21
Research Article

Asian 2024, 12(2), 21-37
Journal of Instruction . N
dergipark.gov.tr/aji
Asya Ogretim Dergisi ISSN:2148-2659
Received: 23/11/2023 Accepted: 06/11/2024 Published: 31/12/2024

Impact of STEM on Primary School Students' 21st Century Skills,
NOS, and Learning Experiences”

Mesut Yildiz!, Tugba Ecevit?

Yildiz, M., & Ecevit, T. (2024). Impact of STEM on primary school students' 21st century skills, NOS, and learning
experiences. Asian Journal of Instruction, 12(2), 21-37. Doi: 10.47215/aji.1395298

Abstract

This study examines the influence of STEM activities on fourth-grade students’ 2 1st-century skills, their understanding
of the nature of science (NOS), and their overall learning experiences. The research was conducted during the autumn
term of the 2021-2022 academic year at a public primary school with a relatively low socioeconomic status. Over six
weeks, STEM activities were integrated into the “Earth’s Crust and the Movements of Our Earth” unit in the Science
curriculum. A mixed-method approach was employed, encompassing a quasi-experimental pretest-posttest control
group design for the quantitative phase and a case study approach for the qualitative phase. The sample included 35
fourth-grade students. Data were obtained using the “21st Century Learning and Innovation Skills Scale,” the “Ideas
About the Nature of Science Scale,” and unstructured observation notes. The findings indicated statistically significant
improvements in the experimental group’s 2 1st-century skills, particularly creativity, innovation, critical thinking, and
problem-solving. Moreover, the activities fostered enhanced cooperation and communication skills. Based on post-test
results, the student’s understanding of the NOS also improved significantly. Qualitative analysis of teacher observation
notes supported these outcomes, showing heightened student engagement, enjoyment, and active participation. Students
produced more creative and reflective responses to scientific concepts, while their collaborative and communicative
competencies were notably strengthened. In sum, STEM activities embedded within the 5E teaching model enriched
the learning process by promoting scientific curiosity, critical thinking, and sustained motivation. Students’ requests
for similar activities in other courses further underscored these interventions' positive impact and enduring appeal.

Keywords: 21st century skills, learning experiences, nature of science (NOS), primary school students, STEM
education

1. Introduction

Today, with rapid technological advancements, the rise of artificial intelligence, and the impact
of digitalization, the Fourth Industrial Revolution is unfolding (Turan, 2018). This process
underscores the growing importance of individuals’ ability to adapt to rapidly changing economic,
technological, and social conditions. In response, educational reforms are being implemented to
prepare individuals for the demands of the 21st-century economy (National Research Council
[NRC], 2012; Next Generation Science Standards [NGSS], 2013). The direct link between these
reforms and economic success is evident in international assessments (Organization for Economic
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Co-operation and Development [OECD], 2010). For instance, countries such as South Korea,
China, and Japan have enhanced their economic performance through educational reforms.

In modern business and social life, individuals must think creatively and critically, collaborate
effectively, use technology proficiently, develop practical solutions to everyday problems,
manage information efficiently, and maintain productivity to lead a successful life (TUSIAD,
2014). These abilities, often referred to as 21st-century skills (Partnership for 215 Century
Learning [P21], 2009; Yasar, 2021), are essential for adapting to the rapidly evolving landscape
of science, technology, and industry (Kelesoglu & Kalayci, 2017). Over the past decade,
numerous studies have aimed to identify the life, career, and learning skills necessary in the 21st
century (Ananiadou & Claro, 2009; Beers, 2011; Bybee, 2009; P21, 2009).

Cultivating proficiency in science, technology, engineering, and mathematics (STEM) has
emerged as a critical educational priority (Bybee, 2010; NRC, 2012). Uluyol and Eryilmaz (2015)
categorized 21st-century skills as problem-solving, communication, cooperation, accessing
scientific knowledge, evaluating information through technology, and demonstrating
responsibility. Sen, Ay and Kiray (2018) emphasized engineering-based collaboration, design,
creativity, innovation, and digital literacy competencies. Beers (2011) highlighted essential skills
in knowledge management, life skills, communication, career development, problem-solving,
cultural awareness, and critical thinking. While definitions and categories vary, the broad
consensus is that these skills equip individuals with practical competencies for a knowledge-
based, technology-driven, and economically oriented society (OECD, 2012; Trilling & Fadel,
2009; Wagner, 2008). Critical thinking, creativity, collaboration, and problem-solving are
frequently emphasized across different frameworks (Belet-Boyac1 & Giiner-Ozer, 2019). These
skills are also fundamental for adapting to emerging professions shaped by rapid technological
changes, many of which align with STEM careers (Langdon, Mckittrick, Beede, Khan, & Doms,
2011). STEM education thus aims to equip individuals with these competencies, enabling students
to research, develop, and analyze information to address real-world problems (Beers, 2011).

With its dynamic and evolving nature, science permeates all aspects of life. Due to its expansive
scope, defining science can be challenging. The Turkish Language Association (2022) defines
science as “organized knowledge that selects a portion of the universe or events as its subject and
seeks to draw conclusions using methods based on experimentation and reality.” Science is
characterized by rationality and encompasses various branches, including processes for
understanding and interpreting data (Hastiirk, 2017).

Given the increasing importance of science, understanding scientific knowledge and the nature of
science (NOS) has become critical. Turkey’s curriculum reforms in 2005 aimed to enhance
students’ understanding of NOS and foster scientific literacy (MoNE, 2005). The concept of NOS
includes the framework of science, the organization of scientific research, and the development
of scientific knowledge. It is commonly defined as the characteristics of scientific knowledge and
the values inherent in its development (Lederman & Zeidler, 1987). It also refers to understanding
how knowledge is produced, evolves, and can be reused (MoNE, 2013).

The literature suggests a significant relationship between STEM and NOS. STEM inherently
reflects the nature of science, mainly through its interdisciplinary approach (Ozan & Uluginar-
Sagir, 2020). Kostur (2017) emphasized that STEM activities require students to think like
engineers or scientists, with NOS as a foundational component of STEM education. Research
trends in STEM studies focus on secondary school students, with attitudes and achievements
frequently examined variables (Ecevit, Yildiz, & Balci, 2022). However, there is limited research
on STEM activities at the primary school level, especially regarding NOS (Caliskan & Okusluk,
2021).
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This study contributes to the literature by addressing these gaps and providing practical tools for
educators and researchers, such as detailed lesson plans (Appendix 1). Its significance lies in
exploring the effects of STEM activities, implemented through the 5E learning model, on primary
school students’ 21st-century skills and NOS thinking. While related studies have investigated
these skills, few focus on the primary level. This research offers valuable insights to guide
teachers and researchers, including lesson plans, sample activities, and student feedback.

Research Questions

This study examines the effects of STEM activities on students’ 21st-century skills and NOS
thinking. The main research questions are:

1. Do STEM activities in science courses enhance primary school students' 21st-century
learning and innovation skills?

2. Do STEM activities in science courses improve primary school students’ understanding
of the nature of science?

3. What are the contributions of STEM activities to primary school students’ learning
experiences?

2. Method
2.1. Research Model

This study employed a mixed-method research approach combining quantitative and qualitative
methodologies to examine the effects of STEM activities on fourth-grade primary school
students’ 21st-century skills and their understanding of the nature of science (NOS). The
guantitative component of the study utilized a quasi-experimental design with a pretest-posttest
control group (Karasar, 2004), while the qualitative component adopted a case study design
(Yildirim & Simsek, 2021).

An embedded mixed-method research design was chosen to investigate students” NOS
perspectives and their learning experiences during STEM activities. In this approach, the primary
quantitative method addresses the main research questions, while the qualitative method provides
complementary insights to explain specific aspects of the data in depth (Creswell & Plano Clark,
2007).

The guantitative dimension, as the main component of the research, employed a pretest-posttest
control group quasi-experimental design (Karasar, 2004). Participants were divided into
experimental and control groups: STEM activities were implemented for the experimental group,
while traditional teaching methods were applied to the control group. Quantitative data were
collected using scales measuring 21st-century skills and students’ NOS perspectives. These scales
were administered as pretests and posttests to evaluate the impact of STEM activities on students’
development in these areas.

The qualitative dimension provided a supportive perspective to enrich the research findings. In
this dimension, a case study design was employed to explore students’ experiences and the effects
of STEM activities in depth (Yildirnm & Simsgek, 2021). Case studies focus on detailed
examinations of individuals or groups within specific contexts. In this study, unstructured
observation notes were collected by the teacher to document the impact of STEM activities on
students’ learning experiences. These observations occurred naturally during classroom STEM
activities, capturing students’ behaviors, emotional responses, and overall engagement.
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2.2. Study Group

The study group comprised fourth-grade students attending a public school in the central district
of Diizce province during the fall semester of the 2021-2022 academic year. A total of 35 students
participated in the quantitative component of the study, divided into experimental and control
groups. Among these participants, 20 were female, and 15 were male. The experimental group
included nine females and six male students, while the control group consisted of eleven female
and nine male students.

For the qualitative component, data were collected exclusively from the experimental group to
explore their learning experiences during the STEM activities. Observations focused on students’
engagement and responses to the activities throughout the implementation process.

2.3. Equivalence of the Groups

To ensure the comparability of the experimental and control groups, a t-test was conducted to
analyze their prior science achievement scores, obtained from the e-school system. The average
science achievement score for the experimental group was 2.73, while the control group’s average
score was 2.65. Statistical analysis [t(33) = 0.512, p > 0.05] revealed no significant difference
between the groups in terms of prior science achievement. Thus, it was determined that the
experimental and control groups were equivalent with regard to their initial levels of science
achievement, ensuring a fair comparison of the impact of STEM activities.

2.4. Data Collection Tools
2.4.1. Quantitative Data Collection Instruments

Since the study was conducted with fourth-grade primary school students, the ¢21st Century
Learning and Renewal Skills Scale’ developed by Boyact and Atalay (2016) was employed. In
their reliability study conducted with 609 fourth-grade students during the 2014—2015 academic
year, the overall reliability coefficient of the scale was calculated as .95. The reliability values for
the sub-dimensions were as follows: creativity and renewal (.95), critical thinking and problem-
solving (.94), and cooperation and communication skills (.89). Prior to this study, a reliability
analysis was conducted with 123 fourth-grade students, yielding reliability values of .87, .75, .67,
and .71 for the respective sub-dimensions. According to Biiyiikoztiirk et al. (2010), these values
indicate that the scale demonstrates acceptable reliability.

The ‘Students’ Ideas about Nature of Science (SINOS)’ scale, originally developed by Chen et
al. (2013) and adapted into Turkish by Cansiz et al. (2017), was also used in this study. The
Turkish version of the scale comprises seven sub-dimensions: theory-ladenness and subjectivity,
creativity and imagination, changeability, durability, consistency and objectivity, science for
girls, and science for boys. In its adaptation study, the scale was administered to 380 secondary
school students and reported a reliability value of .85 (Cansiz et al., 2017). Since the original
study group consisted of secondary school students, modifications were made to adapt the scale
for primary school students. These adaptations included converting the scale into a three-point
Likert-type format based on expert consultations and obtaining the necessary permissions.
Additionally, certain sub-dimensions, such as theory-ladenness and subjectivity, creativity and
imagination, and consistency and objectivity, were excluded to better align with the
developmental level of primary school students. Following these adjustments, the adapted version
of the scale consisted of 14 items. In a reliability analysis conducted with 64 primary school
students, the revised scale yielded a reliability coefficient of .69, indicating acceptable reliability
for this study.
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2.4.2. Qualitative Data Collection Instruments

In this study, unstructured observation notes, taken by the teacher served as the qualitative data
collection tool. These notes documented the behaviors, impressions, and teacher-student
interactions observed in the experimental group during their participation in STEM activities.
After each lesson, the teacher recorded detailed observations regarding students’ responses, levels
of engagement, and collaboration throughout the activities. The purpose of these observations
was to provide a comprehensive understanding of the impact of STEM activities on students’
learning experiences and the overall process. The collected data were analyzed using thematic
analysis, which allowed for a deeper exploration of the effects of STEM activities on students’
engagement, collaboration, and learning outcomes.

2.5. Implementation Process

The researcher developed the lesson plans and activities used in this study, incorporating expert
opinions at every stage of the preparation process. The activities were carefully designed to align
with the primary school students' developmental level and the study's objectives. The lesson plans
were structured around the "Earth's Crust and the Movements of Our Earth' unit within the fourth-
grade Science curriculum. STEM activities were integrated into the lessons and implemented over
eight weeks to ensure alignment with the curriculum and the study's goals.

Table 1
Implementation Process by Weeks
Weeks Lesson Plan Activities Steps of Activities
Week 1 Pre-Test
Activity 1: Rock Cards Explore
Week 2 1.Lesson Plan Activity 2: Rock Investigation Explain
Activity 3: Stone Collecting Elaborate
Week 3 2.Lesson Plan Activity 4: Paleontologist Task Fossils Elaborate
Week 4 3.Lesson Plan Activity 5: Travelling to Space Elaborate
Week 5 4.Lesson Plan Activity 6: Sundial Elaborate
Week 6 5.Lesson Plan Activity 7: Building my own Satellite Explain
Week 7 6. Lesson Plan Activity 8: Landing on Mars Elaborate
Week 8 Post-Test

In the control group, lessons were conducted using a teacher-centered approach, where the teacher
primarily assumed the role of a lecturer. The instruction predominantly relied on the question-
and-answer technique, and a world model along with a flashlight were used as instructional tools
to support the unit content. Lessons were structured around the textbook commonly used in
schools, with students expected to take notes on key points as directed by the teacher. At the end
of each topic, tests were administered to evaluate students’ understanding and retention of the
material.

2.6. Data Analysis

2.6.1. Analysis of Quantitative Data

Quantitative data obtained from the 21st Century Learning and Renewal Skills Scale were
analyzed using dependent and independent samples t-tests, as the data satisfied the assumptions

of normality (p > .05) and homogeneity (p > .05). In contrast, data collected using the Ideas About
the Nature of Science Scale did not meet the assumption of normality (p < .05). Consequently,
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non-parametric tests, including the Mann-Whitney U test and the Wilcoxon Signed Rank Test,
were employed for analysis.

2.6.2. Analysis of Qualitative Data

Qualitative data collected through teacher observation notes during STEM activities were
analyzed using thematic content analysis to understand their impact on students’ learning
experiences. After the coding process, the data were organized into sub-categories, categories,
and main themes. To enhance the reliability of the analysis, 10% of the data was independently
coded by two researchers, achieving an inter-coder agreement rate of 77%. This calculation
followed the reliability formula recommended by Miles and Huberman (1994). Relationships
among the derived themes were further examined to develop a comprehensive perspective on the
learning process.

2.7. Ethics Committee Permission

All procedures in this research complied with the principles outlined in the Directive on Scientific
Research and Publication Ethics of Higher Education Institutions. Ethical approval for the study
was obtained from the Diizce University Graduate Education Institute Ethics Committee, with the
decision dated 30.09.2021 and numbered 2021-231.

3. Findings
3.1. Findings Related to 21st Century Learning and Renewal SkKills

The 21st Century Learning and Renewal Skills levels of students in the experimental and control
groups were compared using a t-test. The pretest mean score for the experimental group was 2.34,
while the control group had a pretest mean score of 2.31. The analysis results [t(33) = 0.336, p >
0.05] indicated no statistically significant difference between the groups, suggesting that both
groups were at a comparable level in terms of 21st-century skills prior to the intervention.

Table 3 presents the results of the t-test examining the significance of differences between the
posttest scores of the experimental and control group students on the ‘21st Century Learning and
Renewal Skills Scale’.

Table 3
21st Century Learning and Renewal Skills Scale Intergroup Posttest T-Test Results
Dimensions Group N X SS sd t p
21st Century Learning and Experiment 15 2.49 .189 -
Renewal Skills Scale Control 20 2.28 .169 33 3387 002
Creativity and Renewal Sub- Experiment 15 2.51 184 .
dimension Control 20 2.28 .158 33 4031 000
Critical Thinking and Problem Experiment 15 2.37 224 *
Solving Sub-dimension Control 20 2.22 .269 33 2716 046
Cooperation and Experiment 15 2.64 .263
Communication Sub-dimension  Control 20 2.62 242 33 2015052

The mean posttest score of the experimental group students on the overall 21st Century Learning
and Innovation Skills Scale (Xposttest = 2.49) was statistically significantly higher than the mean
score of the control group students (Xposttest = 2.28). The t-test analysis indicated that this
difference was significant in favor of the experimental group [t(33) = 3.387, p< .05].
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In the Creativity and Innovation sub-dimension, the mean posttest score of the students in the
experimental group (Xposttest = 2.51) was statistically significantly higher than the mean score
of the students in the control group (Xposttest = 2.28) [t(33) = 4.031, p< .05].

In the Critical Thinking and Problem-Solving sub-dimension, the mean posttest scores of the
students in the experimental group (Xposttest = 2.37) were also statistically significantly higher
than those of the control group (Xposttest = 2.22) [t(33) = 2.716, p< .05].

In the Cooperation and Communication subdimension, the mean posttest scores of both the
experimental (Xposttest = 2.64) and control (Xposttest= 2.62) group students were higher than
those in other subdimensions. However, the activities did not have a statistically significant effect
on improving the students' cooperation and communication skills [t(33) = 2.015, p > .05].

3.2. Findings Related to Thoughts on the Nature of Science

Since the scale scores of the students in the experimental and control groups did not follow a
normal distribution, they were analyzed using the Mann-Whitney U test. The comparison of the
pretest rank averages [U(Nexp = 15, Nconwot = 20) = 93.500, z = -1.899, p > .05] indicated no
statistically significant difference between the groups. This result suggests that the students in the
experimental and control groups were similar in terms of their initial thoughts on the nature of
science.

The change in the posttest scores of the students in both groups, with respect to their thoughts on
the nature of science, was also evaluated using the Mann-Whitney U test, and the results are
presented in Table 4.

Table 4

Posttest Mann-Whitney U Test Results of Thoughts on the Nature of Science Scale Between
Groups

Group N Posttest X Rank Mean  Row Total U p
Experiment 15 242 21.63 324.5
Control 20 2.26 15.28 3055 500 067

The mean posttest score of the experimental group students (Xpostest = 2.42) was higher than the
mean score of the control group students (Xpostest = 2.26). However, the results of the Mann-
Whitney U test indicate that this difference is not statistically significant [U (Nexp = 15, Ncontrol =
20) =95.500, z = -1.829, p > .05].

3.3. Contributions of STEM Applications to Students’ Learning Experiences

Teacher observation notes were recorded in an unstructured format to document students’
learning experiences during STEM activities in detail. For instance, notes were taken on students’
engagement, prior knowledge levels, curiosity, and peer discussions on topics like the shape of
the Earth, space, and rocket design. These observations reflect how students think, learn, and
engage in discussions in a natural classroom setting.

To minimize potential bias, the teacher adopted an interactive yet non-intrusive observer role,

maintaining the notes in a format that aimed to objectively capture student behaviors and
interactions.
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When the teacher observation notes were systematically analyzed, the emerging themes,
categories, and subcategories are presented as a schema in Figure 1.

Understanding Scientific Concepts

Scientific Thinking and Inquiry {
1 Mmt of - Scientific Inquiry Skills
£ Academic and Cognitive
/ Skills Developing Innovative kdeas
[‘ Creativity and Problem Solving {

Critical Thinking

Effective Group Work
Collaboration and Teamwork
Social Interaction and

2. Dwelopment of Social Communication
and Communication Skills

ST
Development of Communication Self-Expression

Skilts Understanding Others
Increased Participation and { Active Participation in Lessons
Contributions of 3. Motivation and Attitude uest Enjoyable Learning Experience
STEM Activities to Towards Learning o - - 5 ST
Students According Continuity in Leaming Desire {

: B Long-Term Interest and Curiosity
to Teachers' Opinions

Keeping Up with Technological
[~ Developments

1 Understanding Technological
4. Increased Awareness of Concepts

Technology and Space Interest in Space Exploration and
Research
- Interest in Space and Astronomy —
Interest in Science History and
Figures

Application of Leamed Practical Experiences
D — ) (icidacon .
and Application Active Participation in the Taking Responsibility
Learning Process Self-Regulation Skills

Figure 1. Contributions of STEM Activities to Students’ Learning Experiences: Schema of
Themes, Categories, Subcategories

The findings from teacher observation notes show that STEM activities have a multidimensional
effect on students, manifesting in various areas such as cognitive development, social skills,
motivation, and technology awareness.

3.3.1. Development of Academic and Cognitive Skills

STEM activities significantly enhanced students’ scientific thinking, creativity, and problem-
solving abilities. Students demonstrated a deeper understanding of scientific concepts, improved
questioning skills, and engaged in creative thinking processes. These activities enabled students
to integrate scientific knowledge into daily life rather than simply memorizing course content.
For instance, students developed curiosity about fundamental scientific concepts, such as the
shape of the Earth and the formation of day and night. They demonstrated their ability to question
these ideas. Such scientific inquiry contributes to students’ scientific literacy and critical thinking,
supporting their future learning processes. Moreover, problem-solving and creativity skills
improved as students participated in STEM activities. Through trial and error during experiments,
students learned to generate innovative solutions and address practical problems, which increased
their confidence in tackling scientific challenges. These enhancements in students’ academic and
cognitive skills are organized into categories, subcategories, and codes, as illustrated in Figure 2.
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Students providing accurate and detalled
— knowledge about the Earth's shape and
movements

Understanding Scientific Concepts —— Relating scientific concepts to everyday life

\_ Using knowledge recalled from previous
leszons during activities
tific Thinki Incuuiry
(i ) Providing creative and thought-prevoking
("~ answers to scientific questions

Demonstrating curicsity and inquiry about
Scientific Inquiry Skills —t— natural phenomena (eg, the formation of day
and night)

\_ Showing interest in scientific processes and
1. Development of Academic and discoveries
Cognitive Skills Producing original and creative solutions during
design

(" activities such as rockat

| _ Experimenting with differant materials and

2ol | methods to observe results

\_ Working through trial and error to achieve the
best outcome

i adRy Sebng Ak itical thons about technological
ing cri ques! ecl
— developments (e.g, how unmanned space
vehicles work)

Critical Thinking —t— Pt ing and di

\~ Supporting their ideas with logical arguments

Figure 2. Categories, Subcategories, and Codes Related to the “Development of Academic and
Cognitive Skills” Theme

3.3.2. Development of Social and Communication Skills

STEM activities also significantly enhanced students’ social and communication skills. During
group work, students collaborated to produce solutions, improving their communication and
social interaction. They exchanged ideas, made decisions, and shared responsibilities within their
groups to achieve common goals. This process strengthened their teamwork skills and taught them
to take individual responsibility. These social skills enabled students to work more effectively,
individually, and collaboratively, providing valuable experience for future projects requiring
cooperation. Additionally, improved communication skills empowered students to express their
ideas clearly while appreciating the perspectives of others. These observed enhancements in
students’ social and communication skills are organized into categories, subcategories, and codes,
as depicted in Figure 3.

Collaborating to design a rocket with a
common goal in mind

Sharing responaibilities and tasks within the

Effective Group Work
group

3 group decisions and contributing to

the pro

Collaboration and Teamwork
Exchanging ideas to find the best solution
Social Interaction and Communication Practicing active listening and mus
2 of and Communicating effectively with group members
Development of Social
Communication Skills ding to questions and participating in
Self-Expression Clearly expressing thoughts and ideas
Developing presentation and sharing skills
Development of Communication Skills

Valuing the ideas and opinions of peers

Understanding Others

Communicating to develop a shared
understanding

Figure 3. Categories, Subcategories, and Codes Related to the “Development of Social and
Communication Skills” Theme
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3.3.3. Motivation and Attitude Towards Learning

The impact of STEM activities on motivation was evident. Students’ interest and participation in
lessons increased, with previously disengaged students actively joining the activities. The fun and
interactive learning environment fostered positive attitudes toward the subject and cultivated a
more favorable perspective on the learning process. Students’ willingness to learn outside the
classroom also emerged as a long-term effect of STEM activities. Their eagerness to repeat
experiments at home or bring objects (e.g., stones) into the classroom for examination
demonstrates how the learning process extends beyond the classroom and leaves a lasting impact.
Such behaviors maintain students’ scientific curiosity and illustrate the sustainability of STEM-
based learning. These observed improvements in students’ motivation and attitudes towards
learning are represented through the categories, subcategories, and codes presented in Figure 4.

D g high levels of
(1 during lessons

| _ Being eager to participate in question-and-

Active Participation in Lessons -1
answer sessions

\_ Notably active participation from students who
— Increased Participation and Interest previously didn't engage

~ Enjoying and having fun during activities
Enjoyable Learning Experience —+— Finding leaming to be engaging and interesting

\~ Requesting similar activities for future lessons

3 ivation Atti Towar:
E Motivation and Attitude Towards Expressing the desire to repeat activities at
earning (~ home (eg. rocket experiment)

| Sharing what they've leamed with family
Leaming Beyond the Classroom "

\__ Bringing materials (e.g, stones) from their
environment into the classroom

\~ Continuity in Leaming Desire

Continuing interest in STEM and sclence-
(~ related topics

Long-Term Interest and Curiosity —t— Desire to learn and discover new information

= Aspiring to become a scientist or engineer

Figure 4. Categories, Subcategories, and Codes Related to the “Motivation and Attitude
Towards Learning” Theme

3.3.4. Increased Technology and Space Awareness

STEM activities increased students’ interest and awareness of technology and space-related
topics. For example, their curiosity about Elon Musk’s projects and space exploration suggests
that STEM activities could inspire some students to pursue careers in these fields. This highlights
how STEM activities enhance classroom learning and cultivate a lasting interest in technology
and space sciences. This heightened awareness is evidenced by students’ desire to learn about
current scientific developments and their growing interest in scientific discoveries. Their
guestions about space exploration and technological advancements demonstrate that these
activities deepen students’ scientific thinking and increase their likelihood of pursuing careers in
STEM-related fields. Figure 5 illustrates the categories, subcategories, and codes associated with
the theme of “Increased Technology and Space Awareness,” highlighting how STEM activities
stimulate students’ curiosity about technology and space-related topics, such as space exploration
and current scientific advancements.
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~ Expressing interest in Elon Musk and his projects

Keeping Up with gical D —— Asking about how works
\_ Showing curiosity about unmanned space
wvehicles and technology

~ Interest in Technology
- Recognizing the role of technology In everyday
life

|__ Discussing the impact of technological
innovations on society

4. Increased Awareness of B \ tmimd using technology-related
Technology and Space

~ Excitement about the idea of going to space

Understanding Technological Concepts -

Interest in Space Exploration and Research  —4— Leaming about astronauts and space missions

- Asking questions about space exploration

(-
Interest in Space and Astronomy _ Wanting to leam about the work of notable
scientists throughout history

| Ur vg the historical d of
sclentific discoveries

Interest in Science History and Figures

\— Showing Interest in the life stories of sclentists

Figure 5. Categories, Subcategories, and Codes Related to the “Increased Technology and
Space Awareness” Theme

3.3.5. Permanent Learning and Application

STEM activities also profoundly impacted permanent learning. The fact that students revisited
and applied the knowledge gained during these activities at home and in daily life suggests that
their learning was deepened and more enduring. This permanence indicates that STEM activities
are not merely short-term knowledge acquisition exercises but provide students with long-term,
practical learning experiences. Following these activities, students often conducted new
experiments independently and took greater responsibility for their learning process. Figure 6
presents the categories, subcategories, and codes related to the theme of “Permanent Learning and
Application,” demonstrating how STEM activities contribute to long-lasting and practical
learning experiences that extend beyond the classroom setting.

Desire to conduct experiments at home
Practical Experiences Applying learned knowledge in everyday life
Creating new projects and ideas

Application of Learned Knowledge

Conducting further research on topics

Deepening Leaming Using and
5.p tL i y E | in different
Application Taking an active role in the leaming process

Taking Responsibility Fulfilling tasks and responsibilities
Setting their own learning goals
Active Participation in the Leaming Process
Evaluating and improving their own learning
Self-Regulation Skills Progressing by taking feedback into account

Developing learning strategies

Figure 6. Categories, Subcategories, and Codes Related to the “Permanent Learning and
Application” Theme

The findings show that STEM activities offer multifaceted benefits to students, fostering scientific
thinking, problem-solving, social interaction, and technological awareness. STEM education
enhances academic achievement and contributes to students’ personal development by improving
their social, communication, and motivational skills.
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The lasting effects of these activities are reflected in students’ positive attitudes toward learning,
which extend beyond the classroom. STEM activities equip students with essential skills for
advancement in scientific and technological fields while promoting sustained, impactful learning.

4. Conclusion and Discussion

This study evaluated the development of 21st-century skills, understanding of the nature of
science (NOS), and learning experiences of fourth-grade primary school students. The effects of
STEM applications, which incorporated topics from the ‘Earth and Universe’ unit in the
experimental group and textbook-oriented teaching in the control group, were analyzed.

4.1. 21st-Century SKills

The first sub-problem examined the impact of STEM activities on students’ 21st-century skills.
Bybee (2010) emphasized that STEM practices enhance productivity and foster 21st-century
skills. The results revealed significant differences between the experimental and control groups
in favor of the experimental group, underscoring the effectiveness of STEM activities in
developing these skills. Post-application analysis of the sub-dimensions of the 21st-century skills
scale demonstrated significant improvements in creativity, innovation, critical thinking, and
problem-solving among students in the experimental group. While no statistically significant
differences were found for collaboration and communication skills, observation notes revealed
that these skills were still developed during the STEM activities. Students demonstrated improved
communication and a greater tendency to collaborate during group work. These findings align
with the literature documenting the positive impact of STEM activities on collaboration and
communication skills (Abernathy & Vineyard, 2001; Aydin & Karshi-Baydere, 2019; Dewaters
& Powers, 2006; Higde, 2018; Karahan, Bilici, & Unal, 2015; Khanlari, 2013; Morrison, 2006;
Ozgelik & Akgiindiiz, 2017; Sahin et al., 2014). Additionally, studies by Yavuz (2019), Capraro
and Jones (2013), and Knezek et al. (2013) highlight STEM activities as effective tools for
enhancing critical thinking, problem-solving, and creativity. Pekbay (2017) further emphasized
the role of STEM activities in improving real-world problem-solving abilities. The results indicate
that students in the experimental group outperformed the control group in creativity, innovation,
critical thinking, and problem-solving. However, the lack of statistically significant improvement
in collaboration and communication suggests that longer-term applications or alternative
strategies may be needed to develop these skills further. These findings offer valuable guidance
for teachers to effectively design and implement STEM education. The widespread and sustained
application of STEM activities could contribute to the balanced development of critical thinking,
problem-solving, collaboration, and communication skills.

4.2. Understanding of the Nature of Science (NOS)

The second sub-problem explored students’ understanding of NOS. A significant increase was
observed in the pretest-posttest scores of the experimental group, indicating that STEM activities
contributed to a deeper understanding of NOS concepts and scientific thinking skills. In particular,
students recognized that scientific knowledge is evidence-based and scientific processes are
multidimensional, highlighting the age-appropriateness of STEM activities for fostering NOS
comprehension. While the experimental group's post-test scores were higher than those of the
control group, the difference was not statistically significant. This suggests that although STEM
activities positively impact NOS understanding, the effect may not be substantial compared to
textbook-based teaching. A literature review supports the positive effects of STEM activities on
NOS understanding. For example, Bektas (2011) found that activities designed using the SE
model significantly enhanced NOS comprehension among students. Similarly, Sik (2019) and
Eroglu (2018) documented positive contributions of STEM activities to NOS understanding at
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the middle and high school levels. Studies with pre-service teachers (Biiber-Kiling, 2021;
Yildirim et al., 2017) also confirmed similar findings. However, research specifically examining
STEM’s impact on NOS at the primary school level remains limited, indicating a need for further
studies to deepen understanding of its effects on younger students.

4.3. Learning Experiences

Qualitative findings from teacher observation notes revealed that STEM activities had
multifaceted and lasting effects on students. These activities enhanced scientific thinking,
creativity, and problem-solving skills while fostering social interaction, cooperation, and
communication. Increased participation and motivation were observed, with the enjoyable and
interactive structure of STEM activities promoting positive attitudes toward learning.
Additionally, students exhibited a growing interest in technology and space sciences, fostering
long-term curiosity and engagement in these fields. This extended learning beyond the classroom
and encouraged sustained interest in scientific exploration.

In conclusion, this study's findings suggest that STEM activities are an effective tool for
developing 21st-century skills, understanding the nature of science, and enhancing overall
learning experiences at the primary school level. STEM activities' positive contributions to both
in-class and out-of-class learning processes underscore the necessity and importance of enriching
educational programs with these activities.

References

Abernathy, T. V., & Vineyard, R. N. (2001). Academic competitions in science: What are the
rewards for students? The Clearing House, 74(5), 269-276.

Adbo, K., & Taber, K. S. (2009). Learners’ mental models of the particle nature of matter: A
study of 16-year-old Swedish science students. International Journal of Science Education,
31(6), 757-786.

Ananiadou, K., & Claro, M. (2009). 21st century skills and competences for new millennium
learners in OECD countries. OECD Education Working Papers, 41, OECD Publishing.
https://doi.org/10.1787/218525261154

Aydin, E., & Karsli Baydere, F. (2019). Yedinci smif 6grencilerinin STEM etkinlikleri
hakkindaki gortisleri: Karigimlarin ayristirtlmasi 6rnegi [7 th Grade Students’ Views about
STEM Activities: Example of Separation of Mixtures]. Ondokuz Mayws University Journal
of Faculty of Education, 38(1), 35-52.

Beers, S. Z. (2011). 21st century skills: Preparing students for their future.
https://cosee.umaine.edu/files/coseeos/21st century skills.pdf

Bektas, O. (2011). 10. sinif ogrencilerinin maddenin tanecikli yapisi, epistemolojik inanislar ve
fenin dogast hakkindaki goriisleri iizerine 5SE dgrenme modelinin etkisi [The effect of 5E
learning cycle model on tenth grade students' understanding in the particulate nature of
matter, epistemological beliefs and views of nature of science] (Unpublished doctoral
dissertation). Middle East Technical University.

Belet Boyaci, S., & Giiner Ozer, M. (2019). Ogrenmenin gelecegi: 21. yiizy1l becerileri
perspektifiyle Tiirkge dersi 6gretim programlari [The future of learning: 21st century skills
perspective on Turkish language teaching programmes]. Anadolu Journal of Educational
Sciences International, 9(2), 708-738.

Asian Journal of Instruction, 12(2), 21-37, 2024


https://doi.org/10.1787/218525261154
https://cosee.umaine.edu/files/coseeos/21st_century_skills.pdf

34
Impact of STEM on Primary School Students' 21st Century Skills, NOS, and Learning Experiences

Boyaci, S., & Atalay, N. (2016). A scale development for 21st century skills of primary school
students: A validity and reliability study. International Journal of Instruction, 9(1), 133-
148.

Biiber-Kiling, A. (2021). Modellemeden FeTeMM e: Ogretim uygulamalarimn fen bilimleri
ogretmen adaylarimin tist diizey bilimsel diisiinme becerilerine ve alternatif yaklagimlara
dayali bilimin dogasi anlayiglarina etkisi [From modelling to STEM: The effect of teaching
practices on pre-service science teachers’ high-level scientific thinking skills and their
understanding of the nature of science based on alternative approaches] (Unpublished
doctoral dissertation). Dokuz Eyliil University.

Biiyiikoztiirk, S., Cakmak, E. K., Akgiin, O. E., Karadeniz, S., & Demirel, F. (2010). Bilimsel
arastirma yontemleri [Scientific research methods] (23rd ed.). Pegem Akademi.

Bybee, R. W. (2009). The BSCS 5E instructional model and 21st century skills. BSCS.

Bybee, R. W. (2010). What is STEM education? Science, 329(5995), 996-996.
https://doi.org/10.1126/science.1194998

Campbell, T., Zhang, D., & Neilson, D. (2011). Model-based inquiry in the high school physics
classroom: An exploratory study of implementation and outcomes. Journal of Science
Education and Technology, 20(3), 258-2609.

Cansiz, M., Cansiz, N., Tas, Y., & Yerdelen, S. (2017). Turkish version of students’ ideas about
nature of science questionnaire: A validation study. International Journal of Progressive
Education, 13, 42-51.

Capraro, M. M., & Jones, M. (2013). Interdisciplinary STEM project-based learning. In STEM-
Project-based learning: An integrated science, technology, engineering and mathematics
approach (pp. 51-58). Sense Publishers.

Chen, S., Chang, W. H., Lieu, S. C., Kao, H. L., Huang, M. T., & Lin, S. F. (2013). Development

of an empirically based questionnaire to investigate young students’ ideas about nature of
science. Journal of Research in Science Teaching, 50(4), 408-430.

Caliskan, A., & Okusluk, F. (2021). Tiirkiye’de STEM alaninda ve egitim-6gretim konusunda
yapilmis olan lisansiistii tezlerin igerik analizi [Content analysis of postgraduate theses in
the field of STEM and education and training in Turkey]. Academia Journal of Educational
Research, 6(1), 124-136.

Dewaters, J., & Powers, S. (2006). Improving science literacy through project-based K12
outreach efforts that use energy and environmental themes. Annual Conference and
Exposition, Chicago, Illinois.

Ecevit, T., Yildiz, M., & Balci, N. (2022). Tiirkiye’deki STEM egitimi caligmalarinin igerik
analizi [Content analysis of STEM education studies in Turkey]. Abant Izzet Baysal
University Journal of Faculty of Education, 22(1), 263-286.

Eroglu, S. (2018). Atom ve periyodik sistem tinitesindeki STEM uygulamalarimin akademik
basart, bilimsel yaraticilik ve bilimin dogasina yénelik diisiinceler iizerine etkisi [ The effect
of STEM applications in atom and periodic system unit on academic achievement, scientific
creativity and thoughts about the nature of science] (Unpublished master’s thesis). Erciyes
University.

Glinbatar, S. A., & Tabar, V. (2019). Tiirkiye’de gerceklestirilen STEM arastirmalarinin igerik
analizi [Content analysis of STEM research in Turkey]. Van Yiiziincii Yil University
Journal of Faculty of Education, 16(1), 1054-1083.

Asian Journal of Instruction, 12(2), 21-37, 2024


https://doi.org/10.1126/science.1194998

35
Mesut YILDIZ, Tugba ECEVIT

Han, J., Kelley, T., & Knowles, J. G. (2021). Factors influencing student STEM learning: Self-
efficacy and outcome expectancy, 21st century skills, and career awareness. Journal for
STEM Education Research, 4(2), 117-137.

Harrison, A. G., & Treagust, D. F. (1996). Secondary students’ mental models of atoms and
molecules: Implications for teaching chemistry. Science Education, 80(5), 509-534.

Hastiirk, G. (2017). Fen bilimleri dersi dgretim programi [Science course curriculum]. In G.
Hastiirk (Ed.), Teoriden pratige fen bilimleri 6gretimi [Science teaching from theory to
practice] (pp. 3). Pegem Akademi Yayincilik.

Higde, E. (2018). Ortaokul 7. suf ogrencileri icin hazirlanan STEM etkinliklerinin farki
degiskenlere ydnelik etkisinin incelenmesi [Examining the effect of STEM activities
prepared for middle school 7th grade students on different variables] (Unpublished
doctoral dissertation). Adnan Menderes University.

Ince, K., & Ozgelen, N. (2015). Bilimin dogas1 alaninda son 10 yilda yapilan ¢alismalarin farkli
degiskenler agisindan incelenmesi [Analysing the studies conducted in the field of nature
of science in the last 10 years in terms of different variables]. Mersin University Journal of
Faculty of Education, 11(2), 447-468.

Karahan, E., Bilici, S., & Unal, A. (2015). Integration of media design processes in science,
technology, engineering, and mathematics (STEM) education. Eurasian Journal of
Educational Research, 15(60), 221-240.

Karasar, N. (2004). Bilimsel arastirma yontemi [Scientific research method]. Nobel Yaymcilik.

Kelesoglu, S., & Kalayci, N. (2017). Dordiincii sanayi devriminin esiginde yaraticilik, inovasyon
ve egitim iligkisi [The relationship between creativity, innovation, and education on the
threshold of the fourth industrial revolution]. Yaratict Drama Dergisi, 12(1), 69-86.

Khanlari, A. (2013). Effects of robotics on 21st century skills. European Scientific Journal (ESJ),
9(27), 26-97.

Knezek, G., Christensen, R., Tyler-Wood, T., & Periathiruvadi, S. (2013). Impact of
environmental power monitoring activities on middle school student perceptions of STEM.
Science Education International, 24(1), 98-123.

Kostur, H. 1. (2017). FeTeMM egitiminde bilim tarihi uygulamalar1: E1-Cezeri 6rnegi [History of
science applications in STEM education: The case of Al-Jazari]. Baskent University
Journal of Education, 4(1), 61-73.

Langdon, D., Mckittrick, G., Beede, D., Khan, B., & Doms, M. (2011). STEM: Good jobs now
and for the future. U.S. Department of Commerce Economics and Statistics Administration,
3(11), 2. 3-11.

Lederman, N. G., & Zeidler, D. L. (1987). Science teachers’ conceptions of the nature of science:
Do they really influence teacher behavior? Science Education, 71(5), 721-734.

MoNE [Ministry of National Education]. (2013). [lkégretim 6., 7. ve 8. sinif fen ve teknoloji dersi
ogretim programlarr [Primary 6th, 7th and 8th Grade Science and Technology
Curriculum]. Milli Egitim Bakanlig1 Talim ve Terbiye Kurulu Bagkanligi.

MoNE [Ministry of National Education]. (2005). Fen bilimleri 6gretim programi [Science
teaching programme].

Morrison, J. S. (2006). Attributes of STEM education: The student, the school, the classroom.
TIES [Teaching Institute for Excellence in STEM]. http://daytonos.com/pdf/stem.pdf

Asian Journal of Instruction, 12(2), 21-37, 2024


http://daytonos.com/pdf/stem.pdf

36
Impact of STEM on Primary School Students' 21st Century Skills, NOS, and Learning Experiences

National Research Council [NRC]. (2012). Education for life and work: Developing transferable
knowledge and skills in the 21st century. The National Academies Press.

NGSS Lead States. (2013). Next generation science standards: For states, by states. The National
Academies Press.

OECD (The Organisation for Economic Co-operation and Development). (2012). Connected
minds: Technology and today’s learners, educational research and innovation.
https://www.oecdilibrary.org/education/connected-minds_9789264111011-en

Ozan, F., & Uluginar Sagir, S. (2020). FeTeMM etkinliklerinin ortaokul 6grencilerinin bilimin
dogas1 hakkindaki goriislerine etkisi [The effect of STEM activities on middle school
students’ views on the nature of science]. Journal of Science, Technology, Engineering,
Mathematics and Art (JSTEAM) Education, 3(2), 32-43.

Ozgelik, A., & Akgiindiiz, D. (2018). Ustiin/6zel yetenekli 6grencilerle yapilan okul disit STEM
egitiminin degerlendirilmesi [Evaluation of out-of-school STEM education with
gifted/talented students]. Trakya University Journal of Faculty of Education, 8(2), 334-
351.

P21 (Partnership for 21st Century Learning). (2021). Framework for 21st century learning.
https://www.battelleforkids.org/networks/p21

Pekbay, C. (2017). Fen, teknoloji, miihendislik ve matematik etkinliklerinin ortaokul égrencileri
tizerindeki etkileri [The effects of science, technology, engineering and mathematics
activities on middle school students] (Unpublished master’s thesis). Hacettepe University.

Sen, C., Ay, Z. S., & Kiray, S. A. (2018). STEM becerileri ve 21. yiizy1l egitimi [STEM skills
and 21st century education]. In Research highlights in STEM education, 81-101.

Sonmez, E. (2014). Miifredat disi biyoteknoloji etkinliklerinin oOgrencilerin biyoteknoloji
bilgilerine ve bilimin dogast hakkindaki goriislerine etkisi [The effect of extracurricular
biotechnology activities on students’ biotechnology knowledge and their views on the
nature of science] (Unpublished master’s thesis). Kastamonu University.

Sahin, A., Ayar, M. C., & Adigiizel, T. (2014). Fen, teknoloji, mithendislik ve matematik icerikli
okul sonrasi etkinlikler ve 6grenciler tizerindeki etkileri [Science, technology, engineering
and mathematics after-school activities and their effects on students]. Kuram ve
Uygulamada Egitim Bilimleri, 14(1), 297-322.

Sik, N. U. (2019). Bilimin dogasi unsurlarimn fen, teknoloji, miihendislik ve matematik
(FeTeMM) yaklasimi ile ogretimi [Teaching the elements of the nature of science with
science, technology, engineering and mathematics (STEM) approach] (Unpublished
master’s thesis). Balikesir University.

Trilling, B., & Fadel, C. (2009). 21st century skills: Learning for life in our times. John Wiley &
Sons.

Turan, K. (2018). Ddérdiincii sanayi devriminin uluslararast iligkilere sosyoekonomik etkileri
[Socioeconomic effects of the fourth industrial revolution on international relations]
(Unpublished master’s thesis). Ege University.

Tirkmen, L., & Yal¢in, M. (2001). Bilimin dogas1 ve egitimdeki énemi [The nature of science
and its importance in education]. Egitim, 72, 19-40.

TUSIAD. (2014). Fen, teknoloji, miihendislik ve matematik alamnda egitim almis is giiciine
yonelik talep ve beklentiler arastirmasi [Demand and expectations research for labour force
educated in science, technology, engineering and mathematics].

Asian Journal of Instruction, 12(2), 21-37, 2024


https://www.oecdilibrary.org/education/connected-minds_9789264111011-en
https://www.battelleforkids.org/networks/p21

37
Mesut YILDIZ, Tugba ECEVIT

https://tusiad.org/tr/vayinlar/raporlar/item/8054-stem-alaninda-egitim-almisisgucu-ne-
yonelik-talep-ve-beklentiler-arastirmasi

Uluyol, C., & Eryilmaz, S. (2015). 21. yiizy1l becerileri 1513inda FATIH projesi degerlendirmesi
[Evaluation of FATIH project in the light of 21st century skills]. Gazi University Gazi
Faculty of Education Journal, 35(2), 209-229.

Wagner, T. (2008). The global achievement gap: Why even our best schools don’t teach the new
survival skills our children need and what we can do about it. Basic Books.

Yasar, B. E. (2021). Fen bilimleri 6gretmenlerinin 21. yiizyil becerileri 6z yeterlilik algilari ve
STEM tutumlarimin incelenmesi [Examination of science teachers’ 21st century skills self-
efficacy perceptions and STEM attitudes] (Unpublished master’s thesis). Kirikkale
University.

Yavuz, U. (2019). llkokul fen bilimleri dersinin fen, teknoloji, miihendislik ve matematik
(FeTeMM) etkinlikleri ile islenmesi [Processing of primary school science course with
science, technology, engineering and mathematics (STEM) activities] (Unpublished
master’s thesis). Afyon Kocatepe University.

Yildirim, A., & Simsek, H. (2021). Sosyal bilimlerde nitel arastirma yontemleri [Qualitative
research methods in social sciences]. Seckin Yayincilik.

Yildirim, B., Sahin, E., & Tabaru, G. (2017). The effect of STEM practices on pre-service
teachers’ beliefs on the nature of science, their attitudes towards scientific research and
constructivist approach. Uluslararast Avrasya Sosyal Bilimler Dergisi, 8, 28-45.

Ethics Committee Permission:
In this study, all rules stated in the ‘Directive on Scientific Research and Publication Ethics of
Higher Education Institutions’ were followed. Ethical approval for this study was obtained from

the Diizce University Graduate Education Institute Ethics Committee, with the decision dated
30.09.2021 and numbered 2021-231.

Asian Journal of Instruction, 12(2), 21-37, 2024


https://tusiad.org/tr/yayinlar/raporlar/item/8054-stem-alaninda-egitim-almisisgucu-ne-yonelik-talep-ve-beklentiler-arastirmasi
https://tusiad.org/tr/yayinlar/raporlar/item/8054-stem-alaninda-egitim-almisisgucu-ne-yonelik-talep-ve-beklentiler-arastirmasi

