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ABSTRACT

Creative thinking is an essential competence that should be fostered at all educational levels, yet for teachers to effectively develop this
skill in students, they must possess the necessary abilities, confidence, and pedagogical knowledge. This study examines the creative
self-efficacy (CSE) in science of pre-service teachers, their ability to recognize creative activities in the science classroom, and their
scientific inquiry skills. The results indicate that the 213 Spanish primary pre-service teachers in the sample perceive themselves as
creative in science. However, many participants mistakenly classify non-creative activities as creative and demonstrate low inquiry
skills. As a result, no significant correlation was found between their self-perception and actual performance in creative tasks. The study
also highlights that prior science training influences both their perception of CSE in science and their ability to distinguish between
creative and non-creative activities in the classroom. These findings underscore the importance of integrating creativity into teacher
training programs to enable future educators to effectively implement creative practices in the primary education classroom, aligning

with societal demands for creativity in education.
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INTRODUCTION

reativity is recognized as a crucial competency for the

21%-century society (Henriksen et al., 2016), a view

supported by the OECD in its reports (OECD, 2019).
Creativity was also incorporated into the PISA tests in 2022,
alongside the traditional assessments in reading, mathematics,
and science. Furthermore, creativity is increasingly demanded
by businesses and social organizations worldwide, as
innovation and the creation of new knowledge are essential
for addressing everyday challenges (Soulé and Warrick,
2015; Sung, 2015). This growing importance of creativity
is reflected in the curricula of many countries (Patston et al.,
2021). In Spain, the recent educational law, LOMLOE (Ley
Organica, 2020), explicitly states that “[...] artistic creation,
audiovisual communication, digital competence, the promotion
of creativity, and the scientific spirit will be worked on in all
areas of Primary Education” (p. 122873).

This positions creativity as a cross-cutting theme throughout
the entire curriculum presents in all subjects, with teachers
being ultimately responsible for equipping students with
creative skills and competencies (Soh, 2017). However, the
lack of clear definitions of creativity and the inadequate training
many teachers report receiving contribute to uncertainty
and hesitation in implementing creativity effectively in the
classroom (Mullet et al., 2016; Skiba et al., 2010). Indeed,
some empirical studies have shown that early childhood and
primary teachers feel unprepared to effectively foster student

creativity due to curriculum constraints (Aish, 2014; Cheng,
2010). Similarly, in a review by Bereczki and Karpati (2018),
while participating teachers expressed positive attitudes toward
creativity, they did not integrate creativity-promoting activities
into their teaching practices. Gaining a deeper understanding of
teachers’ beliefs about creativity would offer valuable insights
into their teaching approaches and help guide efforts to promote
creativity in the classroom.

There is an international consensus that science is inherently
creative (Lubart et al., 2022), and that fostering specific aspects
of scientific creativity should be a key priority in education
(Hetherington et al., 2020). Several factors can influence
scientific creativity, including convergent and divergent
thinking (Cheung et al., 2016), general creativity versus
domain-specific creativity (Qian et al., 2019; Scotney et al.,
2019), motivation (Xue et al., 2020), creative self-efficacy
(CSE) (Liu et al., 2021), inquiry skills (Yang et al., 2016),
metacognitive abilities (Puryear, 2016), and knowledge of
science (Huang and Wang, 2019). While intelligence is
considered a necessary condition for creative thinking, it is
not sufficient on its own (Karwowski et al., 2016).

Inquiry-based learning approaches are known to provide
numerous opportunities for fostering creativity (Martins and
McCauley, 2021). Aktamis and Ergin (2008) showed that
promoting procedural skills in science education enhances
scientific creativity, while Yang et al. (2016) found strong
and significant correlations between scientific creativity
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and four key areas of scientific inquiry: Identifying research
questions, formulating hypotheses, designing experiments, and
drawing conclusions. Newton and Newton (2010) identified
three types of activities that can enhance scientific creativity
in the classroom: a) Speculative descriptions of situations
with tentative or hypothetical explanations and potential
alternatives; b) gathering knowledge and evaluating ideas
(such as proposing methods to collect reliable, descriptive
information or empirical tests to validate a hypothesis);
and ¢) applying scientific knowledge to solve real-world
problems. In addition, specific training in divergent thinking
has been shown to improve scientific creativity in secondary
students (Sun et al., 2020), although domain knowledge plays
a significant role in this process.

Despite its recognized importance, several studies highlight
a lack of teacher preparation in effectively implementing
creativity in the science classroom (Ramnarain, 2018). Newton
and Newton (2010) found that some primary education teachers
struggled to differentiate between creative and reproductive
(non-creative) activities for promoting creativity in science.
A meta-analysis by Gralewski and Karwowski (2019)
revealed a positive, though weak, and statistically significant
relationship between teachers’ scores on students’ creativity
and their performance in divergent thinking tasks. Similarly,
in a study by Cruz et al. (2020), primary pre-service teachers
were asked to generate questions related to the primary
education curriculum for scientific research activities, but it
was found that not all the proposed questions were appropriate
for initiating scientific inquiry in the classroom.

One of the factors that significantly impacts motivation toward
a learning or teaching goal is the perception of self-efficacy
in the subject or area of knowledge (Caprara et al., 2006;
Ozder, 2011). CSE, which refers to personal beliefs about
one’s ability to recognize and produce creative outcomes,
is considered a key factor in supporting creativity in the
classroom (Nemerzitski and Heinla, 2020). According to Kruse
et al. (2021), creative self-perception is linked to increased
effort, perseverance, enthusiasm, professional commitment,
classroom management, and even teachers’ attitudes toward
their students. Other studies found a positive relationship
between teachers’ creative self-perception and their beliefs
on teaching for creativity (Diaz-Diaz et al., 2025; Izquierdo-
Sanchis et al., 2025). Therefore, it is crucial for teachers and
pre-service teachers to develop a strong creative self-concept
in science, as it fosters optimism and motivation, enabling
them to inspire their students with a sense of interest, social
relevance, and curiosity about science in a creative manner
(Kinskey and Callahan, 2022).

Self-efficacy has a significant influence on both motivation
and cognition, particularly on cognitive control, which are
two critical constructs in goal-directed behavior. Researchers
are increasingly investigating how motivation and cognitive
control interact (Yee and Braver, 2018), with dopamine
identified as a key neuromodulator in these interactions.

The Value-Based Cognitive Control framework, recently
proposed by Westbrook and Braver (2015), conceptualizes this
interaction as a decision-making process where motivation is
weighed against the cognitive effort required to achieve a goal.
This framework highlights how individuals make decisions
based on the balance between the desire to achieve a goal and
the mental resources that they are willing to invest.

The correlation between self-efficacy and teaching practice
is not always straightforward, as some researchers encounter
discrepancies when using self-reported data, which may not
accurately reflect the actual instructional practices teachers
implement in the classroom (Kruse et al., 2021). To address
this issue, our study aimed to investigate whether the self-
perceptions of pre-service teachers are related to more
objective evaluations of their creativity in science classrooms.

Specifically, we focused on their inquiry skills and their ability

to design and conduct activities that foster scientific creativity

in students. Based on this general objective, the following
research questions were formulated:

1. Whatis the self-perception of scientific creativity in early
childhood and primary school teachers in training?

2. What is their ability to differentiate creative activities
from non-creative ones in science?

3. What are their inquiry skills, as a form of scientific
creativity?

4. Is there a relationship between their creative self-
perception and their performance in the above-mentioned
competences?

5. Arethere differences according to content domain (branch
of studies in secondary school) or gender?

METHODOLOGY

An ex post facto descriptive design was used in this study to
quantitatively analyze self-perceptions of scientific creativity
in teachers in training and their performance in different tasks
related to scientific creativity. As a descriptive study, there
was no experimental intervention or pre-post comparison of
teaching practices.

Participants

Participants were a convenience sample of 213 students
belonging to the 2" year of the Primary Education Teaching
degree at the Faculty of Teacher Training of a university located
in a large Spanish city. One hundred and eighty identified as
female (84.5%) and 31 as male (15.5%), which is in accordance
with the total population of sophomore students in this degree
(two people identified themselves as non-binary and were
not included in the gender analysis). The entire participating
sample was studying at least one scientific subject (“Natural
Sciences for teachers” with a workload of 90 teaching hours).
The branch of previous studies completed in high school by
most students was “Social Sciences and Humanities,” with
76.5% (n=163), followed by “Science and Technology,” with
18.3% (n=39).
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Instruments

Three validated instruments were used to measure CSE, the
ability to differentiate between creative and non-creative
incidents in the classroom and inquiry skills. All of them were
previously translated to Spanish.

The CSE in science was measured according to Beghetto et al.
(2011) with five Likert-type items ranging from 1 (not true) to
5 (very true). Cronbach’s alpha of the Spanish translation was
0.812, which indicates a very good reliability.

The ability to differentiate between creative and non-creative
incidents in the classroom was measured with the instrument
developed by Newton and Newton (2010). Originally, it was
comprised of 36 short classroom incidents in three dissimilar
science topics: Earth, Space, and Gravity; Electricity; and Plants
and Animals. For the present study, only the 24 incidents related
to the first two topics were used to not overload the participants.
There were eight incidents favoring creative thought in science
and eight incidents biased toward non-creative thought
in science (four related with descriptive science and four
with explanatory science). These 16 items corresponded to
Field 1 (constructing notional scientific knowledge such as
speculative descriptions of situations, tentative explanations,
and hypothesis) and Field 2 (constructing empirical ways of
gathering knowledge and evaluating ideas). Four additional
items were related to incidents in Field 3 (applying scientific
knowledge to solve a practical problem). There were also four
items involving creative thought but not related to science.
The various categories of items appeared equally for each of
the two topics. The degree of stimulation of creativity in each
situation is asked to be rated using a 5-level Likert scale, where
the lowest level means “no opportunity to develop scientific
creativity” and the highest-level means “a very good or great
opportunity to develop scientific creativity.”

The Inquiry skills test was adapted from the one developed
by Cuevas et al. (2005), which was composed of eight
items. The adaptation used in this study had four items, one
closed question and three open questions (one of them with
different sub-sections) to assess the six studied variables
(Izquierdo-Sanchis and Solaz-Portolés, 2022). From a
given text narrating a daily problematic situation with
the phenomenon of evaporation, each person is asked: To
formulate the research question; to determine the dependent
variable (DV), the independent variables (IVs) and the control
variables (CVs); to formulate an appropriate hypothesis; and
to describe how the experiment would be carried out (steps,
conditions, materials, their use, etc.) to be able to answer the
initial research question and thus resolve the problematic
situation raised. A specific rubric was created to evaluate
responses and was validated through multiple rounds of inter-
judge agreement. The rubric categorized responses into three
levels: 0 (no response or incorrect one), 1 (partially correct
or incomplete), and 2 (correct and complete). To assess the
reliability of the scientific inquiry questionnaire, Cronbach’s
Alpha coefficient was calculated, yielding a value of 0.619.

This value is considered satisfactory given the characteristics
of the questionnaire, which includes a small number of items,
each requiring different types of knowledge.

Data Gathering and Analysis

The pre-service teachers completed the paper-based
questionnaires in a typical class session. These included
sociodemographic data and the validated questionnaires
described in the previous section. All participants received
information about the scope of the research and the data
anonymization protocol, and they signed an informed consent
form to participate in the study.

Descriptive statistical analysis was done using the Statistical
Package for the Social Sciences software version 26.
Particularly, mean and standard deviation were calculated for
each of the variables. To check the normality of the distributions,
Kolmogorov—Smirnov test for one sample was used. As all the
distributions turned out to be non-normal, non-parametric tests
were used for comparisons. Mann—Whitney U-test was used
for independent samples (differences according to gender
or studies before the degree) and Wilcoxon signed-rank test
was used for related samples (ability to differentiate between
non-creative and creative activities). The correlation between
variables was studied by Pearson’s correlation coefficient. In
all cases, the significance level was set at 0.05.

FINDINGS

CSE in Science

Total mean scores for CSE in science and those obtained
according to gender and branch of prior studies are shown
in Table 1. It is apparent that the conception of CSE in this
group of pre-service teachers varied significantly among
individuals with a minimum of 1.20 and a maximum of 4.80
(from a potential range of 1-5). The mean value was 3.08,
similar to the one obtained by Beghetto et al. (2011) for
US elementary school students and Hartley et al. (2016) for
Chinese elementary school students.

As shown in Table 1, there were no statistically significant
differences according to gender, in agreement with previously
published studies (Beghetto et al., 2011; Hartley et al.,
2016), although He and Wong (2021) recently found gender
differences for general CSE in undergraduate students.
However, the branch of prior studies proved to be an important

Table 1: Descriptive statistics and Mann—-Whitney test
results for creative self-efficacy in science

Variable Mean Standard deviation z p
Prior studies

Science and technology  3.46 0.46 —4.454 0.000*
Rest 2.99 0.62

Gender

Male 3.04 0.64 1.930 0.054
Female 3.27 0.48

Total 3.08 0.62

*significant correlation at the 0.05 level
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variable in the self-perception of CSE in science, since there
were statistically significant differences between those students
that had studied a baccalaureate in science and technology and
the rest, with a large size effect (Cohens’ d = 0.86). This result
is in line with previous studies that stated that self-efficacy
is influenced positively by prior knowledge and prior ability
(Ineson et al., 2013; Bandura, 1997).

Ability to Identify Creative Activities in Science

Mean scores for the test items are shown in Table 2 (standard
deviations in brackets). The findings indicate that these pre-
service teachers generally rate creative incidents slightly
higher than non-creative ones. However, the difference in
ratings was much smaller than the one observed by Newton
and Newton (2010). This disparity may be because the
participants in Newton and Newton’s study were in-service
teachers, whereas our sample consists of pre-service teachers
in the early stages of their training. As a result, they may
not yet have fully grasped what it means to “be creative in
science.”

The data also suggest that these pre-service teachers found
it more challenging to distinguish between non-creative and
creative incidents in Field 2 (empirical methods of gathering
knowledge), as both types received very similar scores.
Additionally, items in Field 2 (empirical knowledge gathering)
and Field 3 (practical problem-solving), regardless of their
nature, generally received higher creativity scores than those
in Field 1 (constructing theoretical scientific knowledge).
This implies that these pre-service teachers perceive greater
potential for creative thinking in hands-on and problem-solving
tasks than in more theoretical activities.

To determine if the differences in scores between creative and
non-creative incidents were statistically significant, a Wilcoxon
signed-rank test for paired samples was conducted (Table 3).
The results indicate that score differences were statistically
significant for descriptive activities in Topic 1 within both
Field 1 (constructing theoretical scientific knowledge) and
Field 2 (empirical methods of gathering knowledge), with
medium effect sizes (Cohen’s d =0.52 and 0.60, respectively).

In Topic 2 of Field 1, the effect was even larger (Cohen’s
d = 1.04), although no significant difference was found in
Field 2. For explanation-based activities, students significantly
distinguished between creative and non-creative activities
in Field 1 for both Topics 1 and 2, with large effect sizes
(Cohen’s d = 1.35 and 0.80, respectively), but again, not in
Field 2. When evaluating problem-solving activities (Field 3),
significant differences emerged in both Topic 1 (small effect,
d=0.25) and Topic 2 (medium effect, d =0.55). Overall, these
findings suggest that pre-service teachers are generally able to
identify activities that are likely to foster scientific creativity
in the classroom.

To provide an overview of the results, we combined the
scores for all creative and non-creative activities by topic and
overall. These results, presented in Table 4, show that students
assigned higher scores to both creative and non-creative
activities in Topic 2 than in Topic 1. This may be due, as Jarvis
and Pell (2004) noted, to the fact that most primary teachers
(including pre-service teachers) are not science specialists,
leading to varied levels of understanding across topics, which
could affect their ability to assess creativity promotion in
different subjects. In addition, some students awarded high
scores — even the maximum of 5 points — to non-creative
activities across both topics. As shown in Table 4, the high
average score for non-creative activities suggests a limited
understanding of scientific creativity and how to nurture it.
Nevertheless, the analysis revealed that the score difference
between creative and non-creative activities was statistically
significant across all cases, with a large effect size for Topic
1 (d = 0.87) and for all items combined (d = 0.90), and a
medium effect size for Topic 2 (d = 0.75).

Regarding incidents of non-scientific creative thought
(Table 5), these activities also received high scores, with items
11 and 23 scoring similarly to creative scientific incidents
in both topics. Although items 12 and 24 received scores
closer to those given to non-creative scientific items, the
results suggest that these pre-service teachers may struggle
to clearly differentiate between scientific and non-scientific
creativity.

Table 2: Mean scores awarded to the incidents for fields 1, 2, and 3 (the higher the score, the greater the perceived

opportunity for creativity)

Field Kind of science
Description Explanation Problem-solving
Non-creat. Creat. Non-creat. Creat. Non-creat. Creat.
Topic: Earth, space, and gravity

Field 1 3.10 (1.11) 3.63(0.91) 2.59 (1.07) 3.92 (0.89)

Field 2 3.70 (0.97) 4.25(0.86) 3.67(0.98) 3.60 (0.93)

Field 3 3.54(1.10) 3.80 (0.95)

Topic: Electricity

Field 1 2.70 (1.05) 3.73 (0.93) 2.83 (1.10) 3.64 (0.84)

Field 2 4.26 (0.93) 4.26 (0.69) 3.95 (1.07) 3.93 (0.86)

Field 3 3.56 (1.11) 4.11 (0.86)
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Table 3: Results of the Wilcoxon signed-ranks test
for paired samples (creative vs. non-creative) for the
different topics and fields

Field Kind of science

Description Explanation Problem-solving
z p z P z P
Topic 1: Earth, space and gravity

Field 1 —5.840 0.000*** —10.086 0.000%**

Field2 —5.741 0.000%**  1.085 0.398

Field 3 —2.587  0.010%*
Topic 2: Electricity

Field1 —9.036 0.000%** —=7.665 0.000%**

Field2 -0.123  0.902 0.575 0.566

Field 3 =5.186  0.000%**

**significant correlation at the 0.01 level. ***significant correlation at the
0.001 level

Table 4: Descriptive statistics and results of the Wilcoxon
signed-ranks test for paired samples for the scores
awarded to creative and non-creative incidents in the
different topics (Topic 1: Earth, space, and gravity;

Topic 2: Electricity)

Type of incident Min Max Mean SD z p
Topic 1 creative 2.67 500 379 051 -9.686 0.000%***
Topic 1 non-creative  1.75 5.00 3.27 0.67

Topic 2 creative 260 500 393 051 -7.816 0.000%**
Topic 2 non-creative  1.20 5.00 3.45 0.74

Total creative 282 491 386 043 -9.833 0.000%**

Total non-creative 1.56 478 337 0.64
***significant correlation at the 0.001 level

To evaluate the impact of prior training and gender on pre-
service teachers’ ability to distinguish between creative and
non-creative scientific incidents, a new variable was created by
calculating the difference in scores assigned to creative versus
non-creative incidents in science (excluding the four items
related to non-scientific creative thought). A Mann—Whitney
test revealed that neither gender (U = 2239, Z = —0.502,
p=0.616) nor prior studies (U=2539, Z=—-1.422, p=0.155)
had a significant effect.

Inquiry Skills

The third questionnaire assessed competence in scientific
inquiry. Figure 1 displays the average scores for each
component evaluated: Problem statement, identification of the
DV, identification of the 1V, identification of CV, hypothesis
formulation, and experimental design. The questionnaire’s
overall mean score was 1.08 (SD = 0.42), with a minimum of
0.00 and a maximum of 2.00.

Given that Cuevas et al. (2005) designed this instrument for
12-year-old students, the scores achieved by this group of pre-
service teachers appear low. These results are consistent with
findings by Foulds and Rowe (1996), who reported similarly
low scores in scientific procedural skills among Australian

Table 5: Scores awarded to non-scientific creative
activities
Item The children look at pictures of planets while listening 3.75 (1.11)

11 to the Planet Suite, then use a xylophone to make
tunes which suit the Earth, Jupiter, and Mercury.

Item The teacher has the children write a diary about a 2.71 (1.05)
12 long journey on a spaceship giving attention to the

tensions of living together.
Item The children draw pictures of thunderstorms to make  3.71 (1.00)

23 a storm frieze for the classroom.

Item The teacher introduces the phrase, “bright spark,” and has  3.16 (1.14)
24 the children think up five sentences in which they use it.

1.8
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0.8
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0
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Inquiry skill

Score (max 2)

ED

Figure 1: Scores for each element of scientific inquiry

primary teacher students. This may reflect a generally low level
of scientific literacy among future primary teachers. Verdugo-
Perona et al. (2019) noted that pre-service primary teachers
enter university with a low level of conceptual knowledge in
science, which typically reaches a medium level by the end of
their studies. However, their procedural knowledge remains
low throughout their 4 years of training.

The inquiry skills, ranked from easiest to most challenging,
were as follows: 1) Formulating a research question (1.44),
2) identifying CVs (1.23), 3) identifying the IV (1.12),
4) formulating a hypothesis (0.96), 5) identifying the DV
(0.88), and 6) designing the experiment (0.82). These rankings
and scores align with findings from Chabalengula et al. (2012)
for U.S. pre-service teachers and Aydogdu et al. (2014) for
Turkish in-service teachers.

Male (M = 1.06, SD = 0.36) and female (M = 1.08,
SD = 0.43) participants showed similar total scores in inquiry
skills. As anticipated, a Mann—Whitney test confirmed that
this difference was not statistically significant (U = 1778.50,
Z=-0.396, p = 0.692). Although students with prior studies
in scientific fields scored slightly higher (M =1.13, SD =0.40)
than those without (M = 1.06, SD = 0.43), a Mann—Whitney
test also found this difference to be non-significant (U = 2406,
Z=-0.914, p=0.361). This finding contrasts with a study by
Izquierdo-Sanchis and Solaz-Portolés (2022), which reported
significant differences in inquiry skills based on prior scientific
studies among pre-service teachers.
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Table 6: Pearson correlation coefficients and
p values (in brackets) between the different variables

Variable CSE Ability to differentiate Inquiry
activities skills

CSE 1 0.021 (0.769) 0.091 (0.228)

Ability to 1 0.202 (0.007%*)

differentiate activities

Inquiry skills 1

**Significant correlation at the 0.01 level

Relationship among Variables

One research objective was to examine the relationship
between pre-service teachers’ perception of their CSE in
science and their actual skills to foster creativity in the
classroom — specifically, their ability to distinguish between
creative and non-creative science activities and their inquiry
skills. To investigate this, Pearson correlations were calculated
between CSE scores, the difference between the scores
awarded to creative and non-creative incidents in science, and
inquiry skills scores, as shown in Table 6.

The results indicate no significant correlation between CSE
in science and any of the selected creativity indicators.
However, a statistically significant correlation exists between
pre-service teachers’ ability to differentiate between creative
and non-creative activities in primary science and their inquiry
skills. This suggests that those with stronger inquiry skills are
also better at identifying activities that promote creativity.
However, their perceived CSE does not align with either of
these abilities, similar to findings from a study on Turkish
pre-service elementary teachers, who reported moderate self-
efficacy in teaching ability despite limited science knowledge
(Cantrell et al., 2003).

DISCUSSION AND CONCLUSION

This study explored the relationship between pre-service
teachers’ CSE beliefs and their performance in creative tasks.
It assessed their ability to differentiate between activities that
promote creativity in the science classroom and those of a
non-creative nature, as well as their inquiry skills. In addition,
the study examined the influence of prior studies and gender
on all these variables.

The results from this convenience sample indicated that the
participating pre-service teachers displayed a wide range of
CSE in science, with the mean value being moderate and
comparable to those reported in previous studies (Beghetto
et al., 2011; Hartley et al., 2016). Regarding their ability
to differentiate between creative and non-creative activities
in the science classroom, although there were statistically
significant differences between the scores assigned to both
types of activities, the outcomes were not entirely satisfactory.
The items considered creative yielded results similar to those
found in previous studies (Newton and Newton, 2010),
showing a clear recognition of these activities as opportunities
to foster creativity in students. However, many participants

also rated non-creative activities as valuable for developing
students’ creativity, which was contrary to expectations.
This could be attributed to the nature of their training at the
teacher education faculty, which emphasized general and
cross-disciplinary didactic training with limited focus on
disciplinary specialization, particularly in science, both of
which are components of pedagogical content knowledge
(Gudmundsdottir and Shulman, 1987).

The didactic training received by these pre-service teachers
primarily focuses on preparing activities, with greater emphasis
placed on the procedure and materials (i.e., what is done and
how) rather than on the content (i.e., what must be learned).
As a result, when presented with activities that involve
manipulation or the use of innovative materials, they often
perceive these activities as opportunities to foster creativity,
even if the activities themselves are non-creative in nature.

The results indicate that the participants in this study
perceive creativity in science as similar to creativity in other
school subjects, primarily focusing on “inventing ways of
executing actions and proposing novel activities.” They do
not seem to consider the specific content that needs to be
taught and learned, nor the way information is presented —
whether it is pre-established or discovered by students. This
misunderstanding of creativity in science, from a teaching
perspective, may explain the lack of distinction between
scores assigned to truly creative activities and those that are
non-creative (where all information is provided by the teacher)
but placed in novel contexts.

The results from the inquiry skills test were notably low for
university students, especially given that the situation presented
was appropriate for compulsory education. These results
agree with studies in which the scientific creativity of Spanish
secondary students is considered moderate/low (Pont-Niclos
etal., 2023; Pont-Niclos et al., 2024). This raises an important
concern for teacher educators, as inquiry skills are considered
crucial for fostering scientific and technological literacy, which
is essential for the future needs of society.

Interestingly, while pre-service teachers’ perceptions of their
CSE in science were influenced by prior training, this did not
translate into their ability to differentiate between creative
and non-creative incidents in science classrooms or into
their inquiry skills. These findings suggest that either science
training at the secondary education level is insufficient or
not focused on promoting scientific creativity. It would be
valuable to conduct a similar study in a few years, following
the implementation of the PISA creativity test and the new
educational law in Spain, which specifically addresses
creativity, to examine any potential progress in these areas.

On the other hand, teachers’ CSE is believed to be a key factor
in fostering creativity in the classroom (Nemerzitski and
Heinla, 2020), yet the results of the present study reveal that
CSE does not correlate with the actual scientific creativity of
pre-service teachers. Other studies have similarly shown that
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the perception of creativity in pre-service teachers does not
align with their performance in creative tasks (Echegoyen-Sanz
and Martin-Ezpeleta, 2021). To enhance the real CSE in science
for pre-service teachers, targeted actions should be taken since
the data from this descriptive study strongly suggest that pre-
service teachers lack the requisite skills and knowledge for
effective creative science teaching. A vision of science as a
creative human activity needs to be promoted. This could be
achieved by incorporating research-based learning activities
where the creative processes of science, such as proposing
research questions and formulating hypotheses, can be applied.
In addition, it would be beneficial to integrate specific training
programs and activities within the curriculum to help teachers
improve their CSE in science. Future intervention studies must
be implemented to observe and measure the specific changes
that training can produce by analyzing the development of
in- and out-of-class activities and the use of material resources
aimed at promoting scientific creativity in primary education.
This would complement the development of creativity in
secondary education, which should also evolve to better foster
creativity (Wyse and Ferrari, 2015).

Pre-service teachers need to strengthen their creative self-
concept and become more aware of how school science can
promote creativity. As part of their training, the non-creative
or creative nature of common classroom activities and
textbook exercises should be critically analyzed. Although
limited, studies on teaching materials suggest that there is
room for improvement in the inclusion of activities designed
to foster creativity (Trisnayanti et al., 2021). Problem-
based or project-based learning, which has been proven
to promote creative thinking (Siew et al., 2015), remains
underrepresented in Spanish education faculties and should
be encouraged.

Studies like the present one (which should be replicated
with a larger, more representative sample) highlight the need
for teacher training to align with the OECD’s emphasis on
creativity as a core element of education. It remains clear
that if teachers do not cultivate their own creativity, it will
be challenging for them to nurture their students’ creativity.

ETHICS STATEMENT

The combination of informed consent with anonymity and
confidentiality of responses ensures the ethical principles
and requirements established by the Ethics Committee of
the University of Valencia. Hence, ethical approval was not
required for the study involving human samples in accordance
with the local legislation and institutional requirements.

REFERENCES

Aish, D. (2014). Teachers’ Beliefs about Creativity in the Elementary
Classroom [Doctoral Thesis, University of Pepperdine]. ProQuest
Dissertations Publishing. Available from: https://www.proquest.com/
dissertations-theses/teachers-beliefs-about-creativity-elementary/
docview/1566193678/se-2?accountid=14777 [Last accessed on 2024
Oct 25].

Aktamis, H., & Ergin, O. (2008). The effect of scientific process skills
education on students’ scientific creativity, science attitudes and
academic achievements. Asia-Pacific Forum on Science Learning and
Teaching, 9(1), 1-21.

Aydogdu, B., Erkol, M., & Erten, N. (2014). The investigation of science
process skills of elementary school teachers in terms of some variables:
Perspectives from Turkey. Asia-Pacific Forum on Science Learning and
Teaching, 15(1), 1-29.

Bandura, A. (1997). Self-Efficacy: The Exercise of Control. New York:
Worth.

Beghetto, R.A., Kaufman, J.C., & Baxter, J. (2011). Answering the
unexpected questions: Exploring the relationship between students’
creative self-efficacy and teacher ratings of creativity. Psychology of
Aesthetics, Creativity, and the Arts, 5(4), 342-349.

Bereczki, E.O., & Karpati, A. (2018). Teachers’ beliefs about creativity
and its nurture: A systematic review of the recent research literature.
Educational Research Review, 23, 25-56.

Cantrell, P., Young, S., & Moore, A. (2003). Factors affecting science
teaching efficacy of preservice elementary teachers. Journal of Science
Teacher Education, 14(3), 177-192.

Caprara, G.V., Barbaranelli, C., Steca, P., & Malone, P.S. (2006). Teachers
self-efficacy beliefs as determinants of job satisfaction and students’
academic achievement: A study at the school level. Journal of School
Psychology, 44(6), 473-490.

Chabalengula, V.M., Mumba, F., & Mbewe, S. (2012). How pre-service
teachers’ understand and perform science process skills. Eurasia Journal
of Mathematics, Science and Technology Education, 8(3), 167-176.

Cheng, V.M.Y. (2010). Tensions and dilemmas of teachers in creativity
reform in a Chinese context. Thinking Skills and Creativity, 5(3),
120-137.

Cheung, P.C., Lau, S., Lubart, T., Chu, D.H., & Storme, M. (2016). Creative
potential of Chinese children in Hong Kong and French children in Paris:
A cross-cultural comparison of divergent and convergent-integrative
thinking. Thinking Skills and Creativity, 22,201-211.

Cruz, M., Garcia, A., & Criado, A.M. (2020). Proposing questions for
scientific inquiry and the selection of science content in initial
Elementary Education Teacher Training. Research in Science Education,
50(5), 1689-1711.

Cuevas, P, Lee, O., Hart, J., & Deaktor, R. (2005). Improving science
inquiry with elementary students of diverse backgrounds. Journal of
Research in Science Teaching, 42(3), 337-357.

Diaz-Diaz, M., Echegoyen-Sanz, Y., Pont-Niclos, 1., Izquierdo-Sanchis, E.,
& Martin-Ezpeleta, A. (2025). Creencias y autopercepciones sobre la
creatividad de docentes en ejercicio. Un estudio comparativo entre Chile
y Espana [Inservice teachers’ beliefs and self-perceptions of creativity.
A comparative study between Chile and Spain]. European Journal of
Education and Psychology, 18(1), 1-17.

Echegoyen-Sanz, Y., & Martin-Ezpeleta, A. (2021). Creativity and
ecofeminism in teacher training. Qualitative analysis of digital stories.
Profesorado, 25(1), 23-44.

Foulds, W., & Rowe, J. (1996). The enhancement of science process skills
in primary teacher education students. Australian Journal of Teacher
Education, 21(1), 15-23.

Gralewski, J., & Karwowski, M. (2019). Are teachers’ ratings of students’
creativity related to students’ divergent thinking? A meta-analysis.
Thinking Skills and Creativity, 33, 100583.

Gudmundsdottir, S., & Shulman, L. (1987). Pedagogical content knowledge
in social studies. Scandinavian Journal of Educational Research, 31(2),
59-70.

Hartley, K.A., Plucker, J.A., & Long, H. (2016). Creative self-efficacy and
teacher ratings of student creativity in Chinese elementary classrooms.
Thinking Skills and Creativity, 22, 142-151.

He, WJ., & Wong, W.C. (2021). Gender differences in creative self-
efficacy: Findings of mean and variability analyses. Thinking Skills and
Creativity, 42, 100955.

Henriksen, D., Mishra, P., & Fisser, P. (2016). Infusing creativity and
technology in 21% century education: A systemic view for change.
Journal of Educational Technology and Society, 19(3), 27-37.

Hetherington, L., Chappell, K., Ruck Keene, H., Wren, H., Cukurova, M.,
Hathaway, C., Sotiriou, S., & Bogner, F. (2020). International educators’

-Science Education International | Volume 36 | Issue 4

379




Izquierdo-Sanchis, et al.: Creative self-efficacy in science and performance

perspectives on the purpose of science education and the relationship
between school science and creativity. Research in Science and
Technological Education, 38(1), 19-41.

Huang, C.F., & Wang, K.C. (2019). Comparative analysis of different
creativity tests for the prediction of students’ scientific creativity.
Creativity Research Journal, 31(4), 443-447.

Ineson, E.M., Jung, T., Hains, C., & Kim, M. (2013). The influence of prior
subject knowledge, prior ability and work experience on self-efficacy.
Journal of Hospitality, Leisure, Sport and Tourism Education, 12(1),
59-69.

Izquierdo-Sanchis, E., & Solaz-Portolés, J.J. (2022). Capacidad de
indagacion cientifica del profesorado de primaria en formacion: Efectos
del género y de la formacion previa [Scientific inquiry ability of pre-
service primary school teachers: Effects of gender and prior training].
Revista Universidad y Sociedad, 14(5), 109-120.

Izquierdo-Sanchis, E., Echegoyen-Sanz, Y., & Martin-Ezpeleta, A. (2025).
Primary school teachers’ creative self-perception and beliefs on teaching
for creativity. Education Sciences, 15(2), 211.

Izquierdo-Sanchis, E., Solaz-Portolés, J.J., Martin-Ezpeleta, A., &
Echegoyen-Sanz, Y. (2023). Ability of Spanish preservice teachers
to differentiate between creative and reproductive activities in the
classroom. In: Domenech, J., Menéndez, D., Martinez-Varea, A.,
Llacer-Iglesias, R., & Brunetto, D. (Eds), 9" International Conference
on Higher Education Advances (HEAd’23). Editorial Universitat
Politecnica de Valéncia, pp. 67-73.

Jarvis, T., & Pell, A. (2004). Primary teachers’ changing attitudes and
cognition during a two-year in-service science programme and their
effects on pupils. International Journal of Science Education, 26,
1787-1811.

Karwowski, M., Dul, J., Gralewski, J., Jauk, E., Jankowska, D.M.,
Gajda, A., Chruszczewski, M.H., & Benedek, M. (2016). Is creativity
without intelligence possible? A necessary condition analysis.
Intelligence, 57, 105-117.

Kinskey, M., & Callahan, B.E. (2022). The influences of socioscientific
issues on general science teaching self-efficacy. Research in Science
Education, 52, 1451-1465.

Kruse, J., Henning, J., Wilcox, J., Carmen, K., Patel, N., & Seebach, C.
(2021). Investigating the correlation between preservice elementary
teachers’ self-efficacy and science teaching practices. Journal of Science
Teacher Education, 32(4), 469-479.

Ley Organica. (2020). Por la Que se Modifica la Ley Organica 2/2006, de
3 de mayo, de Educacion. Boletin Oficial del Estado, 340, de 30 de
diciembre de 2020, 122868-122953. [Organic Law 3/2020, of December
29, amending Organic Law 2/2006, of May 3, on Education. Official
State Bulletin, 340, of December 30, 2020, 122868-122953]. Available
from: https://www.boe.es/eli/es/10/2020/12/29/3

Liu, X.X., Gong, S.Y., Zhang, H.P., Yu, Q.L., & Zhou, Z.J. (2021). Perceived
teacher support and creative self-efficacy: The mediating roles of
autonomous motivation and achievement emotions in Chinese junior
high school students. Thinking Skills and Creativity, 39, 100752.

Lubart, T., Kharkhurin, A.V.,, Corazza, G.E., Besangon, M.,
Yagolkovskiy, S.R., & Sak, U. (2022). Creative potential in science:
Conceptual and measurement issues. Frontiers in Psychology,
13, 750224.

Martins, D., & McCauley, V. (2021). Creativity in science: A dilemma for
informal and formal education. Science Education, 105(3), 498-520.

Mullet, D.R., Willerson, A., Lamb, K.N., & Kettler, T. (2016). Examining
teacher perceptions of creativity: A systematic review of the literature.
Thinking Skills and Creativity, 21, 9-30.

Nemerzitski, S., & Heinla, E. (2020). Teachers’ creative self-efficacy, self-
esteem, and creative teaching in Estonia: A framework for understanding
teachers’ creativity-supportive behaviour. Creativity, 7(1), 183-207.

Newton, L.D., & Newton, D.P. (2010). What teachers see as creative
incidents in elementary science lessons. International Journal of
Science Education, 32(15), 1989-2005.

OECD. (2019). PISA 2021 Creative Thinking Framework (Third Draft).
OECD Publishing. Available from: https://www.oecd.org/pisa/
innovation/creative-thinking [Last accessed on 2024 Oct 30].

Ozder, H. (2011). Self-efficacy beliefs of novice teachers and their
performance in the classroom. Australian Journal of Teacher Education,
36(5), 1-15.

Patston, T.J., Kaufman, J.C., Cropley, A.J., & Marrone, R. (2021). What is
creativity in Education? A qualitative study of international curricula.
Journal of Advanced Academics, 32(2), 207-230.

Pont-Niclos, 1., Martin-Ezpeleta, A., & Echegoyen-Sanz, Y. (2023). The
turning point: Scientific creativity assessment and its relationship
with other creative domains in first year secondary students. Jurnal
Pendidikan IPA Indonesia, 12,221-231.

Pont-Niclos, 1., Martin-Ezpeleta, A., & Echegoyen-Sanz, Y. (2024).
Scientific creativity in secondary students and its relationship with
STEM-related attitudes, engagement and work intentions. Frontiers in
Education, 9, 1-13.

Puryear, J.S. (2016). Inside the creative sifter: Recognizing metacognition
in creativity development. The Journal of Creative Behavior, 50(4),
321-332.

Qian, M., Plucker, J.A., & Yang, X. (2019). Is creativity domain specific or
domain general? Evidence from multilevel explanatory item response
theory models. Thinking Skills and Creativity, 33, 100571.

Ramnarain, U. (2018). Scientific literacy in East Asia: Shifting toward an
inquiry-informed learning perspective. In: Lee, Y.J., & Tan, J. (Eds.).
Primary Science Education in East Asia. Berlin: Springer, pp. 201-213.

Scotney, V.S., Weissmeyer, S., Carbert, N., & Gabora, L. (2019). The
ubiquity of cross-domain thinking in the early phase of the creative
process. Frontiers in Psychology, 10, 1426.

Siew, N.M., Chong, C.L., & Lee, B.N. (2015). Fostering fifth graders’
scientific creativity through problem-based learning. Journal of Baltic
Science Education, 14(5), 655-669.

Skiba, T., Tan, M., Sternberg, R.J., & Grigorenko, E.L. (2010). Roads not
taken, new roads to take: Looking for creativity in the classroom. In:
Beghetto, R.A., & Kaufman, J.C., (Eds.), Nurturing Creativity in the
Classroom. Cambridge University Press, pp. 252-269.

Soh, K. (2017). Fostering student creativity through teacher behaviors.
Thinking Skills and Creativity, 23, 58-66.

Soulé, H., & Warrick, T. (2015). Defining 21* century readiness for all
students: What we know and how to get there. Psychology of Aesthetics,
Creativity, and the Arts, 9(2), 178-186.

Sun, M., Wang, M., & Wegerif, R. (2020). Effects of divergent thinking
training on students’ scientific creativity: The impact of individual
creative potential and domain knowledge. Thinking Skills and Creativity,
37, 100682.

Sung, T.K. (2015). The creative economy in global competition.
Technological Forecasting and Social Change, 96, 89-91.

Trisnayanti, Y., Ashadi, Widha, & Masykuri, M. (2021). Profile of junior high
school science textbooks: Fulfillment of the higher-order thinking skills
component. Journal of Physics: Conference Series, 1842(1), 012053.

Verdugo-Perona, J.J., Solaz, J.J., & Sanjosé, V. (2019). Evaluacion del
conocimiento cientifico en maestros en formacion inicial: El caso de
la Comunidad Valenciana [Assessment of pre-service teachers’ science
knowledge: The case of Valencian Community in Spain]. Revista de
Educacion, 383, 133-162.

Westbrook, A., & Braver, T.S. (2015). Cognitive effort: A neuroeconomic
approach. Cognitive, Affective, and Behavioral Neuroscience, 15,
395-415.

Wyse, D., & Ferrari, A. (2015). Creativity and education: Comparing
the national curricula of the states of the European Union and the
United Kingdom. British Educational Research Journal, 41(1),
30-47.

Xue, Y., Gu, C., Wu, J., Dai, D.Y., Mu, X., & Zhou, Z. (2020). The effects
of extrinsic motivation on scientific and artistic creativity among middle
school students. The Journal of Creative Behavior, 54(1), 37-50.

Yang, K.K., Lin, S.F., Hong, Z.R., & Lin, H.S. (2016). Exploring the
assessment of and relationship between elementary students’ scientific
creativity and science inquiry. Creativity Research Journal, 28(1),
16-23.

Yee, D.M., & Braver, T.S. (2018). Interactions of motivation and cognitive
control. Current Opinion in Behavioral Sciences, 19, 83-90.

Science Education International | Volume 36 | Issue 4 -




