  al., 2019, 2020a; Yata et  al., 

2020). STEM education can be viewed as individual 

disciplinary-based education separately in science, 

technology, engineering and mathematics (Li, 2018; Li 

et  al., 2020a). Meanwhile, with the appearance of the 

definition of STEM education in the US documents, 

many researchers pay more attention to interdiscipli-

nary or cross-disciplinary combinations of the individ-

ual STEM disciplines in the past decade (e.g., English, 

2016). �e China STEM Education White Paper also 

states that STEM education is a coherent group of 

cross-disciplinary curricula (�e Chinese Academy of 

Educational Sciences, 2017). �is statement shows the 

emphasis on STEM integration in China.

In China, in June 2016, the Ministry of Education pub-

lished �e 13th Five-year Plan of Education Informa-

tization. STEM education was first advocated in K-12 

schools. In February 2017, the new standards of the 

primary school science curriculum introduced STEM 

education as a form of curricular organization. �is defi-

nition of STEM education focuses on the integration 

of science, technology, engineering, and mathematics 

and pays special attention to project-based learning and 

problem solving (Ministry of Education of the People’s 

Republic of China, 2017). It was the first time that STEM 

education was introduced in official curriculum stand-

ards. In June 2017, �e Chinese Academy of Educational 

Sciences published the China STEM Education White 

Paper, aiming to promote the design of STEM education 

policies and the implementation of STEM education. In 

May 2018, the Chinese government launched the China 

STEM Education 2029 Innovation Action Plan. �is is 

regarded as the official start of STEM education and cur-

riculum reform in China. Since then, the idea of STEM 

education has been gradually incorporated into more 

curriculum standards, and some teachers have been 

trained to be STEM teachers.

Under the STEM curriculum reform, teachers want 

to change their traditional teaching modes and develop 

their students’ comprehensive skills (Peng & Zhu, 2020). 

First, STEM teachers in China think that students can 

become real protagonists of the classroom. Specifically, 

students will experience the exploration by hand, and 

work together to complete STEM tasks in STEM teach-

ing. �is is completely different from traditional teaching 

modes in which students only accept teachers’ instruc-

tion. Second, STEM teachers in China think that science, 

technology, engineering, and mathematics can be inte-

grated to form a comprehensive curriculum system in 

which students can integrate fragmented knowledge into 

a unified whole. �is will help students learn to use inter-

related knowledge to solve specific realistic problems 

and understand the real world from a systematic per-

spective. In this way, students’ comprehensive skills (e.g., 

twenty-first century skills, practical ability, innovative 
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ability, etc.) will be promoted, while traditional education 

focuses more on students’ exam-taking ability.

Many STEM teachers reported that they suffered high 

pressure or other negative emotions under these reform 

initiatives (Zhang & Sun, 2018). STEM teachers are 

encountering various difficulties and challenges in meet-

ing the requirements of this reform when they play roles 

as school-based STEM curriculum developers, active 

implementers of innovative STEM teaching practices, 

and facilitators of students’ STEM learning (Dong et al., 

2020). Put simply, it has been increasingly recognized 

that the job of a STEM teacher in China is challenging.

Participant

�e current study adopts a purposive sampling technique 

that is typically used in qualitative studies (Etikan et al., 

2016). It involves deliberate identification and selection 

of individuals that are well-informed in a certain field or 

possess particular qualities (Etikan et al., 2016). To facili-

tate a focus on STEM teaching experience, we delivered 

invitations to several available experienced STEM teach-

ers. We briefly investigated the teachers’ background and 

characteristics after excluding those who were unwilling 

to participate. Finally, we selected one participant with 

the richest information.

�e participant, Sunjie, is an experienced STEM 

teacher in Shenzhen city. She works in a public school, 

which usually supports innovative curriculum and teach-

ing reforms to cultivate students’ scientific thought, 

humanistic spirit, and comprehensive competitiveness. 

Sunjie became a science teacher in 1996 after graduat-

ing from a normal university. From September 2016 to 

March 2017, Sunjie studied as an exchange teacher for 

half a year in Austin, Texas, USA. �is was the first time 

that she had formally learned STEM education. In March 

2017, she returned to China and began trying to imple-

ment integrated STEM teaching. After one and a half 

years of exploration, in September 2018, with the goal of 

better promoting STEM education reform in her district, 

Sunjie built a STEM teaching studio. She became a men-

tor who voluntarily guided young teachers in implement-

ing integrated STEM teaching. In Sunjie’s words, she is 

a witness, participant, and implementer of the whole 

STEM education reform in China.

Sunjie claims that STEM education is an ideal educa-

tion model because it not only integrates interdisciplinary 

knowledge from science, technology, engineering, and 

mathematics, but also guides students in posing and solv-

ing realistic problems, usually by project-based learning, 

and aims to improve students’ twenty-first skills. Sunjie 

thinks that STEM education has become an important 

way to cultivate innovative talents to meet the demands 

of the future society. She said that her ideas on STEM 

education were partly from what she studied in Austin, 

Texas, USA. More importantly, when she explored inte-

grated STEM teaching in China, she carefully considered 

how to combine American ideas with Chinese policies 

and school realities. In addition, with the growing inter-

est in STEM education in China in the past several years, 

especially after May 2018, Sunjie learned some Chinese 

practice cases and experience of STEM education. She 

emphasized that this kind of learning contributed to 

the development of her ideas on STEM education. In 

short, her ideas on STEM education were from what she 

learned in China and the US, as well as Chinese educa-

tion policies and school realities.

Data sources

�is current study collected multiple data sources of field 

texts. �e first data source was made up of one in-depth, 

semi-structured interview (conducted in September 

2019) and three conversations (conducted, respectively, 

in August 2017, 2018, and 2019). �e interview lasted 

120 min and each conversation ranged from 50 to 70 min. 

�ey were all audio-recorded and then transcribed ver-

batim. In the interview, Sunjie was invited to review her 

overall 3-year experiences related to STEM education, 

her emotions at different stages, her perception of the 

formations and transformations of her professional iden-

tities, and her comments about Chinese STEM education 

reforms (for sample interview questions, see the appen-

dix). Each conversation focused on Sunjie’s experiences 

during that year (e.g., her interactions with different peo-

ple, her response to STEM education reform measures, 

her implementation of integrated STEM teaching, etc.), 

various emotions resulting from these experiences, and 

reflections about her professional identities.5 Compared 

to an overview of 3-year experiences in the interview, 

more details and subtle changes regarding Sunjie’s emo-

tions and inner thoughts were recorded in the conver-

sations. In addition, Sunjie introduced her biographies 

many times in the interview and conversations.

5 Conversations are less formal than interviews. �ey take place in a less 

intense environment than interviews. Participants are likely to feel more 

relaxed and comfortable in the conversations. Structured or semi-structured 

outlines or protocols are not necessary in the conversations. Conversations 

are used by many researchers in narrative inquiry (e.g., Li & Craig, 2019; Zhu 

et al., 2020). �ey help improve the relationship between researchers and par-

ticipants, which is placed emphasis on in a narrative inquiry approach (Clan-

dinin & Connelly, 2000; Macqueen & Patterson, 2020; Yuan & Lee, 2016). We 

told our participant the main focuses before each conversation. When Sunjie’s 

sharing deviated from the focuses, we gave her appropriate polite reminders 

or questions to bring the conversations back.
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Particularly, Sunjie had a habit of writing “emotional 

diaries”6 (Zembylas, 2005). In the diaries, Sunjie recorded 

important activities, emotions, and reflections about 

STEM education. At the end of the research, Sunjie 

voluntarily shared 30 of the most representative diary 

entries. She agrees that these 30 diaries entries reflect 

her emotional experiences and inner thoughts at differ-

ent stages. �e second data source included these emo-

tional diaries, which were used to obtain a whole picture 

of Sunjie’s experiences.

During the process of data collection over the 3 years, 

two authors corresponded with Sunjie. Phone calls, 

online conversations, informal discussions, and meetings 

(e.g., a short chat after class, etc.) were also recorded and 

archived, which constituted the third data source.

An overview about the timeline of data collection and 

Sunjie’s professional identities is presented in Fig. 2.

Data analysis

Data from the first and second sources (i.e., interview 

and conversation transcripts, and emotional diaries) were 

coded and analyzed. To be specific, the data analysis pro-

cess consisted of four steps. First, to build the “plot” of 

the story (Polkinghorne, 1995, p. 6), the data were sorted 

chronologically. Second, the data were carefully reviewed, 

various emotions were categorized and coded, and the 

way these emotions related to different professional iden-

tities was noted and identified. As a result, three major 

themes reflecting Sunjie’s emotional professional identi-

ties emerged: “an interested but confused learner”, “an 

enthusiastic but nervous explorer”, and “an excited but 

unsatisfied mentor”. �ird, the themes were double-

checked in depth by rereading the original data. Finally, 

“mini-stories” (Clandinin & Connelly, 2000) including 

specific time, space, and characters were composed. Par-

ticularly, in the process of composing mini-stories, the 

personal, contextual, and social meanings related to the 

identified themes were deconstructed, constructed, and 

reconstructed (Clandinin & Connelly, 2000). �en, the 

storyline of Sunjie’s narratives was developed and further 

knitted into “story constellations” (Craig, 2007). �e story 

constellations can show the emotional process of identity 

formation and transformation.

According to Yuan and Lee (2016), data from the third 

source may not be subjected to formal analysis. How-

ever, by reading these informal interactions, researchers 

benefit from generating insights for the understanding 

and interpretation of the participants’ emotional experi-

ences and construction of professional identities. In this 

current study, these data helped us understand the first 

and second data sources better and further confirmed the 

conclusions. Moreover, such kinds of informal interac-

tions helped to build a very good researcher-participant 

relationship, which has been considered a significant 

aspect of narrative inquiry (Macqueen & Patterson, 

2020). Based on this relationship, Sunjie would like to 

share her stories sincerely and spontaneously.

Trustworthiness

�e narrative inquiry method relies on criteria and seeks 

what is true for now (Bruner, 1987) rather than validity, 

reliability, and generalizability (Connelly & Clandinin, 

1990). In other words, narrative inquiry aims to convey 

the truth as the participants see it (Bruner, 1987) from 

the perspective of the researchers and the experiences 

of the readers (Craig, 2019). In this current study, on the 

one hand, all the identified themes and findings were tri-

angulated (Denzin, 1989) by comparing the data from the 

first and second sources. On the other hand, two authors 

Fig. 2 An overview about the timeline of data collection and Sunjie’s professional identities

6 In Mainland China, some teachers have the habits of writing emotional/
teaching/pedagogical/reflection/working diaries. Some schools also require 
teachers (especially novice teachers) to develop such habits, which are con-
sidered to have the potential to promote teacher professional development. 
Sunjie was recommended to write diaries by her school before she went to 
the USA to promote her reflection as an exchange teacher. Our researchers 
did not carry out any intervention when she wrote the diaries.
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analyzed the data independently and then all the authors 

collaborated to cross-check the meanings to enhance the 

trustworthiness of the findings. Most importantly, we 

shared the preliminary conclusions with Sunjie and asked 

for her comments on the data interpretations. �is action 

helped confirm that what she saw and experienced was 

the same as what we understood.

Findings

In this section, three narrative threads from Sunjie’s sto-

ries at different stages are shared. Over the 3 years, there 

were many details about Sunjie’s emotional change and 

identity construction. �e following is a brief report of 

the research findings.

Thread 1: an interested but confused learner

Sunjie’s story with STEM education started in Septem-

ber 2016, when she attended academic lectures as an 

exchange teacher in Austin, Texas, USA. She showed a 

keen interest in the idea of STEM education, “I was very 

interested, or even excited, when I first learned STEM 

education in Austin”. As for the reasons, she explained:

I consider that the ideas of STEM education have 

much in common with my own education philoso-

phy. Looking back on my 20-year science teaching 

experiences, I always unconsciously introduced some 

technology, engineering, and mathematics knowl-

edge in class. I think [they are] very meaningful and 

valuable. [�is is] because, on the one hand, I want 

to broaden my students’ views; on the other hand, I 

think this knowledge is inevitably needed when solv-

ing real science problems in our lives.

Sunjie emphasized that she truly believed that science 

cannot and should not be taught in isolation and that 

students need to connect science with more disciplines 

when they encounter real-world problems. Furthermore, 

Sunjie regarded STEM education as an interdisciplinary 

or cross-disciplinary curricular innovation that integrates 

science, technology, engineering, and mathematics. She 

thought that STEM education often focuses on project-

based learning, inquiry-based learning, and solving real-

world problems. �ese features are especially essential 

for teachers to help students become active learners and 

develop their creativity.7 In fact, Sunjie mentioned many 

times that she was deeply attracted by the educational 

values of STEM education, which further increased her 

interest in STEM education.

Sunjie’s interest stemmed from her personal positive 

beliefs in STEM education (e.g., her recognition of the 

ideas and values of STEM education). �is interest drove 

her to study hard. As Sunjie recalled, she went to the 

libraries to search for related references, carefully learned 

many developed STEM curricula, and asked her teacher 

friends in Austin for advice on the implementation of 

integrated STEM teaching.8 Also, she emphasized that 

it is not easy to be an effective learner of STEM educa-

tion. She had to mull over and investigate many details 

to better learn a new, promising, interesting, and valuable 

pedagogy. �is process sometimes made her tired. Mean-

while, Sunjie mentioned that all these were what an inter-

ested and hardworking learner may experience. When 

she effectively learned some ideas of STEM education, 

she felt more confident of her professional identity as an 

effective learner. To some degree, this learning process 

helped develop her professional identity as a learner.

After one semester spent studying STEM education, 

Sunjie said that, in her diary, she had set a higher profes-

sional goal: “to be one of the first STEM teachers”:

�e more I learn about STEM education, the more 

I become interested in it... I am so interested in it, 

and I want to put it into practice... �e Ministry of 

Education has published an initiative to advocate 

STEM education... Since I am very interested in 

it and [it] is advocated, I hope I can try integrated 

STEM teaching in Chinese classrooms... I am eager 

to be one of the first STEM teachers in my home-

town.

�is statement indicated that Sunjie generated the 

preliminary thought of transforming from a learner to a 

practitioner due to the increase of her interest in STEM 

education and support of reform policy.

Although Sunjie decided to try integrating STEM 

teaching as a practitioner, she had a clear understanding 

of the contradictory factors in STEM education changes 

in China at that time. As Sunjie said, “STEM education 

was mentioned in the national and local government 

documents, but [it] had hardly been implemented [in my 

hometown]…”. On the one hand, STEM education was 

7 We found that Sunjie’s understanding of STEM education was aligned with 

the definition of STEM education in Chinese STEM education policies (e.g., 

Ministry of Education of the People’s Republic of China, 2017; the Chinese 

Academy of Educational Sciences, 2017).

8 Based on our understanding of Sunjie’s words, integrated STEM teach-

ing referred to the classroom teaching activities in which science, technol-

ogy, engineering, and mathematics were integrated, while STEM education 

referred to the broader education activities (e.g., classroom teaching activities, 

out-of-class learning activities, etc.) in which science, technology, engineering, 

and mathematics were introduced. Integrated STEM teaching was included 

in STEM education. When it comes to STEM education, Sunjie may want to 

focus on its educational values, current situation, development challenges, 

potentials, or other macro aspects. However, when it comes to integrated 

STEM teaching, Sunjie may want to focus on micro specific teaching activi-

ties.



Page 10 of 22Jiang et al. IJ STEM Ed            (2021) 8:51 

advocated nationally and locally. On the other hand, inte-

grated STEM teaching was rarely implemented in Sunjie’s 

hometown. Sunjie explicitly knew that there was a mis-

match between policy advocacy and school reality, and 

the real effect of STEM education in practice in China 

had not been studied. Moreover, the features of STEM 

education (e.g., focusing on project-based learning and 

inquiry-based learning and solving real-world problems) 

are not in line with Chinese traditional educational cul-

ture and the teacher-centered classroom culture. �ese 

two mismatches sometimes made Sunjie feel confused 

and unsure about the effectiveness of what she wanted to 

do in the Chinese context:

Chinese traditional [classroom culture] is teacher-

centered while STEM education advocates student-

centered [classroom culture]... Could Chinese stu-

dents also benefit from it like western students ... 

[since] the real impact of ... this [curricular innova-

tion] ... had never been examined? ... [I am] confused 

about [its] effectiveness in China...

To be clear, Sunjie expressed that, as for the effective-

ness of STEM education, she felt confused and uncertain 

rather than worried at that time. �ere were two reasons 

for this. First, Sunjie emphasized that she had uncon-

sciously introduced some technology, engineering, and 

mathematics knowledge in her science class over the last 

20 years. She thought that students could accept STEM 

education based on her experience. Second, despite the 

existence of challenges delaying the implementation of 

STEM education ideas, Sunjie believed that her under-

standing of STEM education aligned with many educa-

tion policies in China. China is building itself into an 

innovative country, and many policies are issued to help 

develop students’ creativity, including policies on STEM 

education changes. Because of this, Sunjie believed that 

the exam-driven educational culture would change in the 

future (although it would take time) and that STEM edu-

cation could be fitted into Chinese classrooms.

During her time in Austin, Sunjie perceived herself as a 

learner and prospective STEM teacher. As Sunjie wrote, 

she was attracted by the idea of STEM education and was 

interested in the theory and practice of it; meanwhile, 

from time to time, she felt confused about its effective-

ness in Chinese classrooms. �ese emotions (i.e., inter-

est, confusion, etc.) were influenced by Sunjie’s personal 

beliefs (related to her prior teaching experience), educa-

tion policies, and educational realities in China. Sunjie 

further said that the more interested and confused she 

was, the more she wanted to understand STEM educa-

tion in depth, and the more she wanted to implement 

integrated STEM teaching. �is further motivated her to 

be an active explorer soon after returning home.9

Thread 2: an enthusiastic but nervous explorer

Preparation and implementation of �rst integrated STEM 

teaching: principal’s and colleagues’ attitudes and students’ 

performance as signi�cant external factors of emotion

With a strong desire to implement integrated STEM 

teaching, Sunjie nervously submitted a teaching proposal 

as soon as she returned to her hometown. It is worth 

noting that although some initiatives were put forward 

to advocate STEM education, most school principals 

did not follow them at that time. Luckily, Sunjie’s princi-

pal supported her. Sunjie recalled how she felt when she 

became an explorer:

I was so happy and excited that I had the opportu-

nity to explore what I was really interested in and to 

be among the first to implement the STEM curricu-

lum reform ideas... However, my principal and col-

leagues expressed their anxiety about my teaching 

effect... �ey would come to observe my integrated 

STEM teaching. �is made me feel really nervous 

and stressed. I thought I could not disappoint them.

Her principal’s and colleagues’ attitudes greatly influ-

enced Sunjie’s emotions. As Sunjie described it, antici-

pation, excitement, enthusiasm, and nervousness were 

interwoven. She hoped to present an impressive lesson. 

She expected that her principal, colleagues, and students 

would enjoy integrated STEM teaching and, thus, actively 

respond to the STEM education initiatives. Further-

more, she was not very confident in her integrated STEM 

teaching and was worried that she might fail to meet her 

principal’s and colleagues’ expectations. �is emotional 

state existed throughout the entire process of preparing 

and implementing integrated STEM teaching. She said 

that although she indefatigably and enthusiastically per-

fected her instructional design repeatedly, she was still 

worried that the design was not good enough. �is situa-

tion made her very nervous. She described her nervous-

ness with the details that she tossed and turned in bed 

the night before the implementation. Most importantly, 

Sunjie’s enthusiasm for STEM education never waned. 

She shared some exciting things with us: “One of my col-

leagues praised [me] that my design was better and bet-

ter… [And thus,] I felt a little bit more confident and a 

taste of accomplishment… �e positive comments also 

9 Actually, Sunjie had been interested and confused throughout the three 

years. However, these two kinds of emotions are not dominant in the next two 

threads. �ey were sometimes replaced by stronger emotions (e.g., enthusi-

asm, excitement, etc.).
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made me more enthusiastic about what I was interested 

in.”

However, the implementation of her teaching was not 

going very well. Perhaps her students were bound by 

the traditional teacher-led classroom experiences. Dur-

ing the integrated STEM teaching, the students did not 

perform as expected. First, they did not know how to col-

laborate with others in project-based learning. Although 

Sunjie divided the class into several groups and asked 

students to work in groups to solve a problem, the stu-

dents did not actively communicate and work on the 

problem within their groups. Students regarded the 

STEM problem as simply a traditional classroom exercise 

and solved the problem independently. Sunjie frequently 

asked them to communicate with peers, but most of the 

students kept silent. Second, students thought that it was 

difficult to understand and combine knowledge and ideas 

from different disciplines to solve a STEM problem. For 

instance, Sunjie provided them with a problem related 

to sewage treatment. Students understood the constitu-

ents of domestic sewage but did not understand the sew-

age disposal technology and did not know how to design 

sewage treatment tanks based on that technology. �ird, 

students were unwilling to interact with Sunjie. �ey 

were more willing to accept Sunjie’s instruction instead 

of sharing their thoughts and ideas with Sunjie. Fourth, 

when students were asked to solve open-ended problems 

or design something new, they were at a loss about what 

they had to do. �is implied that students were bound by 

solving problems with standard answers. As a result, stu-

dents’ response to teaching was not so good. Meanwhile, 

based on students’ responses, some colleagues expressed 

doubt about this teaching style; some teachers even ques-

tioned the STEM education reform initiatives.

�is discouraged Sunjie. As she said, students’ perfor-

mance and colleagues’ doubts made her extremely sad 

and depressed in the next week.

Significantly, her principal’s and colleagues’ attitudes 

towards Sunjie’s teaching and students’ performance 

were important external influential factors affecting her 

emotions when Sunjie prepared and implemented her 

first integrated STEM teaching. Before her teaching, 

Sunjie knew that she would be observed and assessed. 

She hoped that her principal and colleague would have 

positive attitudes toward her STEM teaching and give 

positive feedback. �is produced huge pressure on her 

and made her feel nervous. Meanwhile, some positive 

and kind comments from her colleagues made her feel 

relieved and enthusiastic. Finally, her students did not 

perform as well as she expected during her first teach-

ing. She found that her principal’s and colleagues’ atti-

tudes toward her teaching were not as positive as she had 

expected. �is made her sad and discouraged.

Making the decision after an intense inner struggle: 

self-motivation as a signi�cant internal factor of emotion

Failure is essential to the success of the implementation 

of STEM education. Sunjie did not give up. After watch-

ing the teaching videos and reflecting on the problems 

in her teaching implementation, she told herself that 

she had to pull herself together and continually explored 

how to implement integrated STEM teaching in Chinese 

classrooms.

Sunjie decided to go on after an intense inner struggle. 

She expected to show the educational values of integrated 

STEM teaching and actively changed the exam-centered 

and teacher-led teaching style. Meanwhile, she was wor-

ried that she did not have the strong abilities to change 

her students and classrooms. Also, she had anxiety that 

her students would not accept and embrace the changes. 

Sunjie said that she was very perplexed, nervous, and 

worried at that time. However, although Sunjie had inter-

nal doubts, she motivated herself to make more efforts to 

be an effective STEM teacher.

More importantly, Sunjie knew that there would be 

many challenges in the future. However, she motivated 

herself to continue implementing STEM education. She 

tried her best to make a difference, deviating from the old 

style of exam-centered and teacher-led teaching, and was 

undeterred by future challenges. �is self-motivation, 

stemming from her strong beliefs in STEM education, 

helped her adjust her emotions to keep exploring inte-

grated STEM teaching after the failure.

Particularly, this intense inner struggle helped Sunjie 

not only understand the opportunities and challenges 

that a STEM teacher may face, but also think clearly 

about her professional goals and identities. As Sunjie 

explained, she figured out the in-depth meaning of the 

word “explorer”. She said that an explorer was bound to 

encounter many difficulties and struggles. As an explorer, 

she was travelling to an ill-defined practice field in order 

to know more about it. If she gave up when she encoun-

tered troubles, she could never bring anything new to the 

small world around her. She considered that an explorer 

is a courageous person who may experience anxiety and 

upset in the process of discovery and experience excite-

ment after making a discovery.

Overcoming the challenges: internal and external in�uential 

factors mixed

�e difficulties of exploring and implementing integrated 

STEM teaching produced negative emotions in Sunjie. 

After deciding to continue, Sunjie made efforts to over-

come negative emotions in her daily work. Particularly, 

the education policies regarding STEM education, as a 

critical external factor, played an important role in elimi-

nating Sunjie’s negative emotions during this process. In 
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June 2017, the China STEM Education White Paper was 

published, and some STEM education and curriculum 

reform initiatives were issued. Although many schools 

did not respond to it immediately, Sunjie more firmly 

believed that what she did was valuable and meaningful. 

Meanwhile, these policies further increased her enthusi-

asm for STEM education.

For nearly one and a half years, Sunjie diligently and 

enthusiastically explored how to implement integrated 

STEM teaching once a month.10 Sunjie asked for advice 

from instructional experts from the university, investi-

gated her students’ learning needs, informed her students 

with more knowledge about transdisciplinary themes, 

provided students with more effective guidance in coop-

erative or project-based learning, and thought about how 

to enhance students’ interdisciplinary synthesis ability.11 

She hoped her students liked and benefited from her 

teaching. All this showed her enthusiasm for STEM edu-

cation. �ese specific strategies helped Sunjie move her 

integrated STEM teaching forward, and further inter-

nally kept her enthusiastic. Meanwhile, Sunjie mentioned 

that an enthusiastic explorer was very likely to have a 

sense of responsibility and would try her best to use 

various available strategies to overcome the difficulties 

effectively. Sunjie admitted that enthusiasm helped her 

develop her professional identity as an explorer. She also 

became more enthusiastic about what she was exploring 

after overcoming some difficulties as an explorer.

Undoubtedly, the exploration of integrated STEM 

teaching was very challenging. Sunjie described the 

exploration process briefly and her mixed emotions:

For each integrated STEM teaching, I revised and 

perfected the instructional designs, collected stu-

dents’ feedback, and reflected and analyzed teaching 

effects many times... Although [I] put a lot of effort, 

I still experienced a lot of unsuccessful teaching ... I 

experienced the emotions of enthusiasm, nervous-

ness, anticipation, and joy repeatedly almost every 

month.

Particularly, Sunjie repeated that it was challenging 

to shape a courageous explorer. She claimed that learn-

ing from mistakes, failures, and setbacks could help her 

become a better explorer.

What supported her in facing the challenges (e.g., 

colleagues’ misunderstandings, unsatisfactory teach-

ing effect, inactive students, etc.)? Sunjie emphasized 

the importance of enthusiasm for STEM education and 

regarded it as an inner fire that kept her going:

Enthusiasm for STEM education was [the] most 

important [support]... It gave me the motivation to 

keep active in doing what I loved and wanted to... 

I think that the process of being a STEM teacher 

requires faithful youthful enthusiasm and down-to-

earth efforts. �is process was a persistent climbing. 

Without enthusiasm, it was difficult to overcome 

many obstacles.

Sunjie admitted that she had suffered much exter-

nal pressure in some periods (e.g., she worried that her 

students would not do as well in the final exams as they 

had done before because of her incapacity to imple-

ment integrated STEM teaching, she worried that her 

colleagues would not understand and accept her teach-

ing, etc.). However, Sunjie told us that she gradually 

learned an active way to understand and regulate nega-

tive emotions. She tried to stay positive when negative 

emotions emerged. For instance, she gradually treated 

integrated STEM teaching with a common expectation, 

which helped reduce the nervous tension. In addition, 

she learned to consider her unsuccessful teaching as an 

opportunity to learn instead of something that made her 

sad. �ese strategies of emotion regulation, as important 

internal factors, helped Sunjie stay positive. Meanwhile, 

Sunjie’s self-motivation influenced her emotions. Sun-

jie realized that motivation usually comes from pres-

sure. She thought that her nervousness and anxiety made 

her work hard. In addition, working toward her dreams 

relieved her nervousness and anxiety.

10 Sunjie developed some semester-long projects for her monthly integrated 

STEM teaching. �ese projects could be divided into several subprojects or 

subtasks. In Sunjie’s monthly classrooms, the integrated STEM teaching 

was usually incorporated in project-based learning, and one subproject was 

focused on in the integrated STEM teaching. For example, the day before 

Sunjie’s teaching implementation, each student was given a worksheet. In the 

worksheet, Sunjie asked students to preview some background information 

that may be used on the following day. At the beginning of her classrooms, 

Sunjie introduced the subprojects. Subsequently, students were divided into 

groups/teams and guided to solve related tasks cooperatively. At the end of 

her classrooms, Sunjie helped analyze the problems that students encountered 

in their inquiry. She also guided students to present a knowledge network that 

related different knowledge and to identify the connections between different 

subprojects/subtasks. �is process improved students’ understanding of rel-

evant knowledge required by the curriculum standards.

11 In Sunjie’s first several teaching implementations, she found it was dif-
ficult for students to connect knowledge from different subjects. Some stu-
dents failed to grasp knowledge required by the curriculum standards when 
they enjoyed the pleasure of inquiries in the project-based learning. �is 
provoked criticism from her colleagues. Interdisciplinarity is an important 
characteristic of integrated STEM teaching. Sunjie stated that she was very 
upset and anxious about the problem. She asked her colleagues and instruc-
tional experts for suggestions, investigated the learning methods of students 
who performed well in her class, and explored different potential ways to 
enhance students’ abilities of interdisciplinary synthesis. Finally, Sunjie 
found it was useful to picture a knowledge network together with students. 
After each class, Sunjie guided students to construct a knowledge network 
that could be used to present what students learned in the project-based 
learning (in their project-based learning, students usually had many oppor-
tunities to learn interdisciplinary knowledge). �is process also helped 
students summarize what they learned and understand the connections or 
integration of different knowledge.
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During this period, mixed internal and external factors 

interacted and influenced Sunjie’s emotions. She encoun-

tered many external challenges and pressures (e.g., col-

leagues’ misunderstanding, unsatisfactory teaching 

effect, students’ inactiveness, students’ poor test scores, 

her school’s wavering support, etc.), which made her 

nervous and a little worried. Meanwhile, some internal 

factors (e.g., self-motivation, emotion regulation strate-

gies, specific strategies to move teaching forward, etc.) 

helped her stay positive and enthusiastic. In addition, 

education policies regarding STEM education played an 

important role in eliminating Sunjie’s negative emotions. 

�e critical external factor of education policies cannot 

be ignored as a factor in the change of Sunjie’s emotions.

Repositioned as a model STEM teacher: STEM curriculum 

reforms as external triggers of emotion

In September 2018, some school STEM curriculum ini-

tiatives were issued in Sunjie’s district, and many schools 

began strongly promoting STEM education. As Sunjie 

was one of the few experienced teachers in the field of 

integrated STEM teaching, many mathematics and sci-

ence teachers in her district came to observe her teach-

ing and communicated with her about STEM education. 

�is interaction between Sunjie and other teachers repo-

sitioned her as a model STEM teacher in her district. 

Although this situation made Sunjie more nervous, her 

enthusiasm for STEM education was further kindled 

when many more teachers became interested in inte-

grated STEM teaching. For instance, some of the inter-

ested teachers were very appreciative of the shift from a 

teacher-led classroom to a student-centered classroom. 

�ey believed that Sunjie’s attempts were aligned with 

what the new curriculum changes encouraged. In addi-

tion, some teachers agreed with Sunjie’s teaching ideas 

and considered it meaningful to integrate science with 

more disciplines. Many of these teachers told Sunjie that 

they wanted to follow her model to try integrated STEM 

teaching. �is made Sunjie very excited.

Actually, the external triggers of these school STEM 

curriculum changes influenced Sunjie’s emotions. Sun-

jie was repositioned as a model STEM teacher in her 

district. She received many positive comments from her 

colleagues. Moreover, the alignment between Sunjie’s 

attempts and what the education changes encouraged 

was recognized. �is externally strengthened Sunjie’s 

positive emotions.

A brief summary of Sunjie’s experience as an explorer

With regard to Sunjie’s experience as an explorer, 

enthusiasm and nervousness were her two dominant 

emotions. On the one hand, she was nervous and wor-

ried about her teaching effects and her colleagues’ 

and students’ attitudes toward STEM education. �is 

nervousness and worry made her feel insecure about 

her professional identity. “Could my integrated STEM 

teaching be accepted? Could I be an accepted and rec-

ognized STEM teacher?” Sunjie asked herself repeat-

edly. Meanwhile, she tried her best to learn how to 

regulate emotions and relieve stress. On the other 

hand, her enthusiasm for STEM education motivated 

her to be a better STEM teacher and keep going.

Both external and internal factors influenced Sunjie’s 

emotions. For instance, Sunjie regarded STEM educa-

tion policies as a support for her professional goal and 

identity and sources of her positive emotions. In addi-

tion, comments from colleagues and students, students’ 

performance, and social environments (e.g., the Chi-

nese traditional exam-centered culture) were powerful 

external factors influencing Sunjie’s mixed emotions. 

When meeting challenges, Sunjie can use some inter-

nal emotion regulation strategies to stay positive. �e 

irreplaceable internal factor of self-motivation was a 

powerful source of her enthusiasm. Both external and 

internal factors intertwined to impact her mixed emo-

tions. �ese emotions further played an important role 

in shaping Sunjie’s professional identity as an explorer 

in the background of STEM curriculum reforms.

Sunjie gradually enhanced her understanding of the 

professional identity as an explorer. At first, she defined 

herself as an explorer when she had the opportunities 

to implement integrated STEM teaching. However, 

she may not know the in-depth meaning of an explorer 

clearly. After experiencing a failure of integrated STEM 

teaching and an intense inner struggle, she understood 

that an explorer must encounter many difficulties and 

struggles. When she faced more difficulties and strug-

gles, she realized that an explorer should learn from 

mistakes, failures, and setbacks. Also, she realized 

that the process of overcoming difficulties may help 

her become a better explorer. With the improvement 

of the understanding of her professional identity as an 

explorer, Sunjie regulated her emotions when facing 

failure and challenges. She did not feel as intense and 

anxious as she felt during her first failed teaching. She 

took her unsuccessful teaching as an opportunity to 

learn rather than thought it as the origin of her sadness. 

All these further showed that the formation and devel-

opment of professional identities impacted teacher 

emotions. Moreover, Sunjie admitted that enthusiasm 

helped her cultivate her professional identity as an 

explorer, and when her professional identity was devel-

oped (e.g., she overcame some difficulties), she became 

more enthusiastic about what she was exploring. �is 

indicated the two-direction interactions between her 

emotions and professional identities.
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Thread 3: an excited but unsatis�ed mentor

In September 2018, the education department in Sun-

jie’s district issued another local initiative to promote 

STEM education and curriculum changes. �is initiative 

included a more detailed plan encouraging science teach-

ers to develop and implement integrated STEM curricula 

in their schools. Against the background of this initia-

tive, Sunjie built a STEM teaching studio12 and became 

a mentor who voluntarily trained young teachers to learn 

and implement integrated STEM teaching. As for the 

original intention to build the studio, Sunjie explained:

So many stories with STEM education happened 

to me. To some degree, [my stories] heavily stimu-

late my enthusiasm for STEM education... With 

this strong enthusiasm, I always thought I could do 

more to better promote ... the STEM education in my 

district... Since the new initiative encouraged young 

teachers to try integrated STEM teaching, many of 

them wanted to follow [the initiative]... �us, it is 

a very good opportunity for me to contribute to the 

reform.

�is statement revealed that Sunjie’s strong enthu-

siasm was a driving force for the transformation of her 

professional identities between explorer and mentor. As 

a mentor, Sunjie shared her STEM teaching experiences 

with her mentees. During her mentees’ implementation 

of integrated STEM teaching, she provided comments 

about their implementations to help improve their teach-

ing abilities. All mentees designed the lesson plans, dis-

cussed the solutions to problems encountered in their 

designs and implementations, observed teaching videos, 

and analyzed students’ feedback together with Sunjie. 

Sunjie told us that she was very excited to be a mentor in 

the studio: “Nothing was more exciting than implement-

ing integrated STEM teaching with a group of enthusi-

astic young explorers”. Meanwhile, this excitement was 

related to her mentees’ performance, school leaders’ and 

instructional experts’ recognition and encouragement, 

and teachers’ attitudes toward STEM education reform. 

As Sunjie said,

We implemented many successful STEM teaching 

together after hard work together. I witnessed my 

mentees’ progress in integrated STEM teaching... 

Many leaders, experts, and researchers recognized 

our teaching implementation and gave us different 

kinds of encouragement and support... Meanwhile, 

there were more and more like-minded young teach-

ers actively participating in the implementation of 

the reform around us... [All these things] made me 

very excited.

While excited by the growing influence of integrated 

STEM teaching in her district, she still felt unsatisfied 

because of some resistance to the reform and the gap 

between ideal and reality in her mentees and teaching. 

Sunjie wrote about her un-satisfaction in her diary:

Although some initiatives about STEM education 

have been issued... [by the local education depart-

ment], some school principals and leaders still do 

not respond to it actively. �is situation created 

blocks for some young teachers who are interested in 

integrated STEM teaching... I know that it is com-

mon that some people may be cautious or conserv-

ative about new initiatives. However, I hope that 

integrated STEM teaching will be implemented in a 

larger scale and in a greater depth.

In the interview, she said, “I often demanded my men-

tees to better implement integrated STEM teaching 

and expected our teaching should achieve more ideal 

effects… However, many of the real teaching effects did 

not meet my expectations”.

During the year as a mentor, Sunjie communicated 

with and interviewed many principals, experts, and 

STEM teachers. After one year as a mentor, Sunjie told us 

that she was often excited about the changes in students, 

teachers, and other stakeholders:

I find that more and more students are attracted by 

integrated STEM teaching... Researchers and par-

ents pay more attention to STEM education... And, 

more and more schools get really involved in the 

STEM curriculum reforms... All these changes are 

very exciting.

�ese changes in stakeholders showed the potential of 

STEM education in China, which made Sunjie particu-

larly excited. As she told us, “Although STEM education 

started late in China, it shows a strong momentum of 

development and strong vitality. I am particularly excited 

about that”. Furthermore, these changes helped Sunjie 

realize the meaning of her professional identity as a men-

tor, that is, a mentor should contribute to these success-

ful education changes.

After deeply realizing the values of STEM education, 

Sunjie believed that such education was particularly 

needed because innovation is strongly promoted across 

the country. She had strong confidence in the prospects 

of STEM education in China. However, as a mentor, 

12 A STEM teaching studio is a learning community that aims to help its 

members develop their profession in STEM teaching. One expert teacher is 

the mentor of this community. All members from various schools are young 

teachers who are interested in implementing integrated STEM teaching. 

Teaching studios are common in Mainland China (Wang et  al., 2017; Wang 

et al., 2018).
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Sunjie had a deeper understanding of problems in the 

STEM curriculum reforms. She expressed some concerns 

to us in a conversation. Sunjie was a little unsatisfied with 

the traditional culture of conformism and examination-

oriented teaching because they could make many peo-

ple reluctant to change and, thus, slow STEM education 

reform. Most importantly, she emphasized that teach-

ers were at the heart of the reforms and spent too much 

effort on integrated STEM teaching while often lacking 

support and attention:

Teachers are often said to be emotional laborers. 

I want to add that STEM teachers are like crazy 

people because they have to put their emotions into 

studying and teaching regardless of the cost. �eir 

efforts are out of proportion to what they get... �ey 

are silent and courageous implementers of reforms, 

while they haven’t gotten enough care and support 

they need... I hope this unsatisfactory situation can 

be improved.

All these concerns helped Sunjie realize the respon-

sibility of the professional identity as a mentor. As she 

stated, a mentor should help more explorers go out of 

“the shell”.

Generally, Sunjie, as a mentor, felt excited because 

she saw some of the successes of the STEM curriculum 

reforms in China. In addition, Sunjie felt unsatisfied with 

the situation of STEM education because she encoun-

tered some issues and challenges with STEM education 

reforms. As she concluded, these were the two sides of 

reform. Teachers were always experiencing both posi-

tive and negative emotions in the reforms. Sunjie further 

stated that the mixed emotions of excitement and un-

satisfaction stimulated her to be an excellent mentor and 

make more contributions to the development of STEM 

education in her district.

Discussion

�e findings reveal that the development of teacher emo-

tions and the formation and transformation of teacher 

professional identities are not simple and linear pro-

cesses, but can be understood as multi-level and open 

systems with interactions (e.g., principals, colleagues, 

students, and experts), interrelationships (e.g., the per-

sonal characteristics, teaching philosophy, ideal concept 

of education, school climate, education policies of STEM 

education, successes and challenges of STEM education 

reform in China, realities of STEM education in China, 

traditional Chinese classroom culture, and Chinese 

socio-cultural backgrounds), and interdependencies of 

elements (e.g., the similarities and differences in views of 

STEM education and STEM curriculum reforms at dif-

ferent stages). �is finding is aligned with prior studies on 

teacher professional identities (Leigh, 2019; Li & Craig, 

2019; Schutz et al., 2018) or emotions (Chen, 2016; Tsang 

& Kwong, 2017; Zhang, 2020), which emphasize the com-

plexities of teacher professional identities or emotions. In 

addition, this current study further justified the close and 

strong relationship between teacher professional identi-

ties and emotions by focusing on a STEM teacher’s pro-

fessional identities and emotions in the context of STEM 

education reforms.

Teacher emotion is an indispensable component of the 

construction and development of teachers’ professional 

identities. First, in line with previous studies (Timoštšuk 

& Ugaste, 2012; van Veen & Sleegers, 2009), this current 

study found that positive emotions helped reinforce Sun-

jie’s professional identities. For instance, Sunjie especially 

emphasized that her interest in and enthusiasm for inte-

grated STEM teaching were the driving forces that kept 

her committed to her professional aspirations. �ese 

positive emotions motivated her to pursue professional 

identities at different stages. Furthermore, she recog-

nized that she could not keep going without the support 

of these positive emotions. Second, this current study 

found that negative emotions did not always threaten a 

teacher’s professional identities, which is different from 

van Veen and Sleegers’s (2009) statement. If a teacher like 

Sunjie was able to appropriately treat and regulate nega-

tive emotions, then negative emotions may speed up the 

transformation and formation of that teacher’s profes-

sional identities. For instance, Sunjie claimed that moti-

vation usually comes from pressure. As she stated, her 

worry about the integrated STEM teaching effect pushed 

her to work harder to be a better explorer. In addition, 

Sunjie’s un-satisfaction with STEM education inspired 

her to do as much as she could to take ownership of the 

STEM curriculum reforms and make more contributions 

to the development of STEM education in her district. 

Her un-satisfaction further helped her become a bet-

ter mentor. In fact, it is normal for teachers, especially 

STEM teachers, to experience negative emotions in iden-

tity construction. Crucially, as Sunjie argued, teachers 

must have the capacity to regulate these negative emo-

tions. For example, they can correctly consider pressure 

as a source of motivation. Because of the high demands 

of STEM education reform, STEM teachers must realize 

that opportunities and challenges have always co-existed 

and that negative and positive emotions are intertwined. 

�erefore, STEM teachers must learn to deal with the 

relationship between negative and positive emotions and 

to allow positive emotions to dominate their professional 

lives.

Because Sunjie emphasized the importance of the 

capacity to regulate emotions, it is meaningful to find 

out how she used internal strategies to eliminate negative 
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emotions and generate positive emotions. According to 

Taxer and Gross’s (2018) and Gross’s (2015) classification, 

Sunjie’s strategies included mainly situation modifica-

tion, attentional deployment, and cognitive change. For 

instance, Sunjie practiced her integrated STEM teach-

ing in different ways. �is type of situation modification 

helped her avoid the undesirable situations that occurred 

in her first teaching. Additionally, Sunjie improved her 

emotions by focusing on the alignment between what 

she was doing and what the education reform policies 

encouraged. �is attentional deployment helped her walk 

out of the frustrating classroom situations and increased 

her enthusiasm. As for cognitive change, Sunjie learned 

to treat her unsuccessful teaching as something from 

which she could learn rather than something that made 

her sad. �ese useful and effective strategies of emotion 

regulation can be recommended for STEM teachers who 

are struggling under the STEM education reforms. How-

ever, the effectiveness of these regulation strategies often 

depends on specific classroom situations (Taxer & Gross, 

2018). �erefore, how STEM teachers regulate their emo-

tions in specific STEM classroom situations still needs to 

be investigated in the future.

Because positive emotions are of great help in reinforc-

ing STEM teachers’ professional identities, it is meaning-

ful to find the sources. El Nagdi et al. (2018) emphasized 

that consistency or alignment between teachers’ teaching 

philosophy and understanding of STEM is essential for 

developing professional identities. In this current study, 

we found that consistency or alignment played a signifi-

cant role in the generation of Sunjie’s positive emotions 

and in the emotional construction of Sunjie’s professional 

identities. For instance, Sunjie stated that her interest in 

STEM education came from such a consistency. Also, she 

considered integrated STEM teaching to be an effective 

teaching model about which she was enthusiastic. We 

may conclude that when STEM teachers have a deeper 

understanding of STEM education and its values, as well 

as the connections between the ideas of STEM education 

and their teaching philosophy, they are more likely to be 

interested in and willing to try integrated STEM teach-

ing. In other words, one of the prerequisites for teach-

ers to generate sustainable positive emotions is for them 

to realize the values of STEM education. In this sense, 

teachers’ beliefs in STEM education may influence their 

emotions as internal sources.

Meanwhile, it was found that Sunjie had a high level 

of self-motivation (i.e., Sunjie’s ability to motivate her-

self to perform difficult and challenging tasks), which 

is an essential internal source of her positive emotions. 

�is current study confirmed prior findings that teachers 

with high self-motivation are more likely to up-regulate 

positive emotions (e.g., Kamila et al., 2014). For instance, 

although Sunjie knew that she would encounter numer-

ous challenges and difficulties, she motivated herself to 

make more efforts to be a great STEM teacher and stay 

enthusiastic to overcome challenges. Also, as an explorer, 

Sunjie stated that she always motivated herself to stay 

active in doing what she loved and wanted to do. Self-

motivation helped her remain enthusiastic. �erefore, 

self-motivation might be regarded as one of the most sig-

nificant determinants of teachers’ positive emotions.

In addition to the aforementioned internal sources 

(e.g., emotion regulation strategies, personal beliefs in 

STEM education, self-motivation, etc.), two main exter-

nal sources of Sunjie’s positive emotions are scrutinized. 

First, as long as related educational policies confirmed 

Sunjie’s belief that her exploration of integrated STEM 

teaching was valuable, then this belief further increased 

her enthusiasm. �is indicates the important role of edu-

cational policies (including national reform policies and 

local supporting policies) in influencing STEM teach-

ers’ emotions. Second, school climate (i.e., colleagues’ 

encouragement and school leaders’ and experts’ rec-

ognition) supported Sunjie’s quest for a better explorer 

and mentor. For instance, before Sunjie first integrated 

STEM teaching, her colleagues’ positive comments made 

her more enthusiastic about what she was interested 

in. Additionally, when Sunjie’s and her mentees’ teach-

ing implementations were recognized by many leaders, 

experts, and researchers, Sunjie felt very excited. �ere-

fore, these two external sources contributed to Sunjie’s 

self-realization in the STEM curriculum reforms and 

helped her generate positive emotions. Because of this, 

related STEM educational policies could be created for 

the development of STEM education, and a supportive 

school climate for STEM education reforms could be 

cultured.

�is current study extends Bybee’s (2010) conceptu-

alization by developing a conceptual framework for the 

relationships among STEM teacher emotions, STEM 

teacher professional identities, and successful STEM 

education changes under the STEM education reform 

(see Fig.  1). Our findings provide initial empirical evi-

dence regarding the relationships within the conceptual 

framework. Actually, the relationships within the concep-

tual framework not only further confirm Bybee’s (2010) 

model that the process of creating new or multiple pro-

fessional identities would influence and be influenced 

by the process of education changes, but also indicate 

that teacher emotions would influence and be influ-

enced by the process of creating new or multiple profes-

sional identities. �ese three processes (i.e., the process 

of education changes, the process of creating new or 

multiple professional identities, and the generation pro-

cess of teacher emotions) are intertwined and developed 
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with each other. In the background of STEM education 

reforms, STEM teachers’ negative emotions, caused by 

STEM education reforms, is an urgent issue. Meanwhile, 

all stakeholders must face and solve this issue from the 

development of STEM education. We hope the concep-

tual framework will provide a perspective for developing 

a solution to this issue.

It is necessary to mention that our participant, Sunjie, 

is female, while female is significantly underrepresented 

in STEM fields (Cotner et  al., 2020; Dancy et  al., 2020; 

Kaleva et  al., 2019; Kricorian et  al., 2020; Rainey et  al., 

2019). After experiencing a number of challenges and dif-

ficulties, Sunjie was still positive and had her professional 

dreams. Sunjie’s journey demonstrates her courage, moti-

vation, and persistence in STEM fields as a female STEM 

teacher. �is is aligned with Chinese gender norms, 

that is, women are capable of holding up half the world. 

Female STEM teachers’ emotions and identities may be 

influenced gender norms. However, such underlying 

influencing mechanisms need further investigations.

Conclusion and implications

Employing a narrative inquiry approach, this study pro-

vides a series of vivid and dynamic pictures of a STEM 

teacher’s emotions and professional identities against the 

background of STEM education reform in China from 

a 3-year longitudinal perspective. Positive and negative 

emotions were intertwined in Sunjie’s experiences as a 

learner, explorer, and mentor. �ese emotions helped 

construct and shape Sunjie’s professional identities and 

encouraged her to be the best STEM teacher that she 

could be. �is study contributes to the theoretical and 

practical understanding of teachers’ emotional change 

and constructions of professional identities under STEM 

education reforms, which have been studied in few Asian 

settings.

For the theoretical aspect, our findings extend Bybee’s 

(2010) conceptualization by indicating that the three pro-

cesses (i.e., the process of education changes, the process 

of creating new or multiple professional identities, and 

the generation process of teacher emotions) are inter-

twined and developed with each other under the STEM 

education reform. Particularly, we argue that negative 

emotions may speed up the transformation and forma-

tion of teacher professional identities, which reinforces 

Veen and Sleegers’s (2009) theoretical perspective. Fur-

thermore, although the complexities of teacher emo-

tions and professional identities have been emphasized 

in prior studies (Chen, 2016; Leigh, 2019; Li & Craig, 

2019; Schutz et al., 2018; Tsang & Kwong, 2017; Zhang, 

2020), our findings further confirm these complexities in 

the context of STEM teacher education. Meanwhile, the 

current study supports the idea that the development of 

STEM teacher emotions and the formation and transfor-

mation of STEM teacher professional identities can be 

understood as a multi-level and open system. During this 

process, various internal/personal and external (includ-

ing social, cultural, and contextual) factors are interwo-

ven to create strong effects on STEM teachers’ emotional 

experiences and to provoke both positive and negative 

emotions. �ese mixed emotions either strengthen or 

weaken STEM teacher professional identities. Figure  3 

summarizes the research findings and theoretical contri-

butions within the conceptual framework.

For the practical aspect, this study would help promote 

STEM education reforms and STEM teacher develop-

ment as follows.

Hargreaves (1997) argued that “if educational reformers 

ignore the emotional dimensions of educational change, 

emotions and feelings will only re-enter the change 

process by the back door” (p. 108–109). Also, James 

and Connolly (2000) claimed that “responses to change 

may be influenced by very powerful non-rational emo-

tional forces” (p. 146). �is study further called for more 

attention on teacher emotions under STEM education 

reforms. �e main body in the education and curriculum 

reforms is people, among whom the most important ones 

are teachers (Huang & Liu, 2020). A teacher should be 

treated as a person with rich emotional experiences and 

inner worlds instead of as a machine for implementing 

reform measures. �erefore, we suggest that policymak-

ers, administrators, researchers, and other stakehold-

ers pay more attention to teachers’ various emotional 

experiences in the process of education changes, espe-

cially negative emotions, and help teachers reduce the 

negative effects of negative emotions. In China, many 

STEM teachers are science or math teachers before they 

become involved in STEM education and curriculum 

reforms. �is implies that they must transform their pro-

fessional identities and make efforts to meet the funda-

mental requirements of STEM education and curriculum 

reforms. Because STEM teaching is challenging, teachers 

are more likely to experience negative emotions in the 

identity transformation. Relevant stakeholders can widen 

the emotional expression channel for teachers (e.g., cre-

ate a supportive school climate and a culture of trust, 

provide teachers with psychological counseling, and 

guide teachers in releasing their emotions naturally), help 

teachers practice the strategies of emotion regulation, 

analyze the emotions behind the social, cultural, moral, 

contextual, and professional factors, provide a variety of 

supports for STEM teachers (e.g., create policies to help 

eliminate unfavorable factors of STEM teachers’ positive 

emotions), and help teachers better construct their pro-

fessional identities. When STEM teachers are released 

from tired emotional labor, they will play a significant 
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role as supporters in advocating for and implementing 

STEM reform initiatives.

Teacher emotion is a significant aspect of STEM 

teacher professional development. Teacher educators 

can help STEM teachers realize the roles of emotion in 

identity construction by analyzing the cases involving 

dealing with various emotions generated in the STEM 

education reforms. Furthermore, teacher educators can 

encourage STEM teachers to take action to contribute to 

the development of STEM education under the chang-

ing education climate. When more STEM teachers are 

likely to transform and shape professional identities with 

more positive emotions, the subtle positive relationship 

between teacher professional development and STEM 

education development could be better built in the 

future.

Without minimizing the limitations of this study, it 

is important to recognize that understanding a STEM 

teacher’s emotions and professional identities in the 

context of Shenzhen, one of the most open and devel-

oped cities in China, is illuminating, as the participant is 

at the forefront of the STEM education and curriculum 

reforms. Furthermore, it is necessary to recognize that 

STEM education reforms have not been fully imple-

mented in most rural areas of China. Future research is 

needed to understand STEM teachers’ emotions and 

professional identities in these rural areas, where related 

local support is weak. Also, more work is needed to 

understand whether and how these reported changes in 

emotions and professional identities of a STEM teacher 

influence their instructional behaviors, qualities of inte-

grated STEM teaching, and students’ learning outcomes 

under the STEM curriculum reforms. Besides, we rec-

ommend that more attention can be paid to the under-

represented groups (e.g., female STEM teachers). In 

addition to their professional identities, their personal 

Fig. 3 A conclusion of the research findings and theoretical contributions
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identities and emotions as women in STEM fields need 

to be explored as well. It is also meaningful to investi-

gate how underlying gender norms affect their emotions 

and identities. Last but not least, prior studies found that 

teacher emotions and teachers’ display of emotions may 

be affected by cultural factors (Hayik & Weiner-Levy, 

2019; Mendzheritskaya & Hansen, 2019). Further studies 

are needed to explore how STEM teacher emotions are 

potentially impacted by Asian educational culture (e.g., 

rote learning, teacher-directed, exam-oriented, etc.) and 

how STEM teachers’ display of emotions are potentially 

impacted by Confucian culture (e.g., require individuals 

to be implicative, etc.).

Appendix

Some interview questions used:

Section 1 Overall 3-year experiences related to STEM 

education.

1. Could you please review your overall 3-year experi-

ence related to STEM education?

Section 2 Different emotions at different stages

2. What kinds of emotions did you experience when 

you learned STEM education in the US (from Sep-

tember 2016 to March 2017)? Would you please 

share with us the emotional journey when you were a 

learner?

3. What kinds of emotions did you experience when 

you implemented integrated STEM teaching in 

your school (from March 2017 to September 2018)? 

Would you please share with us the emotional jour-

ney when you were a teacher?

4. What kinds of emotions did you experience after you 

became a mentor (from September 2018 to Septem-

ber 2019)? Would you please share with us the emo-

tional journey when you were a mentor?

Section  3 Formations and transformations of profes-

sional identities.

5. Why did you choose to learn STEM education in 

the US? Meanwhile, you experienced both positive 

and negative emotions when you were a learner. Did 

these emotions influence your professional identity 

as a learner? Why?

6. Why did you choose to implement integrated STEM 

teaching after you came back to your hometown? 

Meanwhile, you experienced both positive and nega-

tive emotions when you were an explorer. Did these 

emotions influence your professional identity as an 

explorer? Why?

7. Why did you want to be a mentor? Meanwhile, you 

experienced both positive and negative emotions 

when you were a mentor. Did these emotions influ-

ence your professional identity as a mentor? Why?

Section 4 Chinese STEM education reforms.

8. What do you think of Chinese STEM education and 

STEM education reforms?
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