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Abstract

science education and teacher education.

Student Creative Tendency

Inquiry-based science teaching has emerged as a prominent trend in science education. Nevertheless, it remains
uncertain how teachers’self-efficacy in regard to the teaching of science as inquiry (TSI) affects students'science
learning, especially considering the scarcity of research on its impact on students’ Science Process Skills (SPSs). To
investigate the impact of teachers'TSI on students'SPSs, this study conducted a questionnaire survey involving 539
eighth-grade students and 75 teachers from 7 junior high schools. Our Multilevel Model analysis results revealed

a positive correlation between students’ creative tendencies and SPSs. The results of the Cross-Level Moderation
Models indicated that TSI moderated the relationship between students’ creative tendencies and their SPSs, with this
relationship strengthening as TSI increased. These study findings carry significant implications for both inquiry-based

Keywords Science Process Skills, Self-Efficacy in Regard to the Teaching of Science as Inquiry, Teachers' Beliefs,

Introduction

Teachers’ beliefs can be defined as a teacher’s judge-
ment of the truth or falsity of a claim (Pajares, 1992).
Bandura (1997) argued that these beliefs, rather than
objective truth, shape teachers’ instructional goals, emo-
tion and interaction with students, which can facilitate
or hinder their instructional practices (Fives & Buehl,
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2012). Consequently, teachers’ beliefs can influence their
instructional decisions and subsequently shape the class-
room climate, ultimately affecting teachers’ professional
development and students’ learning. Teachers’ beliefs
encompass all aspects of education, including epistemol-
ogy, teaching, learning, assessment, students, the school
climate and so on. As part of teachers’ beliefs, teach-
ers’ self-efficacy in regard to teaching plays a pivotal
role, influencing the development of both teachers and
students.

Research suggests that science ranks among the most
challenging subjects in schools (Drew, 2011; Dweck,
2006; National Academies of Science, 2011). A sense
of competence in teaching science, often referred to
as teachers’ self-efficacy in the subject, is critical for
the success of science teachers (Grindrod et al., 1991;
Skamp, 1995). Scientific inquiry is emerging as a pre-
dominant trend in science education worldwide. The
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primary objective is to foster inquiry-based learning
and cultivate students’ scientific literacy (European
Commission Directorate-General for Research Inno-
vation, 2015; Gericke et al., 2022; National Research
Council, 1996, 2000; Rénnebeck et al., 2016). Therefore,
teachers’ self-efficacy in regard to the teaching of sci-
ence as inquiry is crucial to the development of both
teachers and students.

Teachers’ self-efficacy in regard to the teaching of sci-
ence as inquiry (TSI) is a context specific form of self-
efficacy. It pertains to one’s judgment of their capability
to organize and carry out inquiry-based science teaching,
as well as the anticipated outcomes this approach might
yield. Numerous studies have identified a significant
relationship between teachers’ TSI and students’ science
achievement. Lumpe et al. (2012) found a positive corre-
lation between elementary teachers’ science self-efficacy
and the science performance of students in both the
fourth and sixth grade. Hakkarainen (2003) found that
inquiry-based teaching improves the scientific under-
standing of children aged 10 and 11. Other research also
suggests that TSI can advance both students’ content
knowledge (Sandoval, 2005) and their understanding
of the nature of science (Schwartz & Crawford, 2004).
Therefore, there is sufficient evidence to suggest that TSI
can lead to enhanced learning outcomes for students in
the science subject. However, standardized tests may
not always serve as the best indicators of students’ per-
formance (Braun et al.,, 2010), especially in the context of
scientific inquiry-based learning.

Inquiry-based science education can equip students
with essential knowledge and skills in science sub-
jects (Aditomo & Klieme, 2020; Adler et al, 2018).
However, many teachers argue that teaching science
through inquiry isn’t the most effective method for pre-
paring students for standardized science tests (Fatma
et al.,, 2021). Science process skills (SPSs) are defined as
a set of skills used by scientists during their work, and
the competencies displayed in solving scientific prob-
lems. SPSs encompass a broad array of skills, includ-
ing observing, measuring, classifying, communicating,
predicting, inferring, using numbers, understanding
space/time relationships, questioning, controlling vari-
ables, hypothesizing, defining operationally, formulating
models, designing experiments, and interpreting data
(American Association for the Advancement of Science,
1993). Research suggests that SPSs more closely reflect
the process of science learning rather than merely focus-
ing on the outcomes, making them as a suitable measure
for inquiry-based science education (Af’idayani et al,
2018). Although previous studies have suggested that TSI
can enhance student learning outcomes (Hakkarainen,
2003; Sandoval, 2005; Schwartz & Crawford, 2004), there
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is a lack of research exploring its impact on the student
learning process.

Recognizing the significance of students’ SPSs, we aim
to investigate the psychological mechanisms underpin-
ning TSI and its impact on students’ SPSs. In particular,
teachers’ self-efficacy in regard to TSI is critical for the
success of science teachers. Up to date, there is a dearth
of research examining the relationship between inquiry-
based science teaching and students’ SPSs (Halim et al.,
2021). Therefore, we conducted a questionnaire survey to
examine the relationship between teachers’ TSI and stu-
dents’ SPSs. Based on the aforementioned literature, we
hypothesize that TSI could positively predict students’
SPSs.

While TSI may not benefit every student, research-
ers have noted that factors like student readiness for
inquiry-based learning activities can influence the effi-
cacy of teachers’ TSI on student learning (Wee et al,
2007). Wang et al. (2015) highlighted another influen-
tial factor, i.e. students’ prior knowledge about inquiry-
based learning activities. According to their research,
this understanding can enhance learning motivation and
amplify student interest. Of all the factors identified, cre-
ativity stands out as a focal point for researchers (Abd-el
Khalick & Lederman, 2000). It permeates every stage of
scientific inquiry and is especially crucial in the formula-
tion of questions, hypotheses, and experimental designs.
Consequently, science is not just a mere outcome, but
a dynamic process infused with elements of creativity
at every turn, as highlighted by Saxena (1994). Halim
et al. (2021) discovered that students with greater crea-
tivity tend to have improved SPSs. Similarly, Yildiz and
Yildiz (2021) observed that preschoolers with advanced
creative thinking also show enhanced SPSs. Therefore,
we hypothesized that students’ creative tendencies can
moderate the relationship between teachers’ TSI and stu-
dents’ SPSs.

The primary aim of this study is to investigate the rela-
tionship between TSI and students’ SPSs. Additionally,
we aim to ascertain if students’ creative tendencies medi-
ate this relationship. To guide this exploration, we pose
the following questions:

1) Is there a significant relationship between teachers’
TSI and students’ SPSs?

2) Does the relationship between teachers’ TSI and stu-
dents’ SPSs vary based on student’s creative tenden-
cies?

Method

Participants

A total of 539 eighth-grade students from 7 junior high
schools participated in this study, including 273 males,
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250 females, and 15 gender data missing. Their average
age was 14.02 (£ 0.66) years old, with the age range span-
ning from 12 to 17 years. Furthermore, 75 teachers from
these schools, who taught physics, biology, and chemis-
try, also participated in this study, including 16 males and
59 females. The average age of the teachers in this study
was 37.89 (+7.58) years, ranging from 24 to 55 years.
Among these teachers, 21 held senior professional titles,
34 had first-level professional titles, and 14 had second-
level professional titles. The number of students and
teachers from each school is shown in Table 1.

Materials

Creative tendency questionnaire for adolescents

The study adopted the Creative Tendency Questionnaire
for Adolescents developed by Shen et al. (2005). This
questionnaire comprises 37 items, spanning five dimen-
sions: self-confidence, exploration, curiosity, willpower,
and challenge. The questionnaire uses a five-point rating
scale, ranging from 1 (completely inconsistent) to 5 (com-
pletely consistent), to indicate the degree to which the
statement matches the actual situation of the student. In
this study, the Cronbach’s a coefficient for the five dimen-
sions of the questionnaire and the total score were 0.78,
0.78, 0.74, 0.50, 0.52, and 0.80, respectively.

Science process skills (SPSs)

The science process skills questionnaire was developed
based on the evaluation indicators of SPSs. The ques-
tionnaire consists of 28 items, spanning nine dimen-
sions: posing questions, forming hypotheses, selecting
variables, experimental control, choosing experimental
apparatus, observing, processing observational results,
explaining and communicating (Li, 2016). The ques-
tionnaire uses a five-point rating scale, ranging from 1
(completely inconsistent) to 5 (completely consistent), to
indicate the degree to which the statement matches the
actual situation of the student. The Cronbach’s o coeffi-
cient for this questionnaire in this study was 0.95.

Table 1 Number of students and teachers in different schools

Student Teacher

Beijing No. 20 Middle School 67 13
Beijing No. 19 Middle School 59 7

Jinling Middle School affiliated junior high 85 22
School

Nanjing No. 8 Middle School 78 11
Tangshan 54th Middle School 96 8

No. 21 Middle School of Tangshan 53 9
Tangshan No. 12 Middle School 100 5
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Self-efficacy in regard to the teaching of science as inquiry
(TSI)

This study used the Self-Efficacy in Regard to the
Teaching of Science as Inquiry (TSI) questionnaire
developed by Smolleck et al. (2006). The questionnaire
consists of 69 items, divided into two subscales: self-
efficacy and outcome expectancy (Li et al,, 2015). Each
subscale is further divided into five dimensions: learner
engages in scientifically oriented questions, learner
gives priority to evidence in responding to questions,
learner formulates explanations from evidence, learner
connects explanations to scientific knowledge, and
learner communicates and justifies explanations. The
questionnaire uses a five-point rating scale, ranging
from 1 (completely inconsistent) to 5 (completely con-
sistent), to indicate the extent to which the statement
matches the actual situation of the teacher. The Cron-
bach’s a coefficient for this questionnaire in this study
was 0.97. The Cronbach’s a coefficient for self-efficacy
was 0.95, and the coefficient for outcome expectancy
was also 0.95.

Analysis strategy

Multilevel models (MLM) were developed for hierar-
chical data, which can offer analysis at both the indi-
vidual level (micro level) and the group level (macro
level). Many research inquiries involve examining
issues at both these levels. For instance, individu-
als might be grouped based on different geographical
units (e.g. communities, cities, regions, etc.), necessi-
tating empirical models that examine both micro and
macro data. Consequently, multilevel modeling, which
accommodates both levels, has gained widespread
application.

In this study, we utilized a multilevel model (MLM) to
analyze our hierarchically structured data, categorizing
students (Level 1) by their respective schools (Level 2).
This approach helped us mitigate potential discrepancies
in our findings due to variations between schools and
teachers.

First, Model 1 was established. Within this model,
Level 1 predictors included students’ creative tenden-
cies, age, and gender, and Level 2 variable included
teachers’ self-efficacy for science teaching. Subse-
quently, Models 2 and 3 were established as cross-level
moderation models. In Model 2, Level 1 predictors
included students’ creative tendencies, age, and gen-
der, with creative tendencies being group-centered.
The Level 2 variables included teacher self-efficacy,
the cross-level interaction term of creative tenden-
cies and self-efficacy, and with the self-efficacy score
being standardized. In Model 3, the Level 1 variables
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Table 2 Means and standard deviations of student and teacher
variables

M SD
Student
Creative Tendencies 338 044
Self-confidence 243 0.79
Exploration 3.76 0.76
Curiosity 391 0.69
Willpower 3.77 0.74
Challenge 3.16 0.59
SPSs 3.88 0.61
Teacher
TSI 3.87 033
Self-efficacy 392 034
Outcome expectancy 3.88 0.30

Table 3 Results of the multi-level model of the relationship
between scientific process skills, creative tendency, and teaching
efficacy

Model 1 Estimate S.E. p
Intercept 341 0.68 <.001
Gender 0.07 0.04 064
Age -0.01 0.04 767
Creative tendency 0.32 0.08 <.001
TSI -0.13 0.26 613

Note. S.E. Standard error

were the same as Model 2, whereas Level 2 variables
included teacher outcome expectancy, the cross-level
interaction term of creative tendencies and outcome
expectancy, with the outcome expectancy score being
standardized. Finally, Models 4—13 were established to
explore the results of the five dimensions of creative
tendencies.
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Results

Descriptive statistics

The means and standard deviations of creative tenden-
cies, SPSs, and TSI are presented in Table 2.

Multilevel model of the relationship among SPSs, creative
tendencies, and TSI

As shown in Table 3, there was a significant positive rela-
tionship between creative tendencies and SPSs (B=0.32,
p<0.001), with higher scores in creative tendencies being
associated with higher scores in SPSs. However, there
was no significant relationship between TSI and SPSs
(B=-0.13, p=0.613).

Cross-level moderation models of self-efficacy for science
teaching

As shown in Table 4, in Model 2, the cross-level interac-
tion term between creative tendencies and self-efficacy
was significant (B=0.13, p<0.001). Self-efficacy moder-
ated the relationship between creative tendencies and
SPSs, with the relationship becoming stronger as self-
efficacy increased. Further simple slope tests, as shown in
Fig. 1, revealed that when levels of self-efficacy were high,
there was a significant positive relationship between
creative tendencies and SPSs (B=0.46, p<0.001); when
self-efficacy levels were moderate, there was a significant
positive relationship between creative tendencies and
SPSs (B=0.33, p<0.001); when self-efficacy levels were
low, there was a significant positive relationship between
creative tendencies and SPSs (B=0.19, p<0.001).

Similar to the results of Model 2, as shown in Table 4,
in Model 3, the cross-level interaction term between cre-
ative tendencies and outcome expectancy was significant
(B=0.13, p<0.001). Outcome expectancy moderated the
relationship between creative tendencies and SPSs, with
the relationship becoming stronger as outcome expec-
tancy increased. Further simple slope tests, as shown in

Table 4 Results of the cross-level moderating effect model of self-efficacy for science teaching

Model 2 Model 3

Estimate S.E. p Estimate S.E. p
Intercept 391 0.55 <.001 391 0.55 <.001
Gender 0.06 0.04 087 0.06 0.04 087
Age -0.01 0.04 875 -0.01 0.04 .880
Creative tendency 033 0.06 <.001 032 0.06 <.001
Self-efficacy -0.05 0.07 503
Creative tendency x Self-efficacy 0.13 0.03 <.001
Outcome expectancy -0.06 0.06 .266
Creative tendency x Outcome expectancy 0.13 0.03 <.001

Note. S.E. Standard error
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Fig. 1, revealed that when levels of outcome expectancy
were high, there was a significant positive relation-
ship between creative tendencies and SPSs (B=0.46,
p<0.001); when outcome expectancy levels were moder-
ate, there was a significant positive relationship between
creative tendencies and SPSs (B=0.33, p<0.001); when
outcome expectancy levels were low, there was a signifi-
cant positive relationship between creative tendencies
and SPSs (B=0.19, p<0.001).

Cross-level moderation models of the relationship
between SPSs and different dimensions of creative
tendencies

As shown in Table 5, in Model 5, the cross-level inter-
action term between curiosity and self-efficacy was sig-
nificant (B=0.08, p<0.001). Self-efficacy moderated
the relationship between curiosity and SPSs, with the

relationship becoming stronger as self-efficacy increased.
Further simple slope tests, as shown in Fig. 2, revealed
that when levels of self-efficacy were high, there was a
significant positive relationship between curiosity and
SPSs (B=0.34, p<0.001); when self-efficacy levels were
moderate, there was a significant positive relationship
between curiosity and SPSs (B=0.26, p<0.001); when
self-efficacy levels were low, there was a significant posi-
tive relationship between curiosity and SPSs (B=0.18,
p<0.001).

In Model 6, similar to Model 5, the cross-level inter-
action term between exploration and self-efficacy was
significant (B=0.09, p<0.001). Self-efficacy moderated
the relationship between exploration and SPSs, with the
relationship becoming stronger as self-efficacy increased.
Further simple slope tests, as shown in Fig. 2, revealed
that when levels of self-efficacy were high, there was a

Table 5 Results of cross-level moderating effects on different dimensions of creative tendency

Model 4 Model 5 Model 6 Model 7 Model 8
Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E.
Intercept 364" 033 397" 059 4017 036 4177 045 3927 048
Gender 011" 004 007 004 0107 003 006 004 008 0.03
Age 0.01 0.02 -0.01 0.04 -0.01 0.03 -0.02 0.03 -0.01 0.03
Self-confidence 020" 0.04
Exploration 026" 0.05
Curiosity 040" 0.02
Willpower 0.32™ 0.07
Challenge 0.04 0.06
Self-efficacy -0.05 0.07 -0.05 0.07 -0.05 0.07 -0.05 0.07 -0.05 0.07
Self-confidence x Self-efficacy 0.05 0.03
Curiosity x Self-efficacy 008" 001
Exploration x Self-efficacy 0.09™ 0.01
Curiosity x Outcome expectancy 008" 0.03
Exploration x Outcome expectancy 0.09™ 0.04

Note. S.E. Standard error; " p<.05; " p<.01; ™ p<.001
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significant positive relationship between exploration and
SPSs (B=0.49, p<0.001); when self-efficacy levels were
moderate, there was a significant positive relationship
between exploration and SPSs (B=0.40, p <0.001); when
self-efficacy levels were low, there was a significant posi-
tive relationship between exploration and SPSs (B=0.30,
p<0.001).

As shown in Table 5, in Model 7 the cross-level inter-
action term between curiosity and outcome expectancy
was significant (B=0.08, p<0.001). Outcome expec-
tancy moderated the relationship between curiosity and
SPSs, with the relationship becoming stronger as out-
come expectancy increased. Further simple slope tests,
as shown in Fig. 2, revealed that when levels of outcome
expectancy were high, there was a significant posi-
tive relationship between curiosity and SPSs (B=0.34,
p<0.001); when outcome expectancy levels were moder-
ate, there was a significant positive relationship between
curiosity and SPSs (B=0.26, p<0.001); when outcome
expectancy levels were low, there was a significant posi-
tive relationship between curiosity and SPSs (B=0.18,
p<0.001).

In Model 8, similar to Model 7, the cross-level inter-
action term between exploration and outcome expec-
tancy was significant (B=0.09, p<0.001). Outcome

expectancy moderated the relationship between
exploration and SPSs, with the relationship becom-
ing stronger as outcome expectancy increased. Fur-
ther simple slope tests, as shown in Fig. 2, revealed
that when levels of outcome expectancy were high,
there was a significant positive relationship between
exploration and SPSs (B=0.48, p<0.001); when out-
come expectancy levels were moderate, there was a
significant positive relationship between exploration
and SPSs (B=0.39, p<0.001); when outcome expec-
tancy levels were low, there was a significant positive
relationship between exploration and SPSs (B=0.30,
p<0.001).

Discussion

Overall, results of the Multilevel Model analysis showed
that students with higher scores in creative tendencies
were associated with higher scores in SPSs. However,
there was no significant relationship between TSI and
SPSs. Results of the Cross-Level Moderation Models
revealed that (1) TSI moderated the relationship between
creative tendencies and students’ SPSs, with the relation-
ship becoming stronger as TSI increased. (2) Specifically,
our simple slope tests revealed when levels of TSI were
higher, there was a more positive relationship between
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curiosity and SPSs. (3) Similarly, when levels of TSI were
higher, there was a more positive relationship between
exploration and SPSs.

Firstly, our study found that the higher a student’s crea-
tive tendency score, the higher their SPSs score. Discov-
ery, inquiry, and creativity are often used interchangeably
in the literature (Lucas, 1971). Notably, creative person-
alities account for 11% of creative variation in Chinese
adolescents and 15% in American adolescents (Li et al.,
20144, 2014b). Therefore, students’ creative tendency is
likely to predict their SPSs, which aligns with our results.
However, our study did not find a significant relationship
between TSI and SPSs. This could arguably be attrib-
uted to two reasons. First, TSI represents a belief that
needs to be translated into actionable teaching practice
to impact students’ behavior and learning outcomes.
Second, Science is viewed as one of the more challeng-
ing subjects in secondary schools (Drew, 2011; Dweck,
2006; National Academies of Science, 2011). Taking both
factors into consideration, the inquiry-based science
teaching approach may be too demanding for some stu-
dents (Halim et al., 2021; Yildiz & Yildiz, 2021). Research
underscores the importance of providing continuous
professional development for both teachers and students
in scientific inquiry-based learning tasks to improve
the SPSs of students from diverse backgrounds (Yumu-
sak, 2016; Lati, 2012). On the one hand, understanding
and applying SPSs pose a significant challenge, requiring
students to exert considerable cognitive effort (Piekny
& Maehler, 2013). On the other hand, the efficacy of the
inquiry-based teaching approach hinges on teachers pro-
viding explicit instructional support to learners. (Kruit
et al., 2018; Lazonder & Harmsen, 2016). According to
various studies, primary school students often struggle to
understand and apply SPSs in inquiry-based learning set-
tings, likely due to inadequate scaffolding or clear expla-
nations from their teachers (Coil et al., 2010; Durmaz &
Mutlu, 2016). Therefore, enhancing students’ SPSs is a
long-term endeavor and may be challenging to achieve in
the short term. Secondly, Cross-Level Moderation Mod-
els revealed that TSI moderated the relationship between
creative tendencies and SPSs of students. In other words,
as TSI increased, the relationship between creative ten-
dencies and SPSs strengthened. Research suggests that
teachers’ beliefs influence their classroom instruction
(Luft, 2001; Clarke & Hollingsworth, 2002; Buehl & Beck,
2015; Chen, et al., 2015). For instance, Fatma et al. (2021)
demonstrates that there are strong connections between
teachers’ self-efficacy beliefs and their implementation
of inquiry. Teachers with strong self-efficacy beliefs are
more likely to effectively implement inquiry-based learn-
ing activities, formulating better questions and providing
guidance to students. Our results align with this finding,
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further supporting that TSI strengthens the relationship
between students’ creative tendencies and SPSs. Spe-
cifically, this enhancement is evident only in the curios-
ity and exploration dimensions of creative tendencies.
Curiosity is a psychological and behavioral motivation
triggered by novel stimuli, serving as an internal drive
for knowledge. While exploration refers to the persis-
tent characteristics of students in identifying challenges,
contemplating solutions, delving into the unknown, and
uncovering truths through practical experiences (Wang
et al,, 2015). Therefore, students with high curiosity and
exploration tend to demonstrate greater courage, adopt
a positive mindset, and generate diverse ideas to solve
problems. Such students often collect diverse viewpoints
and identify patterns and key information when search-
ing or inquiring for solutions (Zhu & Zhang, 2014). Our
findings align with this perspective, suggesting that stu-
dents with higher curiosity and exploration are more
receptive to teachers’ instructions, thereby facilitating the
enhancement of their SPSs.

The results of this study offer important insights for the
design of inquiry-based teaching. Firstly, teachers’ beliefs
profoundly affect their teaching practices, which in turn
shape the learning outcomes of students. As a result,
to enhance teaching practices and students’ SPSs, it is
essential to enhancing teachers’ TSI. Secondly, although
inquiry-based teaching is a valuable method in science
education, it's not suitable for every student. Indeed,
without clear instruction from teachers, some students
may become confused by this approach.

We recognize two limitations in the current study.
The first limitation pertains to our methodology. We
employed a multi-level model to offset variations among
school types. However, since the study relied on a single
cross-sectional questionnaire without tracking or manip-
ulating specific variables, thereby our findings suggest
correlations rather than causative relationships. The sec-
ond limitation is that students’ SPSs were assessed using
self-reports, which may not precisely capture their actual
inquiry-based learning abilities. Future research should
consider utilizing scores from inquiry-based tasks to
evaluate students’ SPSs.

Conclusion

In this study, we conducted a questionnaire survey of
539 eighth-grade students from 7 junior high schools.
To mitigate potential discrepancies arising from dif-
ferent schools and teachers, we employed a Multilevel
Model for data analysis. Our findings revealed that
SPSs represent a complex, advanced cognitive abil-
ity, and that students’ creative tendencies can serve
as predictors for SPSs. Furthermore, Teachers’ self-
efficacy in inquiry-based teaching can amplify the
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predictive effects of students’ curiosity and exploration
on their SPSs. This underscores the significant impact
of teachers’ beliefs on student learning, indicating that
teacher education should emphasize interventions to
strengthen these beliefs.
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