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Abstract 

Research findings: This study aims to explore the relationships between Scientific Epistemic 

Beliefs (SEB), Science Teaching Beliefs (STB) and Science-specific Pedagogical Content 

Knowledge (Science-PCK) in preservice kindergarten teachers from China. Altogether 987 

preservice teachers were randomly sampled from a teacher education institution and were 

invited to complete Scientific Epistemic Beliefs Scale, Teachers’ Science Teaching Beliefs 

scale, and Science-PCK scale. Their personal information (such as age, gender and family 

income) was collected, and their work-orientated interest and anxiety were also surveyed. 

CFA and path analysis generated a model with excellent fit, CFI = .946, TLI = .886, 

NFI=.923, RMSEA = .045, X2 = 29.864, df = 10, p < .001. This model indicated that: (1) SEB 

strongly predicted STB and Science-PCK; (2) Science teaching anxiety partially mediated the 

association between SEB and STB; (3) STB partially mediated the association between SEB 

and Science-PCK; and (4) STB was a full mediator between Year/SES/Interest and Science-

PCK.  

Practice or Policy: ECE teacher education program should be improved to pay more 

attention to SEB and STB training and to cater to individual differences in terms of Anxiety 

and SES backgrounds. 

Keywords: Science-specific PCK, Scientific Epistemic Beliefs, Science teaching beliefs, 

preservice kindergarten teachers, teacher education 
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Exploring the Relationships between Scientific Epistemic Beliefs, Science Teaching Beliefs 

and Science-specific PCK among Pre-service Kindergarten Teachers in China 

 

Recent studies have tended to focus on preservice teachers' pedagogical content 

knowledge (PCK) (Appleton, 2008), as a response to the call for improving early science 

education. Many studies have found that science epistemic beliefs (SEB) play a crucial role 

in developing preservice teachers’ scientific teaching beliefs (STB) and science PCK (Luft & 

Roehrig, 2007; Yilmaz-Tuzun & Topcu, 2008).  And some personal factors such as SES, 

degree, and interest in what they learn or work have proved to be associated with preservice 

teachers’ learning outcome such as science PCK (Caldas & Bankston, 1997; Perry & 

McConney, 2010). However, all these influencing variables are highly interrelated in the 

association between teachers’ SEB, STB, and PCK thus need a large-scale study to model the 

hierarchical relationships. Accordingly, this study has conducted a large-scale survey with 

preservice kindergarten teachers from China to explore the relationships between their 

personal background, SEB, STB, and science PCK. 

Epistemic Beliefs (EB) and Science Epistemic Beliefs (SEB)  

Epistemic beliefs (or ‘epistemological beliefs’, EB) refer to an individual’s beliefs 

about the nature of knowledge and knowing (Hofer & Pintrich, 1997). It consists of the five 

constructs originally proposed by Schommer (1990): the structure, certainty, the source of 

knowledge, the control, and the speed of knowing. Based on a systematic review, Hofer and 

Pintrich (1997) further proposed a more established four-dimension construct of EB to 

include the certainty of knowledge (is knowledge more fixed or fluid?), simplicity of 

knowledge (is knowledge accumulation of facts or interrelated concepts?), source of 

knowledge (does knowledge originate from external authority or self-construction via 

interaction with others?), and justification for knowing (how was the knowledge claims 
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justified?). EB has long been considered as a critical factor influencing students’ cognition, 

learning process, and academic performance (e.g., Winberg, Hofverberg, & Lindfors, 2019; 

Tsai et al., 2011; Kizilgunes, Tekkaya, & Sungur, 2009; Ozkal et al., 2009; Cano, 2005; 

Schommer, 1990, 1993), thus attracting more and more researchers to investigate the impact 

of EB on teaching and learning processes (Hofer & Pintrich, 1997). In the past decades, EB 

has proved to be a vital indicator of evaluation as well as a critical predictor of the 

professional preparation of early childhood preservice teachers. For example, Stacey et al. 

(2005) used the EB questionnaire (Schommer, 1990, 1998) to measure the changes of 65 

preservice teachers’ EB in a professional development program. Similarly, Brownlee et al. 

(2011) have also used the EB survey (Wood & Kardash, 2002) to measure preservice 

teachers' EB as they participated in an intervention program of collaborative, reflective 

practice. However, all these EB studies have simply focused on the association between 

teachers’ EB and general professional development, leaving those subject-related EB 

understudied. EB is a comprehensive belief system to indicate the epistemology towards all 

kinds of knowledge and could be developed into different domain-specific EBs such as the 

science-specific EB, the math-specific EB and so on (Buehl & Alexander, 2005; Muis, 

Bendixen, & Haerle, 2006; Schommer & Walker, 1995). This study will focus on the science-

specific EB rather than the general EB as it is investigating the teaching and learning of 

science in the early years.  

Science Epistemic Belief (SEB) is a domain-specific EB focusing on the subject of 

science and revealing the beliefs and views about science knowledge and the process of 

learning and teaching science (Liang & Tsai, 2010; Tsai et al., 2011; Muis, Bendixen, & 

Haerle, 2006). Chai et al. (2006) suggest that teachers' SEB should be explored when 

investigating the reality and teachers' competence in teaching science. And the existing 

studies have found that SEB is broadly associated with learners’ approaches to learning 
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science (Liang, Lee, & Tsai, 2010), conceptions of learning science (Liang & Tsai, 2010; 

Tsai et al., 2011; Ho & Liang, 2015; Lee, Liang, & Tsai, 2016), the motivation of learning 

science (Chen & Pajares, 2010; Ho & Liang, 2015), self-efficacy of learning science (Tsai et 

al., 2011; Kapucu & Bahçivan, 2015), and science achievement (Chen & Pajares, 2010; 

Stathopoulou & Vosniadou, 2007). Based on these findings, we hypothesized that SEB might 

also influence preservice teachers’ learning to teach science during the professional 

preparation period. 

The measurement of EB has been thoroughly explored, and several instruments have 

been well established, such as the EB questionnaire (Schommer, 1990), the EB inventory 

(Schraw, Bendixen, & Dunkle, 2002), and the EB survey (Wood & Kardash, 2002). The 

measurement of SEB, however, should be contextualized, as it is a belief system that varies 

across research populations (i.e., age groups) and contexts (Sinatra, Kienhues & Hofer, 2014; 

Lindfors, Winberg & Bodin, 2017). For instance, Lindfors, Winberg & Bodin (2017)  adapted 

the EBS by Wood and Kardash (2002) and that by Hofer (2000) to develop a comprehensive 

SEB questionnaire to examine the SEB among high-school students. It has seven dimensions 

including speed of knowledge acquisition, simplicity, characteristics of successful students, 

knowledge construction and modification, attainability of objective truth, certainty of 

knowledge, and structure of knowledge. As it had been widely used to study high school and 

college students, the SEB questionnaire developed by Lindfors et al. (2017) was also adapted 

and employed in this study. 

Science Teaching Beliefs (STB) 

Teachers' teaching beliefs reflect their views, values and attitudes towards teaching 

that have proved to be influencing their teaching practices (Richardson, 2003; Roehrig, 

Kruse, & Kern, 2007; Wallace & Kang, 2004). In the field of early childhood education, 

Charlesworth et al. (1991, 1993) developed a self-report questionnaire to understand 
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kindergarten teachers’ beliefs and practices based on the guidelines for developmentally 

appropriate practice (DAP) of the National Association for the Education of Young Children 

(NAEYC). This questionnaire has been adopted in many international studies on teachers’ 

teaching beliefs and has been developed into different validated versions (e.g., Leung, 2012; 

Hegde & Cassidy, 2009; Kim & Buchanan, 2009; Abu-Jaber, Al-Shawareb, & Gheith, 2010; 

Wang et al., 2008; Vartuli, 1999). Science teaching beliefs (STB), however, is a belief system 

focusing on the subject of science and influencing the teaching practices and child outcomes 

(Cobern & Loving, 2002; Gerde et al., 2018; Oppermann, Brunner, & Anders, 2019). In 

particular, preservice teachers are still developing their STB during the period of teacher 

profession preparation. It is thus of great of theoretical and practical importance to understand 

how preservice teachers develop their science teaching beliefs (STB). 

To examine kindergarten teachers’ STB, Maier, Greenfield and Bulotsky-Shearer 

(2013) developed and validated a new rating scale (P-TABS scale) that has three main 

constructs: (1) teacher comfort: teachers’ comfort of teaching science; (2) child benefit: 

teachers’ perceived benefits of science for children; and (3) challenges: the challenges 

encountered in teaching science. Maier et al. (2013) indicated that although the factor of 

challenges had relatively lower reliability in their validation, it should be included as it 

reflected teachers’ perceived difficulties in teaching science (Maier et al., 2013). Very 

recently, Pendergast, Lieberman-Betz and Vail (2017) surveyed 112 prekindergarten teachers 

using this P-TABS scale and found that they shared the feeling of inadequacy and anxiety 

regarding their own science content knowledge and pedagogical knowledge for supporting 

young children’s scientific learning. Nevertheless, the P-TABS scale has proved to be 

suitable and effective to examine early childhood teachers’ STB, thus was adopted in this 

study to measure Chinese preservice teachers’ STB.  
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Science-specific Pedagogical Content Knowledge 

Pedagogical Content Knowledge (PCK), coined by Shulman (1986), refers to the 

system of knowledge for teaching and learning (Park & Oliver, 2008). And science-specific 

PCK refers to what teachers know about the subject of science and what they know about the 

act of learning and teaching science. Barenthien et al. (2018) further developed the concept of 

science-specific PCK to mainly include kindergarten teachers’ knowledge about pedagogical 

strategies of teaching science and children’s scientific cognition. Teachers’ science-specific 

PCK has an indirect impact on young children’s science learning (Schneider & Plasman, 

2011) through the quantity and quality of science learning provision in early childhood 

settings (Barenthien, Lindner, Ziegler, & Steffensky, 2018; Gropen, Kook, Hoisington, & 

Clark-Chiarelli, 2017). This indicates that enhancing teachers’ science-specific PCK will 

possibly improve early science learning and teaching and eventually, advance young 

children’s science literacy.  

To develop their science-specific PCK, teachers need to acquire an understanding of 

science, general pedagogy, and their teaching context (Schneider & Plasman, 2011). In the 

field of early childhood education, teachers should have the knowledge about the science 

subject, the effective strategies for teaching science, and the understanding of children’s 

common conceptions and difficulties in learning science (Johnston & Ahtee, 2006). Aligning 

with this conceptualization, Liang et al. (2013) included some similar items in their 

technological pedagogical and content knowledge (TPACK) survey to assess kindergarten 

teachers’ knowledge of using pedagogical strategies to forester children’s scientific 

understanding of technology. This TPACK (Liang et al., 2013) has included one separate 

construct on science-specific PCK, which focuses on science teaching thus could be adapted 

in this study to survey preservice teachers.  
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Relationships between SEB, STB, and PCK 

The relationships between EB/SEB, STB, and PCK have been explored since the turn 

of this millennium. Tsai (2002) used the term "nested epistemologies" (p. 777) to describe the 

system of beliefs about teaching science, learning science, and the knowledge of science. In a 

recent multi-case study, Bahçivan (2016) explored three preservice science teachers’ complex 

belief systems, including their EB, beliefs toward science teaching (or STB), and PCK. It was 

shown that these teachers' EB was not directly related to their teaching beliefs and PCK. But 

this study only examined the general EB rather than the Science-specific EB (SEB), leaving 

the associations among preservice teachers’ SEB, STB and PCK still unknown.  

The existing studies on the relationship between SEB and STB generally adopted a 

qualitative approach. For instance, Brownlee, Berthelsen, and Boulton-Lewis (2004) studied 

the caregivers in early childcare centers and found those who held relativistic EB tended to 

hold constructivist teaching beliefs. Güneş and Bahçivan (2018) found that preservice science 

teachers' SEB positively affected their constructivist teaching beliefs (STB) and negatively 

predicted their traditional teaching beliefs (STB) (Hammer & Elby, 2003). And the studies on 

the relationships between STB and PCK also employed a qualitative approach. For instance, 

Johnston and Ahtee (2006) found that preservice teachers’ confidence in PCK was positively 

linked to their STB. In sum, to the best of our knowledge, most of the studies have adopted 

the qualitative approach to examine the relationships between SEB, STB and PCK among 

teachers or preservice teachers. As suggested by Tsai (2002), the quantitative approach 

should be employed to explore the associations among SEB, STB, and PCK with a large-

scale sample of teachers from varying experiences and cultural backgrounds. Accordingly, 

this study is thus dedicated to filling this knowledge gap by exploring the relationships 

between SEB, STB, and PCK in the preservice kindergarten teachers in China, a large-scale 

but understudied population. 
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The Context of This Study 

        Teacher as the learner during the preservice training period to teach has been widely 

explored (Kagan, 1992; Joram & Gabriele, 1998; Richardson, 1996; Richardson, 2003). 

During this period, preservice teachers are both students and teachers thus have to establish 

their beliefs about the learning as well as the teaching of the subjects such as science, literacy, 

and numeracy (Chan, 2003; Chan & Ellliott, 2004). On the one hand, as a learner, they have 

to learn about STB and PCK, which may complement with and influence each other 

(Johnston & Ahtee, 2006; Lin, Gorrell & Silvern, 2001; Tsai, 2002). On the other hand, as a 

teacher, they have to develop their own SEB and STB and eventually develop their PCK, 

which are inextricably influenced by the changing epistemic beliefs (Güneş and Bahçivan, 

2018; Hammer & Elby, 2003). It is thus theoretically as well as practically important to 

explore the relationships between SEB, STB, and PCK in preservice teachers.   

        However, preservice teachers’ SEB, STB and PCK are changing over time and varying 

across cultures (Tsai, 2000). Therefore, it is critical to take into account their cultural 

backgrounds and personal experiences when modelling the relationships among SEB, STB 

and Science-PCK. In particular, the learning achievement of preservice teachers might be 

affected by various personal factors such as their interest, personality, anxiety, years in 

college, and SES (Bainbridge & Lasley, 2002; Frambach et al., 2012; Trumbull & Rothstein-

Fisch, 2011; Xiang, Lee & Solmon, 1997). Chinese preservice teachers have a unique cultural 

background that has incorporated different ideologies and models from other cultural 

contexts, including Japan, the former Soviet Union, and the United States (Li & Chen, 2017). 

This kind of mixed cultural background will produce a unique model of SEB, STB, and PCK 

in Chinese preservice teachers, which will be empirically explored in this study. 

The theoretical framework of this study is based on the two PCK models proposed by 

Lee and Luft (2008), who have systematically reviewed the studies on PCK. The first one is 
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an integrative model of PCK suggesting that the enhancement of any of its separate 

components such as the subject matter knowledge, the pedagogical knowledge, and the 

contextual knowledge would enhance PCK as a whole (Fernández-Balboa & Stiehl, 1995). 

The second one is the transformative model taking PCK as a general knowledge base that 

could not be separated into content knowledge and pedagogical knowledge in a simplistic 

way (Marks, 1990). In fact, both models theoretically view the relationships among SEB, 

STB, and PCK as an entity. Therefore, we integrated the two models in this study and 

hypothesized that STB might be influenced by the SEB during the preservice training period, 

which might, in turn, affect the establishment of science-specific PCK. Accordingly, in this 

study, we proposed a hypothesized model (See Figure 1) that will be examined with the 

eight-factor measurement model of SEB (Lindfors, Winberg & Bodin, 2017), the three-factor 

measurement model of STB (Maier et al., 2013), and the Science-specific PCK (Liang et al., 

2013). In particular, the following questions guided this study: 

1. Can SEB predict STB and science-PCK in Chinese preservice kindergarten 

teachers?  

2. Are there any potential mediators between STB and science-PCK in Chinese 

preservice kindergarten teachers?  

 

------------------------------------------ 

Insert Figure 1 about here 

------------------------------------------ 

 

Method 

Participants 
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Altogether 987 preservice teachers (785 females, 79.5%) were randomly sampled 

from a Teacher Education College in Guangdong, China. In particular, 504 (51.1%; Yr1 = 

205, Yr2 = 193, Yr3 = 106) were pursuing the secondary vocational school diploma in early 

childhood education (ECE), and 483 (48.9%; Yr1 = 200, Yr2 = 198, Yr3 = 85) were enrolled 

in the three-year college program in ECE. Their ages ranged from 14 to 24, with a mean of 

18.66 (SD = 2.02). Seven classes were randomly selected from each of the programs for the 

survey during the last two months of the second semester of the 2018-2019 academic year. 

Most of the students in this college came from different cities in Guangdong Province in 

China with various socioeconomic levels. All of them have taken the course of Pedagogy in 

Early Childhood Education (ECE) and that of teaching skills including the science, math, 

music, art, and PE activities in ECE. They shared the same content of preservice education 

but differed in demographic features, academic backgrounds and socioeconomic levels.  

Measures 

Scientific epistemic belief (SEB) survey. The Chinese SEB survey was adapted from 

the SEB questionnaire developed by Lindfors, Winberg and Bodin (2017). It has eight 

constructs: (1) quick learning: evaluating respondents’ speed of scientific knowledge 

acquisition; (2) effort: examining respondents’ agreement with the idea that learning requires 

hard work and effort spent on scientific knowledge acquisition; (3) successful students: 

identifying respondents’ characteristics of successful students in learning science; (4) 

certainty and truth: assessing respondents’ beliefs about the certainty of the answers for 

scientific knowledge; (5) construction and modification: examining respondents' beliefs in 

constructing scientific knowledge; (6) source/authority: measuring respondents' beliefs about 

the knowledge from the authority or experts; (7) simplicity: evaluating respondents’ extent on 

considering knowledge as discrete facts; and (8) structure of knowledge: examining the 

respondents’ conceptualization of scientific knowledge structure. Each construct has three to 
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seven items, resulting in 37 items in total. The scale has satisfactory reliability in this study, α 

= .808.  

  Science Teaching Belief (STB) survey. The Chinese STB survey was adapted from the 

science teaching questionnaire developed by Maier, Greenfield and Bulotsky-Shearer (2010). 

It has 35 items to cover the three primary constructs: (1) Teacher comfort (i.e. “you are 

comfortable doing science activities in kindergarten classroom”; (2) Child benefit (i.e. 

“learning science improves children’s math skills”); and (3) Challenges (i.e. “you are afraid 

children ask a scientific question that you cannot answer”). The scale has satisfactory 

reliability in this study, α = .846. 

Science-specific Pedagogical Content Knowledge report (Science-PCK). Preservice 

teachers’ Science-PCK was evaluated using the subscale of the kindergarten teachers’ 

technological pedagogical content knowledge scale developed by Liang et al. (2013). The 

subscale has eight items that jointly evaluate kindergarten teachers’ knowledge of adopting 

pedagogical strategies to foster children’s understanding of science. It has a satisfactory level 

of reliability in this study, α = .863. 

The anxiety of Teaching Science.  All the participants were invited to rate their anxiety 

level of teaching science by responding to a 5-point Likert question, ranging from "feeling 

anxiety extremely or uncomfortable when organizing scientific activity or teaching science in 

kindergarten classroom” (1) to “feeling very comfortable when organizing scientific activity 

or teaching science in kindergarten classroom” (5).  

Working Interest. The interest level of being a kindergarten teacher was also ranked on 

a 5-point Likert question, ranging from "feeling extremely uninterested in being a 

kindergarten teacher in the future" (1) to "feeling extremely interested in being a kindergarten 

teacher in the future" (5).  
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Demographic survey. The demographic data of the participants, such as their age, 

university year, family Socio-Economic Status (SES), and so on, were also collected. In 

particular, the SES was evaluated by the family monthly income of the participants. 

Procedure 

Ethical procedures were followed throughout the study. First, the corresponding 

author’s University and the Department of the research site approved the study. Second, the 

principals and the class teachers of participating students completed the consent forms. Third, 

one research assistant administered the questionnaires in the classroom without their 

teacher’s presence.  Fourth, the students were advised to submit the completed survey if they 

consented to participate in this study; if not, they could leave the classroom without any 

penalty. The survey package includes Scientific Epistemic Beliefs Scale (SEB; Lindfors, 

Winberg & Bodin, 2019), Teachers’ Science Teaching Beliefs scale (P-TABS; Maier, 

Greenfield & Bulotsky-Shearer, 2013), Science-specific Pedagogical Content Knowledge 

(PCK; Adapted from the TPACK survey by Liang et al., 2013), and personal information 

such as work-orientated interest, SES and year in college.  

Altogether 1005 completed questionnaires were collected, and 18 of them were found 

‘incomplete’ thus removed from data analysis. Therefore, the 987 completed questionnaires 

were further processed and entered by two research assistants using IBM SPSS 24. Next, the 

descriptive statistical analysis was conducted on IBM SPSS 24, and CFA and path analysis 

was conducted to explore the interrelated relationships between SEB, STB, and Science PCK 

(Tsai et al., 2011), using IBM Amos 25.  

Analytical Strategy  

First, the constructs measured by the SEB, STB, Science-PCK were tested by 

confirmatory factor analysis (CFA) to confirm the construct validity and structure of the SEB, 

STB and Science-PCK surveys. Second, the predictive relationships between the refined 
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measurement construct were tested to identify the best-fit structural model, using the four 

indices of model fit: the Comparative Fit Index (CFI), the Normed Fit Index (NFI), the root 

mean square error of approximation (RMSEA), and the relative/normed Chi-square value 

(CMIN/DF; χ2/df). The criteria to assess the model fit of each index was set according to the 

previous studies as follow: CFI and NFI values exceeding .80, respectively, an RMSEA value 

smaller than .07 (Hu & Bentler, 1999; Schumacker & Lomax, 2004), and a CMIN/DF value 

lower than 5.0 (Wheaton, Muthen, Alwin, & Summers, 1977). 

Results 

Confirmatory Factor Analysis  

Intercorrelations, means, and standard deviations for the ten observed variables are 

presented in Table 1. A set of confirmatory factor analyses was conducted to analyze the 

construct validity and the structure of the SEB, STB and Science-PCK surveys, respectively. 

All of the measurement models have proved to adequately fit the composite survey data, 

confirming that each scale was an independent construct.   

------------------------------------------ 

Insert Table 1 about here 

------------------------------------------ 

 

First, the CFA results of the SEB scale indicated an acceptable model fit, the ratio of 

chi-square to degrees of freedom = 4.38, CFI = 0.644, TLI = 0.605, RMSEA = 0.059. In 

addition, the Cronbach’s alpha value for SEB factor is above 0.8, indicating sufficient 

internal consistency of the survey items.  

Second, the CFA results of STB also showed an acceptable model fit, the ratio of chi-

square to degrees of freedom = 4.78, CFI = 0.783, TLI = 0.766, RMSEA = 0.062. And the 
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Cronbach’s alpha value for the STB factor is above 0.8, indicating sufficient internal 

consistency of the survey items.  

Third, the CFA results of Science-PCK also indicated a good model fit, the ratio of chi-

square to degrees of freedom = 5.36, CFI = 0.821, TLI = 0.805, RMSEA = 0.067. And the 

Cronbach’s alpha value for the STB factor is above 0.8, indicating sufficient internal 

consistency of the survey items. 

Path Analysis  

The observed scores of SEB, STB and Science-PCK were analyzed using Amos 25. 

First, a model with the excellent fit was confirmed by this path analysis (See Figure 2): CFI 

= .946, TLI = .886, NFI=.923, RMSEA = .045, X2 = 29.864, df = 10 (p < .001). As shown in 

Table 2, all of the paths were statistically significant (ps < .001), except for those between 

Year/SES/Interest and Science-PCK (ps > .01).  

----------------------------------------------- 

Insert Table 2 and Figure 2 about here 

----------------------------------------------- 

Second, the role of Anxiety (of teaching science) in mediating the association 

between SEB and STB and that of STB in mediating the association between 

SEB/Grade/SES/Interest and PCK were tested by bootstrapping using Amos 25. The 

unstandardized indirect effect of the mediation path was computed for every 2,000 

bootstrapped samples. As shown in Table 3, the direct path from SEB to STB was significant 

(95% CI [.251, .353], p = .001), while the indirect path from SEB to STB with the presence 

of Anxiety was also significant (95% CI [-.075, -.029], p = .001). The direct path from SEB 

to PCK was significant (95% CI [.168, .287], p = .001), while the indirect path from SEB to 

PCK with the presence of STB was also significant (95% CI [.054, .094], p = .001). There 

were no significant direct effects between Year/SES/Interest and Science-PCK, pinterest = .583, 
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pSES = .023, pgrade = .844, whereas there were significant indirect effects between them, ps 

= .001.  

All these path analysis results jointly indicated that: (1) SEB strongly predicted STB 

and Science-PCK (ps < .001); (2) Science Teaching Anxiety partially mediated the 

association between SEB and STB; (3) STB partially mediated the association between SEB 

and Science-PCK; and (4) STB was a full mediator between Year/SES/Interest and Science-

PCK. 

------------------------------------------ 

Insert Table 3 about here 

------------------------------------------ 

Discussion 

 

The primary purpose of this study was to understand the complicated relationships 

between SEB, STB, and Science-PCK in Chinses preservice teachers. The CFA and path 

analysis results indicated that SEB strongly predicted STB and Science-PCK, with Anxiety 

partially mediating between SEB and STB, STB partially mediating between SEB and 

Science-PCK, and STB fully mediating between Year/SES/Interest and Science-PCK. This 

section will discuss this complicated model and its implications for early childhood teacher 

education.  

Relationships between SEB, STB, and Science-PCK 

This study, for the first time, found that SEB strongly predicted STB in Chinese 

preservice teachers. This is consistent with the findings of Güneş and Bahçivan (2018) and 

Hammer and Elby (2003), who repeatedly found that preservice science teachers' SEB would 

affect their teaching beliefs. However, this finding is inconsistent with that of Bahcivan 

(2016), who found that the association between EB and teaching activities might not be 
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direct. Therefore, this study has also explored the possible mediators and found that the 

anxiety of teaching science partially mediated the association between SEB and STB. This 

finding indicates that SEB can impact on STB either directly or indirectly, and both paths are 

acceptable. Further studies, however, are needed to further explore how and why the anxiety 

of teaching science mediates the relationship between SEB and STB.  

Second, this study found that SEB strongly predicted Science-PCK, while the STB 

partially mediated the relationship between them. The direct impact of SEB on PCK found in 

this study provides a piece of additional evidence to support the conclusion (Hammer & Elby, 

2003) that EB would affect PCK. The indirect path, however, has highlighted the mediating 

role of STB in the association between SEB and Science-PCK. This finding from Chinese 

preservice teachers has provided cross-cultural evidence to support the finding of Johnston 

and Ahtee (2006), who found that preservice teachers’ confidence in PCK was positively 

linked to their attitudes toward science teaching. All these findings jointly indicated that the 

different experiences and cultural backgrounds might not affect the relationships between 

SEB and Science -PCK, and those models developed from American-European samples 

might also apply to Chinese preservice teachers. This is inconsistent with the suggestion 

made by Tsai (2002). Thus, more cross-cultural comparisons of preservice teachers or large-

scale longitudinal studies would help to confirm the associations between SEB, beliefs 

toward science teaching, and PCK in preservice teachers.  

The Role of STB during the Development of PCK 

This study found that STB was a full mediator between Year/SES/Interest/Anxiety and 

Science-PCK. This finding indicates that although the college year, SES, the interest of career 

and anxiety of teaching science may influence the preservice teachers' development of 

Science-PCK,  the relationships are also mediated by STB. This means that STB might be 
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playing an essential role in developing preservice teachers' Science-PCK, which should be 

thoroughly considered when developing training programs for preservice teachers.  

China is a vast territory with a large population of different social, cultural and 

intellectual backgrounds. Young children and their teachers from all over the county may 

have different family backgrounds and personality traits. As a response to the call for 

improving science education in early childhood by the central government (Government of 

China, 2010), the teacher education programs are trying to achieve the expansion of the 

enrollment, resulting in a diversified student population. Therefore, exploring how preservice 

teachers’ epistemologies and beliefs about knowing and learning in the discipline of science 

would help to develop better teacher education programs (Brownlee et al., 2004, 2011). As 

STB plays an important mediating role, the same set of training courses may have different 

indirect effects on the Science-PCK for students from diverse backgrounds. It is thus critical 

to establish appropriate and professional teaching beliefs before developing their Science-

PCK in these Chinese preservice ECE teachers. Accordingly, the ECE teacher education 

program in Chinese universities and colleges should pay more attention to SEB and STB 

training and to cater to individual differences in terms of Anxiety and SES backgrounds. In 

this way, the preservice teacher education program can help to enhance their science PCK.  

Conclusions, Limitations, and Implications 

This study has explored the relationships between Scientific Epistemic Beliefs (SEB), 

Science Teaching Beliefs (STB) and Science-specific Pedagogical Content Knowledge 

(Science-PCK) in preservice kindergarten teachers from China. The CFA and path analysis 

results indicated that: First, SEB strongly predicted STB and Science-PCK in these Chinese 

preservice teachers; Second, their science teaching anxiety partially mediated the association 

between their SEB and STB; Third,  their STB partially mediated the association between 
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their SEB and Science-PCK; Last, STB was found a full mediator between Year/SES/Interest 

and Science-PCK in these preservice kindergarten teachers in China.  

However, this study has some limitations. First, this study only surveyed preservice 

teachers from a major teacher education institution in Southern China. The institutions from 

other provinces of China might have different teacher education programs and students. A 

more representative sample will be more desirable. Second, there was only one item to 

evaluate the participants’ anxiety level of teaching science and interest level of being a 

kindergarten teacher. In future, relevant scales should be developed and validated to collect 

more reliable data about Chinese teachers’ anxiety level of teaching science and interest level 

of being a kindergarten teacher. Third, this study only employed the measure of a self-

reported survey, which might have a socially desirable bias that could inflate the findings. 

Future studies with triangulation of survey, observation, and interview should be employed to 

provide more robust and sound evidence to indicate the complicated relationships between 

SEB, STB, and Science PCK in preservice teachers.  

Nevertheless, this study has some theoretical and practical contributions. 

Theoretically, this is the first study that has systematically explored the complicated 

relationships between teachers’ EB, teaching beliefs, and PCK in Chinese preservice ECE 

teachers. Teachers’ beliefs include a continuum of beliefs as an organization similar to the 

structure of an atom (Rokeach, 1968), and require close examination and in-depth 

investigation (Fives & Buehl, 2012). Teachers’ beliefs and knowledge such as their epistemic 

beliefs (EB), teaching beliefs, and pedagogical content knowledge (PCK) have proved to 

affect their teaching practices (e.g., Fives & Buehl, 2012; Richardson, 2003; Roehrig, Kruse, 

& Kern, 2007; Barenthien et al., 2018). All these findings from European-American teachers 

were found applicable to the Chinese teachers in this study, indicating a cross-culturally 

applicability. Practically, as a response to the call for improving early science education and 
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early childhood teacher preparation (Greenfield, Alexander, & Frechette, 2017; Greenfield et 

al., 2009), this study has successfully filled the literature gap to understand how Chinese 

preservice teachers’ belief systems can impact on their science teaching. The findings could 

inform the development and reform of preservice teacher education programs in China and 

other countries.    
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