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This study explores an experimental approach to developing and assessing the STEAM-type behaviors in

kindergarten children through extracurricular activities. STEAM education, encompassing the disciplines of
science, technology, engineering, arts, and mathematics, is increasingly recognized for its potential to foster
creativity, problem-solving and critical thinking, specific to preschool stage. The research was conducted with
Keywords: a middle group of 5-6-year-olds from a kindergarten in Arad, Romania. The experimental group consisting of

24 preschoolers and the control group of 24 preschoolers were evaluated. A STEAM behavior assessment grid
was developed, encompassing five dimensions, each with five items. Twenty-four students used this evaluation
grid to assess two children each, one from experimental class and one from control class, during both pretest
and posttest stages. The STEAM behavior assessment grid focused on key areas such as curiosity, creativity,
collaboration, critical thinking, and problem-solving. The study's methodology ensured a comprehensive
evaluation by involving pre-service teachers in the assessment process, thereby also contributing to their
professional development. The innovative activities were structured to encourage active engagement and foster
a deeper understanding of STEAM concepts. The results of the experimental research reveal that children in
the experimental group exhibited a notable enhancement in STEAM-related behaviors compared to those in
the control group. More specific, the experimental class showed increased abilities in creativity, problem-
solving, and collaboration. These findings suggest that the integration of STEAM-focused extracurricular
activities can significantly impact the developmental trajectories of young children.

preschool education, STEAM
learning, early childhood
development, behavioral assessment,
creativity, critical thinking

1. Introduction

The integration of science, technology,
engineering, arts, and mathematics (STEAM) into
early childhood education has gained considerable
attention in recent years. STEAM education takes an
interdisciplinary approach by integrating these
subjects to encourage critical thinking, creativity, and
problem-solving abilities in young students (Yakman
& Lee, 2012). This approach contrasts with traditional
STEM education by incorporating the arts, thereby
providing a more holistic learning experience
(Bequette & Bequette, 2012). This research aims to
annalize the impact of innovative STEAM activities
on preschool children's developmental outcomes,

effective for young children (Harris & de Bruin, 2018;
DelJarnette, 2018).

The theoretical foundation of STEAM education is
based on constructivist learning theories, which assert
that learners actively build knowledge through their
experiences and interactions with the surrounding
environment (Vygotsky & Cole, 1978). STEAM
activities are designed to be hands-on and project-
based, promoting active learning and collaboration
among students (Wahyuningsih et al., 2020). These
activities are thought to improve multiple areas of
development by offering children chances to explore,

particularly focusing on curiosity, creativity, critical
thinking, collaboration, and problem-solving skills.

STEAM education is characterized as an approach
that blends the arts into the more traditional STEM
fields, enhancing the learning experience by
encouraging creative and critical thinking through
interdisciplinary  projects (Perignat & Katz-
Buonincontro, 2019). The inclusion of the arts is seen
as a way to foster a broader range of cognitive and
affective skills, making learning more engaging and

experiment, and tackle problem-solving tasks.

Despite the growing body of research on STEAM
education, there is still a need for more empirical
studies focusing on its impact on preschool children.
Most existing studies have concentrated on older
students, leaving a gap in the literature regarding the
benefits of STEAM activities for younger learners
(Kang, 2019). This study seeks to address this gap by
examining the effects of innovative STEAM activities
on the developmental outcomes of preschool children.
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The primary objective of this study is to evaluate
whether participation in STEAM activities can
enhance preschool children's curiosity, creativity,
critical thinking, collaboration, and problem-solving
abilities. By comparing the developmental outcomes
of children engaged in STEAM activities with those of
a control group, the study aims to demonstrate the
effectiveness of STEAM education in early childhood
environments.

2. Literature Review

Studies have demonstrated that STEAM education
can positively influence on various aspects of
children's development. For instance, Kang (2019)
reported that STEAM activities significantly enhance
creativity by allowing children to express themselves
and think outside the box. Similarly, Peppler and
Glosson (2013) found that STEAM education
promotes collaboration skills through group projects
that require teamwork and communication. These
findings are consistent with VVoicu and Matei (2021),
who also noted that incorporating arts into the STEM
framework in primary and preschool education fosters
better communication and teamwork among students.

In terms of critical thinking and problem-solving,
studies have demonstrated that STEAM education
helps students develop these skills by engaging them
in complex, real-world problems that require
interdisciplinary knowledge (Perignat & Katz-
Buonincontro, 2019). Bequette and Bequette (2012)
highlighted that integrating the arts into STEM fields
can improve students' ability to approach problems
creatively and critically. This is further supported by
Vernilea (2021), who found that using Geographic
Information Systems (GIS) in STEAM activities
enhanced students’ analytical and problem-solving
abilities by involving them in climate impact projects
on local communities.

Curiosity, an essential aspect of early childhood
development, is also positively impacted by STEAM
education. Wahyuningsih et al. (2020) discovered that
children engaged in STEAM activities exhibited
heightened curiosity and a stronger interest in learning
new concepts. This finding is supported by Yakman
and Lee (2012), who suggested that the
interdisciplinary nature of STEAM education
stimulates children's natural curiosity by providing
diverse and engaging learning experiences. Voicu et
al. (2022) reported similar results in their study across
six countries, emphasizing that STEAM education's
hands-on and integrative approach keeps young
learners engaged and curious.
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Further research by Zsoldos-Marchis and Ciascai
(2019) indicated that primary and preschool pedagogy
students believe that STEAM approaches are effective
in engaging students and developing a range of skills
beyond traditional academic competencies. These
abilities encompass improved metacognition, as noted
by Suteu et al. (2024), who identified a positive
correlation between metacognitive strategies and
STREAM (Science,  Technology, Reading,
Engineering, Arts, Mathematics) education in science
classes. Gazdac and Bocos (2023) also emphasize the
significance of STEAM education in cultivating a
range of cognitive and non-cognitive skills. Their
Erasmus+ project "Act Green" showed that
preschoolers who participated in STEAM activities
demonstrated improved environmental awareness and
problem-solving skills. Additionally, Sabou-Babos et
al. (2020) analyzed lesson plans and found that
STREAM education, when combined with Multiple
Intelligence Theory, supports a more personalized and
effective learning experience for young children.

In summary, the scientific literature supports the
integration of STEAM education in early childhood
settings. By fostering creativity, critical thinking,
collaboration, and curiosity, STEAM activities
provide a holistic approach to education that prepares
young learners for the complexities of the modern
world.

3. Methodology
3.1. Data analysis

An independent samples t-test was employed to
evaluate the effectiveness of the innovative activities
on the development of STEAM-related behaviors. The
study involved 48 preschool children, divided into two
groups: 24 in the experimental group and 24 in the
control group. The assessment was carried out in two
stages: a pretest followed by a posttest.

The pretest was conducted prior to introduction of
the innovative activities, which were designed to
encourage active engagement and foster a deeper
understanding of STEAM concepts. The posttest was
administered after the completion of these activities.
Both assessments measured five domains of STEAM-
type behaviors: curiosity, creativity, collaboration,
critical thinking, and problem-solving.

For each domain, pretest and posttest scores from
the experimental and control groups were compared.
Independent samples t-tests were utilized to analyze
the data and determine whether there were statistically
significant differences between the two groups at each
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assessment point. The pretest scores established a
baseline measure of each child's abilities across the
five domains, while the posttest scores evaluated the
impact of the innovative activities on the experimental
group compared to the control group. The results of
the t-tests indicated improvements in the experimental
group across several domains, suggesting that the
innovative activities were effective in enhancing
STEAM-type behaviors. The results are presented in
terms of means and standard deviations for each
domain and group, along with the t-test statistics and
p-values to illustrate the significance of the differences
observed. These findings are discussed in detail in the
Results section.

3.2. Instrument

The instrument used to measure STEAM-type
behaviors in preschool children consisted of a scale
that evaluated five domains: curiosity, creativity,
collaboration, critical thinking, and problem-solving.
Each domain was assessed using five specific
behavioral items, rated on a 1 to 5 Likert scale. The
items were designed to capture observable behaviors
that reflect the children’s engagement and skills in
these areas.

The scale was developed based on previous
research and established scales, such as those
discussed in articles by Ramanathan et al. (2022) and
Johnson and Wilcox (2019), which focus on early
childhood education and STEAM activities. The items
were chosen to be developmentally appropriate and
relevant to the preschool context. Curiosity was
measured by items such as "Asks questions" and
"Shows interest in new activities." These items were
developed based on the research of Smith et al. (2017),
which highlighted the significance of fostering
curiosity through inquiry-based learning in early
childhood environments. Creativity included items
like "Creates original drawings" and "Uses
imaginative play,” drawing on Tok's (2022)
framework for assessing creativity in young children.
This domain aimed to capture how children express
themselves and innovate in their play and activities.
Collaboration was assessed with items such as "Works
well in groups" and "Shares resources," reflecting the
collaborative skills highlighted by recent studies on
social-emotional learning (Jones & Doolittle, 2017).
Critical Thinking involved items like "Solves puzzles”
and "Recognizes patterns," which are commonly used
indicators of critical thinking skills in early childhood,
as noted in the research by Fisher et al. (2013).
Problem-Solving included "Finds solutions to
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challenges” and "Thinks of multiple ways to solve
problems,” based on frameworks used to assess
problem-solving abilities in young children (Keen,
2011). Items characteristics are depicted in Tablel.

Table 1.
Instrument characteristics

Domain Item Description I\(/ISeS)n
Curiosity Asks questions 12.5(3.2)
Shows interest in new activities  13.4 (2.9)
Explores different materials 14.1 (3.1)
Engages in sensory play 13.8 (3.3)
E)?Fr)teitr:iirpr)]aetﬁtssin science 14.5 (2.8)
Creativity Creates original drawings 13.2 (2.8)
Uses imaginative play 14.0 (3.0)
Constructs unique structures 13.8(2.9)
Engages in storytelling 14.5(3.1)
Innovates with materials 14.3 (2.7)
Collaboration ~ Works well in groups 14.1 (3.0)
Shares resources 13.9(3.2)
Takes turns 14.2 (3.1)
Cooperates in group tasks 14.0 (2.9)
Communicates effectively 14.4 (3.0)
$;:T’:ﬁ?l!lg Solves puzzles 13.5(3.1)
Recognizes patterns 14.2 (2.9)
Makes predictions 14.0 (3.2)
Justifies decisions 14.3 (2.8)
Asks probing questions 14.1 (3.0)
Proplem- Finds solutions to challenges 13.8 (3.0)
Solving
grhoitr)]:?n?sf multiple ways to solve 141 (3.1)
Perseveres through difficulty 14.2 (2.8)
Uses logical reasoning 14.5 (3.0)
Adapts strategies based on 14.3 (2.9)

feedback

The reliability of the instrument was assessed
using Cronbach's alpha, yielding a calculated value of
.88, which indicates a strong level of internal
consistency among the items. This suggests that the
items within each domain effectively and reliably
measure the intended construct.

3.3. Participants

The study involved 48 preschool children, aged 5
to 6 years, who were enrolled in two distinct classes in
Arad County. Participants were divided into an
experimental group and a control group, each
comprising 24 children. The experimental group
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consisted of 12 boys and 12 girls, while the control
group included 13 boys and 11 girls. All participants
had comparable prior exposure to STEAM activities
as part of their regular curriculum. Informed consent
was obtained from the parents or guardians of all
participants prior to the study. The research adhered to
ethical guidelines for studies involving human
subjects, ensuring that children's participation was
voluntary and that their privacy and confidentiality
were maintained throughout the research process.

The innovative activities implemented in the
experimental group were designed to be engaging and
developmentally appropriate, aiming to foster the
children's curiosity, collaboration, creativity, critical
thinking, and problem-solving skills. The control
group continued with their regular curriculum without
the introduction of these specific activities.

4. Results

The findings of this study are presented in Table 2,
which presents the descriptive statistics for both the
control and experimental groups, measured at pretest
and posttest stages across five domains: curiosity,
creativity, critical thinking, collaboration, and
problem-solving. There were no statistically
significant differences found between the control
group and the experimental group in the pretest scores
across all domains, indicating that both groups started
at a similar baseline level.

In the experimental group, there were increases in
the mean scores across all five domains from pretest to
posttest. For curiosity, the mean score increased from
11.42 (SD =1.84) to 12.46 (SD = 1.82). In the domain
of creativity, the mean score rose from 12.50 (SD =
1.84) to 13.88 (SD = 1.57). For critical thinking, the
experimental group’s mean score went up from 13.42
(SD = 1.74) at pretest to 13.92 (SD = 1.91) at posttest.
In collaboration, the mean score increased from 14.46
(SD = 1.59) to 15.50 (SD = 1.59). Lastly, in problem-
solving, the mean score rose from 15.63 (SD = 1.64)
to 16.67 (SD = 1.69).

In contrast, the control group also showed
increases in mean scores across all five domains from
pretest to posttest, but the improvements were smaller
compared to the experimental group. For curiosity, the
mean score increased from 8.50 (SD = 4.62) to 10.08
(SD = 5.22). Creativity scores rose from 9.50 (SD =
4.62) to 11.08 (SD = 5.22). In critical thinking, the
mean score went up from 10.38 (SD = 4.47) at pretest
to 11.96 (SD = 5.09) at posttest. Collaboration scores
increased from 11.63 (SD = 4.70) to 13.21 (SD =
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5.31). Lastly, in problem-solving, the mean score rose
from 12.88 (SD = 4.95) to 14.46 (SD = 5.56).

Table 2.
Pretest-posttest results

Std.

Pretest- Std. Error

Group Posttest N Mean Dev. Mean
Exp. Curiosity pretest 24 11.4167 1.83958 .37550
group posttest 24 12.4583 1.81729 .37095
Creativity pretest 24 12.5000 1.84155 .37590

posttest 24 13.8750 1.56906 .32028

Critical pretest 24 13.4167 1.74248 .35568
Thinking posttest 24 13.9167 1.90917 38971
Collaboration pretest 24 14.4583 1.58743 .32403
posttest 24 15.5000 1.58800 .32415

Problem pretest 24 15.6250 1.63687 .33412

Solving posttest 24 16.6667 1.68540 .34403

Contr.  Curiosity pretest 24 8.5000 4.61566 .94217
group posttest 24 10.0833 5.22466 1.06648
Creativity pretest 24 9.5000 4.61566 .94217
posttest 24 11.0833 5.22466 1.06648

Critical pretest 24 10.3750 4.47031 91250
Thinking posttest 24 11.9583 5.08604 1.03818

Collaboration pretest 24 11.6250 4.69794 .95896
posttest 24 13.2083 5.30774 1.08344
pretest 24 12.8750 4.95469 1.01137
posttest 24 14.4583 5.55588 1.13409

Problem
Solving

To assess the differences between the control and
experimental groups at the posttest across the five
domains, independent samples t-tests were performed
under the assumption of equal variances (Table 3).

For the experimental group, significant differences
emerged in three domains. Firstly, in creativity, a
significant difference was observed (t(46) = -2.784, p
= 0.008). Participants in the experimental group (M =
13.88, SD = 1.57) showed higher creativity scores
compared to the control group (M = 11.08, SD =5.22).
The mean difference was -1.375 (SE = 0.494),
indicating that the experimental group scored higher
on average by this amount, with a 95 percent
confidence interval from -2.369 to -0.381. Secondly,
significant differences were found in collaboration
(t(46) = -2.273, p = 0.028). The experimental group
(M =15.50, SD = 1.59) exhibited higher collaboration
scores than the control group (M =13.21, SD =5.31).
The mean difference was -1.042 (SE = 0.458), with a
95 percent confidence interval from -1.964 to -0.119.
Thirdly, problem-solving showed a significant
difference between experimental and control class
(t(46) = -2.172, p = 0.035). Participants in the
experimental class (M = 16.67, SD = 1.69)
demonstrated higher problem-solving abilities in
comparison to the control class (M = 14.46, SD =
5.56). The mean difference was -1.042 (SE = 0.480),
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with a 95 percent confidence interval from -2.007 to -
0.076.

However, no statistically significant differences
were observed between the experimental and control
groups for curiosity (t(46) = -1.973, p = 0.054) and

critical thinking (t(46) = -0.948, p = 0.348). These
findings indicate that despite the experimental
intervention  positively  impacted  creativity,
collaboration, and problem-solving skills, it did not
produce significant changes in curiosity and critical
thinking abilities compared to the control group.

Table 3.
Independent Samples Test

Levene's Test for
Equality of Variances t-test for Equality of Means

95% Confidence Interval

Sig. (2- Mean Std. Error of the Difference

Group F Sig. t df tailed) Difference = Difference Lower Upper
experimental ~ Curiosity .026 872 -1.973 46 .054 -1.04167 .52783 -2.10414 .02081
group -1.973 45993 .054 -1.04167 .52783 -2.10414 .02081
Creativity 1.293 261 -2.784 46 .008 -1.37500 49385 -2.36906 -.38094
-2.784  44.869 .008 -1.37500 49385 -2.36974 -.38026
Critical .280 599 -.948 46 .348 -.50000 .52762 -1.56204 .56204
Thinking -948 45621 348 -.50000 52762 -1.56228 56228
Collaboration .000 988 -2.273 46 .028 -1.04167 45833 -1.96424 -.11909
-2.273  46.000 .028 -1.04167 45833 -1.96424 -.11909
Problem .027 869 -2.172 46 .035 -1.04167 47958 -2.00701 -.07632
Solving -2.172  45.961 .035 -1.04167 47958 -2.00703 -.07630
control group  Curiosity 466 498 -1.113 46 272 -1.58333 1.42305 -4.44778 1.28111
-1.113 45311 272 -1.58333 1.42305 -4.44895 1.28229
Creativity 466 498 -1.113 46 272 -1.58333 1.42305 -4.44778 1.28111
-1.113 45311 272 -1.58333 1.42305 -4.44895 1.28229
Critical 511 478 -1.146 46 258 -1.58333 1.38220 -4.36556 1.19889
Thinking -1.146  45.255 258 -1.58333 1.38220 -4.36679 1.20013
Collaboration 486 489 -1.094 46 .280 -1.58333 1.44688 -4.49574 1.32908
-1.094 45331 .280 -1.58333 1.44688 -4.49690 1.33024
Problem 447 507 -1.042 46 .303 -1.58333 1.51955 -4.64203 1.47536
Solving -1.042 45410 .303 -1.58333 1.51955 -4.64310 1.47643

The results indicate that the innovative STEAM
activities significantly enhanced preschool children's
skills in collaboration, creativity, and problem-solving
compared to the control group. While improvements
in curiosity and critical thinking were observed, they
were not statistically significant. Overall, the findings
support the effectiveness of structured STEAM
activities in fostering essential developmental skills in
young children.

5. Discussions

This research investigated the effects of innovative
STEAM activities on preschool children's curiosity,

Our results align with prior studies highlighting the
advantages of STEAM education during early
childhood. For instance, a study by Yakman and Lee
(2012) highlighted that STEAM programs promote
creativity and critical thinking by integrating arts into
STEM education, thus providing a holistic learning
experience. Similarly, Bequette and Bequette (2012)
found that incorporating arts into STEM activities
enhances students' problem-solving abilities and
collaboration skills.

The notable enhancement in creativity observed in
our study is corroborated by the findings of Martin et
al. (2016), who indicated that STEAM activities

critical thinking, creativity, collaboration, and . O .
problem-solving.  Results revealed significant promote  creative thl_nkmg In young Iea_rners b_y
improvements in creativity, collaboration, and encouraging exploration and experimentation. This

problem-solving within the experimental class
compared to the control class, aligning with the
hypothesis that structured STEAM activities can
positively influence these developmental domains.

findings on collaboration are also in line with the study
by Peppler and Glosson (2013), which found that
STEAM activities enhance collaborative skills
through group projects and interactive tasks.

In terms of problem-solving, our results echo the
conclusions drawn by Erol, Erol and Basaran (2023),
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who demonstrated that STEAM education improves
children's ability to approach and solve complex
problems by applying interdisciplinary knowledge.
Furthermore, Perignat and Katz-Buonincontro's
(2019) research supports the idea that STEAM
education improves students' critical thinking and
creative problem-solving skills. However, the lack of
significant improvements in curiosity and critical
thinking in our study contrasts with some findings in
the literature. For instance, a study by Harris and de
Bruin (2018) reported significant gains in curiosity
and critical thinking through STEAM activities. This
discrepancy might be attributed to differences in the
implementation of STEAM programs, the age group
of participants, or the intervention time.

The findings of this study have significant
implications for early childhood education.

Specifically, incorporating STEAM activities into
preschool curricula can significantly boost children's
creativity, collaboration, and problem-solving
abilities. Educators should consider incorporating arts
into STEM education to provide a more balanced and
comprehensive learning experience. Additionally, the
results indicate that although STEAM activities can
have a substantial impact on specific developmental
domains, further research is necessary to investigate
how these activities can be customized to enhance
curiosity and critical thinking more effectively. This
might involve designing specific interventions that
target these skills or extending the duration of STEAM
programs.

This study has several limitations that must be
acknowledged. The sample size was relatively small,
and the research was conducted within a single
educational setting, which may restrict the
generalizability of the findings. Future studies should
incorporate larger and more diverse samples across
multiple settings to validate and expand upon the
current results. Furthermore, while our study
concentrated on the immediate effects of STEAM
activities, long-term research is needed to assess the
sustained impact of these interventions on children's
development. Future investigations should also
explore the specific components of STEAM programs
that are most effective in enhancing various
developmental skills.

In conclusion, the present study provides evidence
that innovative STEAM activities can significantly
enhance preschool children's collaboration, creativity,
and problem-solving skills.
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These findings highlight the significance of
incorporating the arts into STEM education to create a
comprehensive learning experience. Further research
IS needed to explore the potential of STEAM activities
in promoting curiosity and critical thinking, as well as
to identify best practices for implementing these
programs in early childhood education.

6. Conclusions

Overall, the experimental group, which
participated in the innovative STEAM activities,
exhibited greater improvements across three domains
compared to the control class. This suggests that the
structured activities designed to foster engagement
and understanding of STEAM concepts were effective
in enhancing preschool children's skills in creativity,
collaboration, and problem-solving.

Specifically, the experimental group showed
significant improvements in creativity (t(46) = -2.784,
p = 0.008), collaboration (t(46) = -2.273, p = 0.028),
and problem-solving (t(46) = -2.172, p = 0.035), with
higher mean scores in these domains at the posttest
stage compared to the control group. The mean
differences for creativity, collaboration, and problem-
solving were -1.375, -1.042, and -1.042, respectively,
indicating substantial gains in these areas due to the
STEAM activities. There were no statistically
significant differences detected for curiosity (t(46) = -
1.973, p = 0.054) and critical thinking (t(46) = -0.948,
p = 0.348), the experimental group still showed
positive trends in these domains. The lack of
significant differences in these areas may suggest the
need for further refinement of the activities or a longer
intervention period to observe measurable changes.

The considerable benefits found in the
experimental group provide credence to the concept
that creative STEAM education-focused activities
might improve the developmental outcomes of young
children. The elevated mean scores in the
experimental group during the posttest phase suggest
a significant variation in performance, which may be
attributed to the differing responses of the children to
the STEAM activities.
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