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Abstract
Creativity is regarded as a core competency for adolescents to excel in a rapidly
changing environment. Developmental psychologists have devoted tremendous
efforts to studying the development of creativity, yet no consensus has been
reached. Researchers have identified numerous factors influencing creativity de-
velopment, including individual differences (e.g., gender differences) and school
environments during growth. Moreover, these studies have not meticulously
characterized the developmental trajectory of creativity from both initial level
and growth rate perspectives. Integrating these potential factors influencing
creativity development and addressing the limitations of existing research, the
present study designed a longitudinal investigation to examine the developmen-
tal trajectory of creativity among upper elementary school students, analyze at
the between-person level how gender and school support (including teacher sup-
port and peer support) influence this trajectory, and investigate at the within-
person level whether changes in school support lead to changes in creativity
development.

Two hundred and three fourth-grade students from three elementary schools
(109 boys and 94 girls, mean age = 10.43 years, SD = 0.62 years, at the first
testing phase, T1) participated in a three-year longitudinal study and were as-
sessed three times (T1, T2, T3). The Runco Creativity Assessment Battery
(Figural Divergent Thinking Test from rCAB) and the Perceived School Cli-
mate Scale were used to measure creativity and school support, respectively.
The research project was reviewed and approved by the Ethics Committee of
Shandong Normal University, and informed consent was obtained from partici-
pants’parents. This study used SPSS 22.0 and HLM 6.08 software to manage
and analyze data, conducting a series of statistical analyses including descrip-
tive statistics, correlation analysis, and multilevel linear analysis to explore the
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developmental trajectory of creativity and the potential relationship between
school support and creativity development.

The research findings are as follows: (1) Creativity fluency among upper elemen-
tary school students from grades 4 to 6 exhibited a linear growth trend, whereas
creativity flexibility and originality showed nonlinear growth trends. Addition-
ally, the initial level of creativity was positively correlated with its growth rate.
(2) Individual differences existed in the initial levels of fluency, flexibility, and
originality, as well as in the growth rates of fluency and originality. (3) The
initial levels of flexibility and originality were significantly higher among upper
elementary school girls than among boys. (4) At the between-person level, the
interaction between teacher support and gender significantly predicted the ini-
tial level of flexibility; teacher support significantly and positively predicted the
initial level of fluency and the growth rate of originality. (5) At the within-
person level, changes in teacher support significantly and positively predicted
the development of fluency.

This study represents the first longitudinal research in the domestic creativity
field in recent years. The findings contribute to deepening the understanding
of developmental patterns of creativity in elementary school students and of-
fer practical guidance for fostering creativity among upper elementary school
students.
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Abstract

This study conducted a three-year longitudinal assessment of 203 fourth-grade
students (through sixth grade) and employed multilevel analysis to examine de-
velopmental trends in creativity, gender differences, and the impact of teacher
and peer support on creative development. Results indicated: (1) Fluency
among fourth- through sixth-grade students showed a linear growth trajectory,
while flexibility and originality exhibited nonlinear growth patterns, with posi-
tive correlations between initial levels and growth rates. (2) Girls demonstrated
higher initial levels of flexibility and originality than boys. (3) Teacher support
positively predicted boys’initial flexibility levels, as well as fluency’s initial
level and originality’s growth rate. (4) The development of teacher support
positively predicted the development of fluency.
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Introduction
Creativity represents the product of interaction among ability, process, and en-
vironment, defined as the capacity to produce novel and appropriate products
accepted by specific sociocultural contexts (Plucker, Beghetto, & Dow, 2004).
Creativity plays a vital role in individual adaptation and future development,
regarded as a core competency for adolescents to thrive in a rapidly changing
world (Florida, 2002). To effectively cultivate creativity in upper elementary
students, we must first understand the fundamental developmental trends, in-
fluencing factors, and underlying mechanisms of creativity during this period,
particularly within contemporary Chinese cultural contexts. This constitutes
the first research question addressed in this paper. Gender differences in cre-
ativity development represent a fundamental issue, yet previous research has
yielded inconsistent conclusions regarding gender effects on creativity. Build-
ing upon the first question, this study examines whether developmental trends
in creativity among upper elementary students exhibit gender differences—our
second research question.

Creativity is a highly complex ability characterized by its close relationship with
environmental context (Maker, Jo, & Muammar, 2008). For elementary stu-
dents, both family and school environments constitute important life contexts.
While numerous studies have investigated family environment influences on cre-
ativity development (Li, Wang, & Shi, 2004; Ren, Li, & Zhang, 2017; Shan,
Gao, Li, Xu, & Li, 2019), research on school environmental impacts remains
insufficient. The elementary years represent a critical transition from family-
centered to school-centered life, with practical innovation ability identified as a
core competency in the new era. Social support represents a key factor affecting
creativity development (Amabile, 1996). Supportive school environments derive
from two primary sources: teachers and peers (Day, Fish, Grossman, & Russell,
2020; Guo, Li, Wang, Ma, & Ma, 2020). How do teacher support and peer
support influence creativity development in upper elementary students? This
constitutes our third research question.

Given creativity’s significance in child development, researchers have pub-
lished extensive studies on developmental trends and influencing mechanisms
(Camp, 1994; Charles & Runco, 2001; Cheung, Lau, Chan, & Wu, 2004; Hu,
Wan, & Yu, 2011; Wo, Wang, Liu, & Lin, 2009). However, most existing re-
search has employed cross-sectional designs or short-term longitudinal studies,
focusing primarily on between-individual relationships. No studies have simul-
taneously examined school support’s predictive effects on creativity at both
between-individual and within-individual levels. Between-individual effects re-
veal how school support predicts creativity at the individual differences level,
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while within-individual effects examine covariation between changes in school
support and creativity development within individuals. This study adopts a lon-
gitudinal design and multilevel analysis to investigate creativity development
trends in upper elementary students and whether school support can predict
and explain individual differences in creativity development at both between-
individual and within-individual levels.

1.1 Developmental Trends in Creativity

Torrance (1968) conducted the earliest longitudinal study on creativity develop-
ment in elementary students, identifying a “fourth-grade slump”phenomenon.
Torrance speculated that children’s need to conform to classroom expectations
during their initial school years contributed to this slump. This finding gener-
ated substantial research interest, yet conclusions regarding peak and trough pe-
riods in creativity development remain inconsistent. Smith and Carlsson (1990)
conducted cross-sectional studies showing creativity declining from second to
third grade, reaching its nadir, then peaking from fifth to sixth grade, lead-
ing them to infer that genuine creativity development begins between fifth and
sixth grade. Camp (1994) found in a longitudinal study of grades 1-12 that
creativity increased from grades 4-6, decreased from grades 6-9, then rose again
through grade 12. Conversely, some studies found originality declining from
grades 4-6 while idea elaboration increased from grades 6-9 (Claxton, Pannells,
& Rhoads, 2005). Charles and Runco (2001) discovered that fluency peaked
in fourth grade, significantly higher than in third or fifth grades. Maker et
al. (2008) found creativity increasing from kindergarten through sixth grade
without significant fluctuations.

Within Chinese cultural contexts, researchers have also accumulated findings.
Cheung et al. (2004) found creativity continuously increasing from grades 4-6
among Hong Kong students. Li et al. (2004) reported that fluency and flexibility
in practical creativity showed growth trends from grades 4-6. Wo et al. (2009)
found overall creativity increasing from grades 4-6. Hu et al. (2011), using a
self-developed technological creativity test, identified a peak in fifth grade and a
trough in sixth grade. However, these studies employed cross-sectional designs,
with no large-scale longitudinal reports available.

Inconsistencies in existing research reflect both the complexity of individual cre-
ativity development and methodological limitations. First, most studies used
cross-sectional designs, which, despite providing general developmental informa-
tion, cannot reveal true developmental patterns due to cohort effects. Second,
existing longitudinal studies employed small sample sizes—for example, 25 par-
ticipants in Claxton et al. (2005) and 33 in Camp (1994)—resulting in unstable
findings (Lau & Cheung, 2010). Moreover, previous research was primarily con-
ducted in Western cultural contexts, with Chinese-based studies mostly cross-
sectional. This study employs longitudinal design to accurately capture creativ-
ity development trends among Chinese upper elementary students within their
specific cultural context. Finally, previous findings represent general trends

chinarxiv.org/items/chinaxiv-202007.00019 Machine Translation

https://chinarxiv.org/items/chinaxiv-202007.00019


for sample populations, lacking detailed examination of both initial levels and
growth rates in creativity development and their influencing factors.

Addressing these limitations, this study utilizes longitudinal design and multi-
level analysis to investigate creativity development trends from both initial level
and growth rate perspectives.

1.2 Gender Differences in Creativity Development Trends

Regarding gender differences in creativity, early Chinese research by Zheng and
Xiao (1983) found middle school boys significantly outperformed girls in creative
thinking flexibility. Shi et al. (1999) found no significant gender differences in
numerical, figural, and practical creative thinking among Chinese and German
elementary students. Wo et al. (2009), using a self-developed adolescent creative
thinking test, found girls significantly outperformed boys in divergent thinking
fluency and flexibility. Hu et al. (2011) found no significant overall gender
differences in technological creativity among 9-15-year-old students.

In summary, existing research has primarily focused on gender differences in
creativity developmental levels rather than growth rates, though differential
cognitive development speeds represent an important aspect of gender differ-
ences (McArdle, Grimm, Hamagami, Bowles, & Meredith, 2009). Therefore,
this study employs longitudinal design to examine whether gender differences
exist in both initial levels and growth rates of creativity among upper elementary
students.

1.3 The Relationship Between School Support and Creativity

According to creativity component theory, supportive environments constitute
important variables for creativity development (Amabile, 1996). School support
represents a crucial social support source beyond family support. Upon enter-
ing school life, teachers and peers become significant others, making school
support derive from both teacher and peer sources (Day et al., 2020; Guo et
al., 2020). Empirical creativity research demonstrates that teacher support
and peer support significantly influence student creativity development. For
instance, Torrance and Myers (1970) found that when teachers foster respectful,
relaxed, and open classroom climates, students’creative idea expression is en-
hanced. Ma (2009) meta-analyzed school variables affecting creativity, finding
that teacher encouragement of creative and reflective thinking promoted creativ-
ity development. Choi (2004) confirmed in a three-month longitudinal study
that teacher support positively predicted student creativity. Han, Hu, and Jia
(2013) analyzed group structure effects on elementary students’creative prob-
lem posing, finding that peer-interactive learning methods—that is, supportive
peer relationships—better promoted creative question generation. While these
studies separately confirmed teacher and peer support effects, none examined
their interactive impact on creativity.

More importantly, these studies examined between-individual effects of school
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support on creativity, yielding results that mixed between- and within-
individual effects (Galla et al., 2014). Therefore, it is necessary to examine
interactive effects at both between-individual and within-individual levels
separately. Additionally, previous research predominantly used cross-sectional
designs, focusing on how environmental factors affect creativity developmental
levels rather than examining individual differences in creativity growth rates
and their causes. Creativity is dynamic, and environmental influences permeate
its entire developmental process, affecting not only specific time points but
also the overall developmental “speed.”Therefore, longitudinal design is nec-
essary to examine environment-creativity relationships from a developmental
perspective.

In summary, this three-year longitudinal study investigates creativity devel-
opment trends among upper elementary students (grades 4-6), examining at
the between-individual level how gender and school (teacher/peer) support af-
fect creativity initial levels and growth rates, and at the within-individual level
whether school (teacher/peer) support covaries with creativity.

Method
2.1 Participants

Using cluster random sampling, 203 fourth-grade students were selected from
three ordinary elementary schools in a city for three annual assessments (T1,
T2, T3). At initial testing, participants’mean age was 10.43 years (SD = 0.62),
including 109 boys and 94 girls. Maternal education: 39.9% bachelor’s degree
or above, 48.8% below bachelor’s but above high school (including high school
graduates), and 11.3% below high school. Paternal education: 48.7% bachelor’
s degree or above, 41.9% below bachelor’s but above high school, and 9.4%
below high school.

Longitudinal studies often encounter missing data. In this study, some partici-
pants were lost due to school transfers or absences. Two hundred three partici-
pants completed T1, 198 completed T2 (5 lost), and 178 completed T3 (20 lost).
Chi-square and t-tests revealed no significant differences between attrition and
complete-case participants in gender (�2(1) = 0.46, p = 0.500) or T1 measures
of fluency, flexibility, originality, teacher support, and peer support (ts < 1.73,
ps > 0.05), indicating no systematic attrition.

2.2 Measures

2.2.1 Creativity Assessment This study used the figural tasks from Runco
and colleagues’creativity assessment battery (rCAB) to measure creativity in
upper elementary students. In these tasks, participants are presented with
simple line drawings and asked to list all possible objects the drawings could
represent within four minutes. The battery includes three sets of figural tasks,
each containing three drawings. Different sets were used at each testing occa-
sion to avoid practice effects. The instrument demonstrates good reliability and
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validity in previous research (Ren et al., 2017; Runco et al., 2011). Following
the Creativity Testing Service guidelines, all tasks were scored on three dimen-
sions: fluency, flexibility, and originality. Fluency refers to the number of ideas
generated; flexibility indicates the number of categories represented, reflecting
mental set-breaking; originality scores ideas based on novelty, assigning 1 point
to ideas generated by $�$5% of participants and 0 otherwise.

The scoring procedure is illustrated using one task. First, an Excel file was cre-
ated for each drawing task, with raters entering each participant’s ID and all
generated ideas. Raters then reviewed and eliminated inappropriate responses.
Finally, two raters classified and evaluated all ideas through multiple rounds of
review and discussion to determine category counts, category assignments for
each idea, and counts of original ideas. For example, responses to a “spiral
line”drawing were classified into 10 categories (daily life, entertainment, archi-
tecture, animals/plants, etc.). If a participant listed 10 ideas across 3 categories,
with 4 ideas generated by $�$5% of participants, their fluency, flexibility, and
originality scores would be 10, 3, and 4, respectively. The creativity measure
was administered three times at one-year intervals with consistent procedures.
Inter-rater reliability ≥ 0.95. Internal consistency reliabilities were: fluency =
0.75, 0.78, 0.77; flexibility = 0.69, 0.71, 0.70; originality = 0.64, 0.62, 0.63.

2.2.2 School Support Teacher and peer support were measured using items
from Jia et al.’s (2009) adapted Perceived School Climate questionnaire, which
demonstrates good reliability and validity (Jia et al., 2009). Teacher support (7
items) assessed teachers’emotional and academic support (e.g., “My teachers
care about me”). Peer support (13 items) measured emotional support among
peers (e.g.,“Students are friendly to each other”). Both used 4-point scales (1 =
never to 4 = always). Both measures were administered three times at one-year
intervals. Internal consistency reliabilities were: teacher support = 0.83, 0.89,
0.90; peer support = 0.89, 0.90, 0.92.

2.2.3 Family Socioeconomic Status (SES) Family SES was computed
from parental occupation and education. Occupations were categorized into
16 types and scored based on professional/technical level: “farmer”and “un-
employed”= 1; “worker”and “self-employed”= 2; “salesperson,”“driver,”
and “other”= 3; “doctor,”“teacher/researcher,”“accountant,”and “mili-
tary”= 4; “lawyer,”“engineer,”“manager,”“civil servant,”and “private busi-
ness owner”= 5. Parental education included six categories from “elementary
school or below”to “graduate degree,”scored 1-6. Following Fan et al. (2012),
parental occupation and education were converted to z-scores due to different
ranges, then subjected to principal component analysis. SES was computed as:
SES = (𝛽1 × Z_{father}{occupation} + 𝛽2 × Z{mother}{occupation} + 𝛽3 ×
Z{father}{education} + 𝛽4 × Z{mother}_{education}) / �_f, where 𝛽1-𝛽4 are
factor loadings and �_f is the first factor’s eigenvalue. Higher scores indicate
higher SES.
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2.3 Procedure

After obtaining informed consent from school administrators and parents, group
testing was conducted by class, with two trained examiners (psychology grad-
uate students) per class. Training covered instructions, questionnaire content,
examiner responsibilities, and precautions.

2.4 Data Analysis Strategy

Data from 203 valid questionnaires were coded and entered into a database for
analysis using SPSS 22.0 and HLM 6.08. First, descriptive statistics and Pearson
correlations examined relationships among creativity, teacher support, and peer
support across three time points. Second, HLM 6.08 built unconditional models
to assess creativity developmental trends. Gender (a time-invariant factor) was
then added to examine gender differences. Third, school support (a time-varying
factor) was added to examine its predictive effects on creativity trends.

Missing data in longitudinal studies were addressed using Little’s MCAR test
(Little, 1988), which indicated completely random missingness, �2(15) = 15.49,
p = 0.417. Subsequent multilevel analyses allowed for missing data using Re-
stricted Maximum Likelihood (REML) estimation.

Results
3.1 Descriptive Statistics and Correlation Analysis

Table 1 presents means, standard deviations, and correlations for all variables.

Pearson correlations revealed significant positive correlations among fluency,
flexibility, and originality at each time point (r = 0.73-0.81 at T1, 0.74-0.82
at T2, 0.55-0.91 at T3, all ps < 0.01), indicating shared creativity components.
Moderate stability was observed across time points for each dimension: fluency
(r = 0.46-0.59), flexibility (r = 0.38-0.45), originality (r = 0.37-0.46). Teacher
support showed significant positive correlations across time points (r = 0.30-
0.54) and with creativity measures at various time points (r = 0.14-0.30). Peer
support also demonstrated significant cross-time correlations (r = 0.39-0.62) and
associations with creativity (r = 0.15-0.25). Gender correlated negatively with
T2 fluency, flexibility, originality, and T1/T2 peer support (r = -0.20 to -0.15),
indicating girls scored higher.

3.2 Longitudinal Measurement Equivalence

Measurement equivalence was tested for the school support latent variable to
ensure comparability across time. For variables with more than three items, item
parceling reduced items to three (Lucia, Tomotaka, & Petr, 2017). Confirmatory
factor analysis (CFA) in Mplus (version 7) examined measurement equivalence of
teacher and peer support across three time points. Weak invariance tests (Table
2 ) showed ΔCFI < 0.01 and non-significant chi-square differences (ps > 0.05),
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supporting factor loading equivalence (Liang, Yang, & Yao, 2019). Following Bai
and Chen (2004), the school support scale demonstrated adequate measurement
equivalence across time points.

3.3 HLM Null Model Analysis

Null models were established to calculate intraclass correlation coefficients (ICC)
before HLM analysis, indicating the proportion of total variance attributable to
between-individual differences. Results (Table 3 ) showed that 50%, 29%, and
22% of variance in fluency, flexibility, and originality, respectively, resulted from
between-individual differences, justifying multilevel analysis (Zhang, Lei, & Guo,
2003).

3.4 Creativity Development Trends

Unconditional models tested whether creativity trajectories were linear or non-
linear. Following multilevel principles (Zhang et al., 2003), time was coded as
a Level-1 predictor (0, 1, 2 for T1-T3). Model 1 (unconditional linear growth)
and Model 2 (unconditional quadratic nonlinear growth) were compared (Table
3).

Fixed effects (Table 3) showed fluency’s linear intercept and slope were signifi-
cant (11.15 and 1.12, ps < 0.001), while the quadratic term was non-significant
(𝛽20 = 0.35, p = 0.256), indicating linear rather than nonlinear growth. Fluency
showed significant linear increase across three time points. Flexibility and origi-
nality showed significant linear slopes (0.42 and 1.58, ps < 0.001) and significant
quadratic terms (0.92 and 1.38, ps < 0.001). Model comparisons revealed the
quadratic models fit significantly better than linear models for flexibility and
originality (�2 differences = 85.02 and 106.55, df = 3, ps < 0.001). Therefore,
quadratic growth models were adopted: flexibility, y = 0.92x2 - 1.4x + 5.1;
originality, y = 1.38x2 - 1.13x + 3.68. Figure 1 [Figure 1: see original paper]
shows both dimensions initially declined, then accelerated after inflection points.
First derivatives identified inflection points at 0.76 for flexibility and 0.41 for
originality, indicating lowest points between fourth and fifth grades, followed by
accelerating growth, with originality accelerating earlier than flexibility. Cor-
relations between intercepts and slopes (Tau) were 0.34 for fluency, 0.57 for
flexibility, and 0.25 for originality, indicating that students with higher initial
creativity levels also showed faster growth.

Random effects showed significant between-individual variance in intercepts and
growth parameters (ps < 0.001), suggesting other variables influence creativity
development. Subsequent analyses examined gender and school support effects.
Non-significant random effects for flexibility’s linear slope and originality’s linear
slope (ps > 0.05) led to excluding these parameters from between-individual
analyses (Zhang et al., 2003). Within-individual residual variances were 11.83,
0.99, and 2.89 for fluency, flexibility, and originality, respectively.
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3.5 Gender Differences in Creativity Development Trends

Conditional models examined gender differences, controlling for SES and school
effects (two dummy variables for three schools). Since flexibility and originality
scores can be contaminated by fluency, fluency was controlled in these models
(Reiter-Palmon, Forthmann, & Barbot, 2019; Runco et al., 2011). Gender was
dummy-coded (0 = girls, 1 = boys). Model 3 results (Table 4 ) showed no
significant gender differences in fluency intercept or slope or originality quadratic
slope (ps > 0.05). However, significant gender differences emerged for flexibility
initial level (𝛽01 = -0.34, SE = 0.15, p = 0.028) and originality initial level (𝛽01
= -0.62, SE = 0.29, p = 0.035), with girls scoring higher than boys.

3.6 Predictive Effects of School Support on Creativity

Full models (Model 6) examined teacher and peer support effects. Level-1 mod-
eled within-individual changes in predictors and outcomes across three time
points, with time-varying predictors group-mean centered. Level-2 examined
between-individual effects, using intercepts and slopes from Level-1 as outcomes
and time-invariant predictors grand-mean centered. Results appear in Table 4.

3.6.1 Between-Individual and Within-Individual Effects Between-
individual level: Model 4 showed teacher support significantly predicted flu-
ency intercept (𝛽05 = 1.82, SE = 0.67, p = 0.008) but not slope (𝛽15 = 0.25,
SE = 0.46, p = 0.591), explaining 4.5% of intercept variance. Model 5 showed
teacher support remained significant for fluency intercept (𝛽05 = 1.81, SE =
0.91, p = 0.047) when controlling for peer support, while peer support showed
no significant effects (ps > 0.05). Model 6 showed no significant interaction
effects (ps > 0.05).

For flexibility, teacher support significantly predicted intercept (𝛽05 = 0.59, SE
= 0.16, p < 0.001), explaining 8.2% of variance. This effect remained significant
when controlling for peer support (𝛽05 = 0.68, SE = 0.19, p = 0.001). Peer
support and interaction terms showed no significant effects (ps > 0.05).

For originality, teacher support did not predict intercept (𝛽05 = 0.52, SE = 0.32,
p = 0.103) but significantly predicted quadratic slope (𝛽25 = 0.24, SE = 0.11,
p = 0.027), explaining 3.2% of variance. This effect persisted when controlling
for peer support (𝛽25 = 0.29, SE = 0.13, p = 0.021). Peer support showed no
significant effects (ps > 0.05), nor did interaction terms (ps > 0.05).

Within-individual level: Model 5 showed teacher support development sig-
nificantly predicted fluency development (𝛽40 = 0.91, SE = 0.43, p = 0.036),
explaining 0.8% of variance, while peer support did not (𝛽50 = -0.83, SE = 0.50,
p = 0.099). Neither support predicted flexibility (𝛽40 = 0.18, p = 0.096; 𝛽50 =
0.04, p = 0.777) or originality development (𝛽40 = 0.24, p = 0.203; 𝛽50 = 0.11,
p = 0.594). Model 6 showed no significant interaction effects on any dimension
(ps > 0.05).
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3.6.2 Supplementary Analysis Since teacher support predicted flexibility
initial level and gender differences existed in flexibility initial level, we tested
whether gender moderated the teacher support-flexibility relationship. Adding
the interaction term to Model 5 for flexibility revealed a significant interaction
(𝛽 = 0.38, SE = 0.14, p = 0.008). Follow-up analyses showed teacher support
significantly predicted flexibility initial level among boys (𝛽 = 1.10, SE = 0.23,
p < 0.001) but not girls (𝛽 = 0.08, SE = 0.31, p = 0.786).

Discussion
This study examined developmental trends, school support effects, and gender
differences in upper elementary students’creativity across fluency, flexibility,
and originality dimensions. Findings revealed: (1) fluency showed linear growth
while flexibility and originality showed nonlinear growth, with positive corre-
lations between initial levels and growth rates; (2) teacher support predicted
creativity at both between-individual and within-individual levels; (3) gender
differences emerged in initial creativity levels and in how teacher support pre-
dicted creativity. We discuss these findings in three areas.

4.1 Developmental Trends in Upper Elementary Students’Creativity

This study characterized creativity development through both growth rates and
initial level-growth rate relationships, finding significant growth across all three
dimensions from grades 4-6. This aligns with Li et al. (2004), Maker et al. (2008),
and other studies (Camp, 1994; Cheung et al., 2004; Wo et al., 2009). We further
specified that fluency grew linearly while flexibility and originality followed non-
linear (quadratic) trajectories. This growth can be attributed to three factors:
First, adequate knowledge bases are necessary for creativity (Amabile, 1996).
As children advance, accumulated knowledge and experience facilitate creative
performance. Second, elementary years mark the transition from concrete to
abstract logical thinking, enabling better internalization of prior knowledge and
enriching ideation (Zhu & Lin, 2002). Third, abstract thinking is closely linked
to language, requiring advanced verbal abilities for clear expression (Xu, 1994).
Though our task was figural, verbal responses were required, and improved ver-
bal skills facilitate creative idea expression.

Flexibility and originality differed from fluency, showing temporary declines be-
tween fourth and fifth grades before accelerating—consistent with Torrance’s
“fourth-grade slump.”Our study clarifies that flexibility and originality, not flu-
ency, exhibit this slump. Some studies failing to find this pattern may have
used total creativity scores where fluency dominated, creating confounding ef-
fects (Reiter-Palmon et al., 2019; Runco et al., 2011).

The positive correlation between initial level and growth rate suggests students
with higher initial creativity also develop faster. This may reflect both intrinsic
factors—genetic characteristics and brain development differences in creativity-
related regions (Zhang & Zhang, 2020; Nęcka, 2011)—and extrinsic factors,
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where high-creativity children receive more environmental encouragement, and
supportive environments accelerate their development. Genetic characteristics
may also make some children more susceptible to positive environmental influ-
ences (Zhang, Han, Si, & Zhang, 2018).

4.2 The Role of School Support in Creativity Development

This study found strong associations between teacher support and positive cre-
ativity development. Teacher support predicted fluency’s initial level and
within-individual development, and crucially, predicted originality’s growth
rate—creativity’s core variable (Runco, 2010). This indicates teacher support
is a primary facilitator of creativity development in upper elementary students.
This may occur because elementary students are adult-oriented, operating at an
authority-oriented stage of moral development where they actively seek adult
(teacher) support and approval (Chen, 2008), making them highly sensitive to
teacher support. Self-Determination Theory posits three basic psychological
needs: competence, relatedness, and autonomy (Deci & Ryan, 2000). As school
is the primary learning context and teachers are its leaders, teacher support
fulfills relatedness needs, fostering competence and autonomy. Research shows
teacher support promotes exploratory behavior (Liu & Zhang, 2005), gener-
ates positive emotional experiences and self-evaluations (Shi, Wang, Xu, & Liu,
2016), and stimulates idea generation. Positive emotions, self-affirmation, and
emotional support facilitate innovation (Man, Li, & Zhang, 2015) and original
thinking expression (Zhang, Liu, Ren, Sun, & Yu, 2016). These results reaf-
firm that supportive school environments, particularly teacher support in upper
elementary grades, are crucial for creativity development.

4.3 Gender Differences in Creativity Development and Influencing
Factors

Girls showed significantly higher initial levels in flexibility and originality, possi-
bly due to faster language development in elementary girls. Research indicates
girls have advantages in verbal ability, emotional sensitivity, and interpersonal
communication, with earlier psychological development than boys (Shen, Liu,
Shi, & Yuan, 2015), extending to creativity development.

Importantly, while boys generally showed lower flexibility than girls, teacher
support positively predicted boys’flexibility, suggesting boys are more envi-
ronmentally sensitive than girls. Previous family environment research found
maternal warmth positively predicted boys’creative thinking (Shan et al., 2019).
Our findings similarly show teacher support significantly predicts boys’flexibil-
ity initial level, indicating boys’greater sensitivity to environmental factors and
that targeted teacher support can compensate for boys’flexibility deficits.
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4.4 Implications, Limitations, and Future Directions

This study represents the first longitudinal investigation of creativity develop-
ment among mainland Chinese upper elementary students in recent years, an-
alyzing initial levels, growth rates, and school support effects at both between-
and within-individual levels. Findings reflect creativity development character-
istics among post-2000 birth cohorts in contemporary Chinese educational and
cultural contexts. The identification of generally increasing creativity with dis-
tinct patterns for different dimensions, individual differences in initial levels and
growth rates, and teacher support’s positive prediction of originality growth rate
suggests deeper individual difference factors beyond environment—possibly ge-
netic, early environmental, or gene-environment interactions warranting future
research.

Our three-year design identified a slump between grades 4-5, but could not
pinpoint exact timing. Future research should add assessments between these
grades to precisely characterize developmental trajectories, guiding future study
design. The finding that teacher support is the primary predictor suggests upper
elementary creativity education should emphasize teacher support and guidance,
particularly for boys’flexibility development, offering practical implications.

Limitations include: First, using divergent thinking tasks, though considered
optimal for measuring creative potential (Acar & Runco, 2019) and widely used
as a standard paradigm (Dietrich, 2018), captures only one aspect of the com-
plex creativity phenomenon. Future research should combine multiple measures.
Second, while we focused on school support as a primary environmental influ-
ence, the modest variance explained suggests other factors (genetic, family) are
important. Future studies should integrate multiple influences. Third, our
variable-centered approach examined general developmental trends. Despite
within-individual analyses, future research could employ person-centered ap-
proaches to examine heterogeneous developmental trajectories and influencing
factors for different subgroups.

Conclusion
1. Fluency showed linear growth from grades 4-6, while flexibility and orig-

inality showed nonlinear growth. Initial levels positively correlated with
growth rates across all three dimensions, with significant individual differ-
ences in initial levels and in growth rates for fluency and originality.

2. At the between-individual level, teacher support positively predicted flu-
ency’s initial level and originality’s growth rate. At the within-individual
level, teacher support development positively predicted fluency develop-
ment.

3. Significant gender differences favored girls in flexibility and originality ini-
tial levels. Teacher support’s positive prediction of flexibility initial level
showed gender differences: significant for boys but not for girls.
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The development of creativity in senior primary school students:
Gender differences and the role of school support
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Abstract

Creativity has been emphasized as a key competence for adolescents to achieve
success in the rapidly changing world. Although developmental psychologists
have put tremendous efforts into identifying the developmental trajectory of cre-
ativity, no consensus has yet been reached. Researchers have found many fac-
tors that potentially affect the development of creativity, including individual
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differences (such as gender differences), and the influence of the classroom envi-
ronment. Besides, previous studies have not examined the creativity trajectory
taking both the initial level and the growth speed into consideration. To ad-
dress these flaws, the present study adopted a longitudinal design to explore the
creativity development of senior primary school students through the between-
person comparisons of different gender groups and school supports (the support
from teachers and peers) as well as the within-person changes in response to the
changing supports from schools.

Two hundred and three Grade-4 primary school students (109 boys and 94 girls,
mean age = 10.43 years, SD = 0.62 years, during the first phase of the test,
T1) from three elementary schools participated in the three years’longitudinal
study and were assessed for three times (T1, T2, T3). Runco Creativity As-
sessment Battery (figural divergent thinking tests from rCAB) and Perceived
School Climate Scale were used to measure creativity and school support, respec-
tively. The study project was reviewed and approved by the Ethics Committee
of Shandong Normal University and obtained the informed consent of parents
of the participants. The data were managed and analyzed using SPSS 22.0
and HLM 6.08 software. A series of analyses, including descriptive, correlation,
and multilevel analyses, were conducted to explore the developmental trajec-
tory of creativity and the potential relationship between the school support and
creativity.

The results of the study were as follows: (1) The fluency of creativity of senior
primary school students from grade 4 to 6 showed a linear growth trend, while
the flexibility and originality of creativity showed a non-linear growth trend. In
addition, the initial level of creativity was positively correlated with its growth
speed. (2) Individual differences existed not only in the initial levels of fluency,
flexibility, and originality, but also in the growth speed of fluency and originality.
(3) Senior primary school girls performed significantly higher at initial levels of
flexibility and originality than their male counterparts. (4) On the between-
person level, the interaction between teacher support and gender significantly
predicted the initial level of flexibility; teacher support significantly positively
predicted the initial level of fluency; teacher support significantly positively
predicted the growth speed of originality. (5) On the within-person level, time-
varying teacher support significantly positively predicted time-varying fluency.

The current study is, to our knowledge, the first exploration to describe the de-
velopmental trajectory of senior primary school students’creativity in Mainland
China using a longitudinal design. These findings will deepen the understanding
of developmental rules of creativity, and provide implications for the cultivation
of creativity among senior primary school students.

Key words: creativity; school support; gender difference; longitudinal study;
senior primary school students

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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