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Abstract: This study investigates the impact of ecology-based STEAM (Science, Technology, Engineering,
Art, and Mathematics) activities on biology teachers’ ecological citizenship, STEAM awareness, and
attitudes toward art education. Designed as a convergent parallel mixed-methods study, it involved 26 in-
service biology teachers from diverse regions in Turkiye. Quantitative data were collected using three
validated instruments: the Ecological Citizenship Scale, the STEM Awareness Scale for Secondary School
Teachers, and the Attitude Toward Art Education Scale, applied as pre- and post-tests. Qualitative data was
obtained through teachers’ daily reflections, focus group interviews, and lesson plans developed during the
training.The results showed significant improvements in teachers' ecological citizenship, STEM awareness,
and attitudes toward art education. Teachers appreciated the interdisciplinary nature and classroom
applicability of the 26 STEAM activities conducted over six days. While participants expressed high
motivation to integrate STEAM practices, some lesson plans revealed insufficient interdisciplinary alignment,
particularly in incorporating engineering, mathematics, and technology components. The findings highlight
the potential of STEAM-based professional development to support both environmental awareness and
pedagogical growth. However, the study also underscores the need for ongoing support in curriculum literacy
and integrated instructional design to ensure the effective adoption of STEAM approaches in science
education.
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Introduction

Human beings are constantly interacting with their environment, influencing it while
simultaneously being influenced by it. This reciprocal relationship with all living and non-
living components demonstrates that humans are an integral part of the ecosystem.
However, ecosystems are increasingly being affected by human activities such as
economic, social, artistic, and political decisions. These negative impacts have
accelerated particularly since the Industrial Revolution. Humanity has now entered the
Anthropocene, a new geological epoch characterized by the destructive footprint of
human activities on the planet’s natural systems. Despite numerous activities and
projects aimed at mitigating these issues, environmental problems continue to escalate.

In this context, STEM aims to prepare students for the Fourth Industrial Revolution (the
digital age). Yet these approaches often overlook global environmental crises. STEM-
focused education typically fails to sufficiently address the ethical issues related to how
STEM-related products are produced, consumed, and disposed of, and the
environmental harm resulting from these processes. The STEAM approach, which
integrates artistic disciplines into STEM, provides opportunities for learners to develop
interdisciplinary knowledge and skills, strengthen creative thinking, enhance moral
awareness, and cultivate a sense of environmental justice. In doing so, it supports
pedagogical approaches that raise students’ ethical and emotional consciousness and
encourage active engagement in addressing environmental issues (Videla, et al., 2021).
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STEAM education is expected to contribute to preparing human resources capable of
multidimensional thinking to address current global challenges. Contemporary
environmental issues require us to think differently, question more deeply, and take
corrective action. Therefore, science education plays a more crucial role in educational
transformation and societal adaptation than ever before, as the sustainability of our
planet is ultimately at stake. Gilhan (2023) argued that STEAM education is among the
most promising approaches for achieving these goals and provides a holistic and
interdisciplinary perspective on environmental sustainability. This approach emphasizes
that environmental sustainability exists not through linear relationships but within a
complex, interconnected network, one that can only be fully understood and effectively
addressed through interdisciplinary learning and practice.

Building on this perspective, the present study aims to highlight, through STEAM
practices, not merely the visible “product” dimension commonly showcased in STEAM
activities, but rather the process through which individuals develop their own innovative
technologies by integrating mathematical and scientific knowledge with engineering and
artistic thinking, while remaining attentive to environmental systems and the factors
influencing them. In this regard, the EKO-STEAM project is designed to respond to 21st-
century educational demands for biology teachers with fundamental knowledge, current
developments, and examples of classroom/outdoor implementation on various
environmental topics, including ecological systems, waste management, biodiversity,
and environmental ethics. All activities were implemented through hands-on
engagement in which teachers participated actively. The rationale for implementing
STEAM-based instruction with biology teachers is explained below based on relevant
literature and statistical evidence.

A review conducted at the TUBITAK Thesis Center for the years 2018-2023, using the
keywords "STEM activities" and "STEAM activities", revealed that 22 studies focused on
students, four on pre-service teachers, and only one on in-service teachers. Most of
these studies were centered on physics and chemistry, with limited attention paid to the
field of biology. Additionally, the sources of the implemented activities were not specified
in many theses.

According to OECD’s Education at a Glance 2024 data, there has been a remarkable
improvement in the educational attainment of young adults aged 25-34 in Turkiye
between 2019 and 2024. The proportion of young adults with below upper secondary
education decreased from 41% to 28%, whereas the OECD average for the same age
group was 13% in 2024. The rate of upper secondary graduation in Turkiye increased
from 28% to 31%, while the OECD average reached 39% in 2024. At the higher
education level, the proportion of bachelor’'s degree graduates rose from 28% to 30%,
and the proportion of postgraduate degree holders increased from 3% to 4%. In contrast,
the OECD average for total higher education attainment reached 48% in 2024. These
data indicate that although Tirkiye has made meaningful progress in educational
attainment, it remains significantly below the OECD average, particularly in higher
education (OECD, 2024).

Supporting this situation, the 2023 AYT (Field Proficiency Test) results show that the
average score on the 13-item Biology test was 2.08 among 12th-grade students and
1.887 across all candidates (OSYM, 2023). This outcome highlights the low level of
academic achievement in the field of Biology. Moreover, the OECD reports that 67.1%
of young people aged 18-24 in Turkiye are neither in education nor training, making
Turkiye the country with the second-highest rate among OECD member states
(TEDMEM, 2023). Additionally, according to 2020/21 data, the upper secondary
completion rates were 70.5% for males and 76% for females (TUIK, 2023).
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In the context of labor-market requirements, skills such as critical thinking, decision
making, creativity, entrepreneurship, and teamwork have become increasingly important
(World Economic Forum, 2019). The Future of Jobs Report 2025 further states that
technological skills will rise in importance at a faster pace than any others over the next
five years. Artificial intelligence (Al) and big data are identified as the most crucial
competencies, followed by network technologies, cybersecurity, and general
technological literacy. Additionally, skills such as creative thinking, resilience, flexibility,
agility, curiosity, and lifelong learning habits are gaining prominence (World Economic
Forum, 2025).

Considering these findings and statistical indicators, it can be argued that developing
competencies such as scientific literacy, environmental literacy, and health literacy
among young people in Tlrkiye remains challenging. Educational activities play a critical
role in fostering these competencies, and various instructional methods are employed.
The Ministry of National Education also supports skill-oriented learning through its
curriculum renewal initiatives (MEB, 2024). This study aims to contribute to the renewed
curriculum through STEAM activities and teacher training focusing on the theme of
ecology.

Globally and nationally, societies are facing environmental challenges such as climate
change, air pollution, the depletion of water resources, and the loss of biodiversity. For
this reason, the present study addresses ecological citizenship in education, considering
both teachers’ perspectives and the potential impact of the project on students. Tirkiye,
as one of the countries located within the Mediterranean basin, is among the regions at
high risk regarding climate change. The Mediterranean region is prone to decreased
precipitation during winter months. Reports published by the Intergovernmental Panel on
Climate Change [IPCC] highlight several critical parameters, including changes in
precipitation regimes, decreases in snowfall and rainfall, excessive and unsustainable
use of water resources, and the reduction of groundwater levels. Due to growing climate
concerns, it is expected that education will contribute solutions to this global problem.
Educational planning must incorporate universal issues; therefore, the role of education
in addressing climate change has increased significantly (Mochizuki & Bryan, 2015).
Article six of the United Nations Framework Convention on Climate Change [UNFCCC]
emphasizes that countries should raise awareness through education (UNFCCC, 1992).
To prevent climate change from becoming an even more severe global threat, national
and international educational initiatives are essential for raising public awareness (Ay &
Erik, 2020).

One of the topics addressed within the ecology theme in this study is water pollution.
Climate change has adverse effects on freshwater resources and the water cycle,
leading to floods in some regions and severe water scarcity in others (Capar, 2019).
According to the United Nations World Water Development Report (2020), global water
use has increased sixfold over the past century and continues to grow by approximately
1% annually due to population growth. The depletion of freshwater resources constitutes
a major global crisis (Bildiren & Sarginci, 2022). Therefore, the project aimed to enhance
students’ awareness of water-related issues through hands-on activities. Other topics
emphasized within the project include air pollution and biodiversity loss—two significant
ecological problems intensified by ecosystem degradation. According to the Worldwide
Fund for Nature [WWF] Turkiye (2021), while more than 25% of land area in Europe is
designated as protected, only 8.7% of Tlrkiye’s land area holds protected status. For a
sustainable future, this percentage must increase to at least 30% by 2030. These areas
are critically important for the continuity of ecological processes, genetic diversity, and
endangered species (WWF-Turkiye, 2020).
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The instructional practices implemented in the current study were based on the STEAM
teaching approach. The STEAM approach brings artistic practices into STEM fields,
thereby fostering learners’ creativity, innovative thinking, and problem-solving abilities
(Hetland & Winner, 2004; Liao, 2016). It is also a multidimensional educational approach
that fosters employability skills such as collaboration, communication, and adaptability,
thereby contributing to career development and economic advancement (Colucci-Gray
et al., 2017). The primary purpose of STEAM-based educational models is to enhance
the creativity of young learners, enabling them to design products that are both
aesthetically meaningful and functionally effective (Erdodan, 2020). Research indicates
that creativity tends to decline during the transition from primary to secondary school
(Runco & Charles, 1997; Torrance, 1968). The primary reason for this decline is rote-
based learning. In STEAM-based education, curiosity and inquiry play a central role;
thus, integrating art-based activities into STEM instruction is essential for sustaining
creativity. For this reason, the present study utilized art-based activities within the
STEAM framework.

Nature itself is a form of art in which mathematics and science are inherently intertwined.
The hexagonal structure of honeycombs exemplifies the “honeycomb conjecture,”
providing the most efficient use of space and serving as inspiration for technological
design (Hales, 2001). Natural structures such as the wings of birds, the leg structures of
insects, and the tendril curve of climbing plants have inspired technological innovations
ranging from airplanes to robotic systems. Like STEAM, nature is an interdisciplinary and
integrated system.

A review of the literature shows that STEM/STEAM studies conducted on environmental
topics have predominantly been carried out with students and pre-service teachers and
have generally produced positive outcomes (Gottfried, 2015; Kiling, 2018). Gottfried
(2015) demonstrated that STEM education increases students’ inclination to select
mathematics and science courses and enhances their attitudes toward the environment.
Research consistently confirms that STEM activities increase environmental awareness
and interest. Similarly, Kiling (2018) found that project-based environmental education
fosters environmentally friendly behaviors among pre-service science teachers. Yildirim
(2019) revealed that the integration of biomimicry practices into STEM instruction
changes pre-service teachers’ perspectives on nature and technology. In another study,
Cilek (2019) implemented a STEM lesson plan on global warming with 5th-grade
students. Through a prototype developed using Arduino, the influence of CO, on
temperature increase was measured, and STEM instruction was found to have positive
effects on students’ attitudes.

Another study explored the effectiveness of a STEAM-based, space-themed learning
module implemented at the elementary level, involving 180 students in the experimental
group and 94 in the control group. After an eight-week intervention, findings indicated
that gender and academic achievement significantly influenced the module’s
effectiveness; female students demonstrated the greatest increase between pre-test and
post-test scores. In addition, the traditional instructional approach was found to reduce
performance among some high-achieving students (Arpaci, et al., 2023). Similarly, in a
study employing STEM-based instructional design for the topic “Matter Cycles and
Environmental Problems,” students in the experimental group developed products aimed
at reducing environmental pollution (Dalli, 2019).

Videla, et al., (2021) suggested extending the scope of an active-ecological approach
into STEAM learning, particularly when the goal is to understand the deep roots of the
learning process. Sayuda, Kinoshita, and Pennington (2025) showed that after-school
STEAM and citizen science programs promote long-term environmental engagement
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among both students and families. Likewise, Keum and Baek (2025) found that students’
environmental competencies concerning climate change increased. A STEAM-based
environmental education experience conducted with 25 primary school students resulted
in a statistically significant improvement in ecological literacy levels (Ali, Ismail, &
Nurfadila, 2025). Baek (2023) demonstrated that 6th-grade students in South Korea
developed environmental competencies through a STEAM-based plant education
program. Bulut (2024) examined the effects of STEM activities related to environmental
education on middle school students’ attitudes, learning responsibility, and perceptions
of STEM; the findings indicated positive changes in these areas, as well as
enhancements in students’ cognitive structures regarding STEM.

In another study examining how STEM education influences pre-service science
teachers’ understanding of STEM learning, their application of chemical concepts in the
production of bioplastic materials, and their design of environmentally focused STEM
lesson plans, 93% of teachers reported concerns about how to develop an effective
project. The authors emphasized the importance of teacher education programs that
incorporate professional development, content knowledge, pedagogy, practice
opportunities, reflection, and revision within collaborative and supportive environments
(Hasanah, et al., 2022). Ayverdi et al. (2024) found that science teachers hold positive
views toward integrating the STREAM approach with sustainable development goals and
that they require interdisciplinary integration, awareness activities, and project-based
applications in instructional design processes. Green, et al., (2016) reported that pre-
service teachers showed increased environmental citizenship awareness, including self-
efficacy, value awareness, ecological literacy, and civic literacy after participating in a
targeted instructional intervention. Through a critical evaluation of local energy
production systems, these teacher candidates also recognized energy conservation as
a cultural issue with local and global implications and strengthened their commitment to
action-oriented environmental education.

Over the past 15 years, international frameworks such as the United Nations [UN],
UNESCO, and the Incheon Declaration have increasingly promoted education for
sustainability and sustainable development. However, despite numerous student-
centered recommendations, there is limited evidence regarding how these approaches
are addressed within STEAM-based teacher education programs. Ariza and Olatunde-
Aiyedun (2024) conducted a systematic literature review based on 207 studies retrieved
from Scopus, Web of Science, and ERIC, following PRISMA guidelines. Their findings
highlight the absence of courses integrating sustainability and STEAM disciplines in pre-
service teacher programs. They also noted that interventions developed for STEAM
teacher training tend to focus on mathematics and statistics and are often recommended
for teachers in rural areas. In-service teachers were found to struggle with connecting
theoretical concepts to real-world experiences. Instructional strategies used in these
studies included problem-based learning, inquiry-based learning, escape rooms,
robotics, and flipped learning. Their research contributes to the development of pre-
service and in-service teacher education programs aligned with STEAM education and
sustainable development goals, emphasizing the critical role of teachers.

Other studies in the literature also emphasize that long-term STEAM training for teachers
is essential for successful implementation (Herro, et., 2019). The success of STEAM
relies on interdisciplinary collaboration, which is necessary to create integrated curricula
(Kelley & Knowles, 2016). Lin and Tsai (2021) argue that teachers should engage in
practices that help them design activities that foster creative thinking, while Bush and
Cook (2019) note that providing teachers with adequate resources to integrate art and
technology into the classroom enhances student engagement. Additionally, the
integration of STEAM in schools must be supported by educational policies (Herro, et.,
2019).
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The present study is significant in that it enables the STEAM instructional approach to
be experienced at the secondary education level through both in-school (laboratory-
based) and out-of-school activities. Moreover, the practices developed within the scope
of the project have the potential to serve as exemplary models for the education system,
thereby enhancing the originality and value of the study.

Through hands-on training conducted with Biology teachers in both natural settings and
laboratory environments using a STEAM (science, technology, engineering, art, and
mathematics) education approach centered on the theme of ecology, the study aims to:

e Develop Biology teachers’ skills in planning STEAM activities on the theme of
ecology for their lessons,

e Foster ecological citizenship among Biology teachers through STEAM-based
practices,

e Raise awareness of the STEAM instructional approach among Biology teachers
and promote positive attitudes toward art education through STEAM activities
focused on the theme of ecology.

Accordingly, the research problems of the study are as follows:

o What are teachers’ views regarding the STEAM activities implemented within the
scope of the ecology theme?

e How do teachers design instructional plans for teaching ecology topics using the
STEAM approach after completing the project?

e What is the effect of STEAM activities conducted within the ecology theme on
teachers’ ecological citizenship, STEM awareness, and attitudes toward art
education?

Method

This study was designed using the convergent parallel mixed-methods design, one of
the mixed research method patterns. In this design, qualitative and quantitative data are
collected simultaneously and analyzed separately (Creswell & Creswell, 2018). In the
qualitative dimension of the study, an open-ended “Daily Activity Evaluation Form” was
administered at the end of each day of the training to determine biology teachers’ views
regarding the activities conducted and the STEAM practices implemented.

Among qualitative data collection techniques, the focus group interview which is a
method increasingly used in recent years was also employed. A focus group interview is
defined as a planned series of discussions conducted with a selected group of
participants to gather information on a predetermined topic. Participants are not expected
to reach complete agreement, nor is divergence of views a requirement. The aim is to
create a productive discussion environment that yields rich data consisting of varying
perspectives, opinions, evaluations, and experiences related to the topic under
investigation (Bas & Akturan, 2017).

To determine the extent to which participating teachers could design instructional plans
using the STEAM approach in the teaching of ecological concepts, they were asked to
develop lesson plans. In the quantitative dimension of the study, the Ecological
Citizenship Scale, the STEM Awareness Scale for Secondary School Teachers, and the
Art Education Attitude Scale were administered as pre- and post-tests to examine the
effects of the instructional intervention on teachers’ ecological citizenship, STEM
awareness, and attitudes toward art education. The measurement and evaluation
procedures applied in this research are summarized in Figure 1.
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Figure 1.
Measurement and Evaluation Activities Used in the Study
Before Implementation Implementation Process After Implementations
Quantitative Data Sources Qualitative Data Sources
(Pre-Tests) Quantitative Data Sources
l:> ¢ Daily Activity Evaluation (Post-Tests)
* Ecological Citizenship Scale Form « Ecological Citizenship
Scale
* STEM Awareness Scale for * Lesson Plans Developed » * STEM Awareness Scale for
Secondary School Teachers Based on the STEAM Secondary School Teachers
Approach * Art Education Attitude
+ Art Education Attitude Scale Scale

Sample Group

As previously stated, this project was supported by TUBITAK; therefore, the biology
teachers included in the study group were selected from various regions across Turkiye.
The study group was determined using maximum variation sampling, one of the
purposive sampling methods. Maximum variation sampling aims to construct a sample
that reflects the broadest possible range of diversity by identifying key dimensions of
variation and selecting cases that differ from one another to the greatest extent (Suri,
2011).

Within this scope, prior to determining the study group, an online announcement was
published inviting biology teachers to complete an application form. The form included
personal information such as gender, type of school they worked in, province/district of
employment, and postgraduate education status, along with an open-ended question:
“Why do you want to participate in this project?” Responses to the application forms were
reviewed after the application period ended, and attention was given to ensuring an equal
distribution of participants across different regions of the country. However, due to the
high number of female applicants in this field, gender balance could not be fully achieved.

To enhance creativity in the development of STEAM products and to strengthen peer
learning and teacher interaction during group work, attention was also paid to selecting
teachers from different types of schools. As a result, a total of 26 biology teachers
consisting of 5 males and 21 females were participated in the study. Teachers were
coded like T1, T2.

Data Collection Instruments

To determine the biology teachers’ opinions regarding the STEAM activities
implemented on ecological topics, the Daily Activity Evaluation Form, developed by the
researchers, was administered at the end of each day. This form included the following
open-ended questions:

1. Which of today’s activities do you think you can implement in the school where you
teach? Please explain briefly.

2. Which of today’s activities do you think contributed to you the most? Please explain
briefly.

3. Which dimension of the STEAM approach do you think today’s activities supported?

4. In which aspect of teaching ECOLOGY theme do you think today’s activities
contributed to you?

5. Did you experience any activities or situations that you found difficult or less
beneficial? Please specify briefly.
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To determine biology teachers’ ability to develop instructional designs for teaching
ecological topics through the STEAM approach, the lesson plans they prepared at the
end of the project were analyzed using descriptive analysis. Unlike content analysis,
descriptive analysis relies on predefined categories, and the data are analyzed in
accordance with these categories (Yildirm & Simsek, 2013).

To examine the effect of the intervention on teachers’ ecological citizenship, the
Ecological Citizenship Scale, developed by Karatekin and Uysal (2018), was
administered as a pre- and post-test. The scale consists of 24 items on a 5-point Likert
type and is structured under four factors. Exploratory and Confirmatory Factor Analyses
revealed that the items clustered under participation, sustainability, responsibility, and
rights and justice. Cronbach’s alpha internal consistency coefficients for each dimension
and the overall scale were calculated as .87, .76, .75, .64, and .90, respectively
(Karatekin & Uysal, 2018).

To measure the effect of the intervention on teachers’ STEM awareness, the STEM
(FeTeMM) Awareness Scale for Secondary School Teachers, developed by Cevik
(2017), was administered as a pre- and post-test. The scale consists of 15 items on a 5-
point Likert type. The items were found to form three subdimensions: “Impact on
Students,” “Impact on the Course,” and “Impact on the Teacher.” Cronbach’s alpha
coefficients for each subdimension and the full scale were reported as .81, .71, .72, and
.82, respectively.

To examine the effect of the project activities on teachers’ attitudes toward art education,
the Attitude Toward Art Education Scale (Aykanat, 2018) was used. The scale consists
of 23 items on a 5-point Likert type distributed across four factors: Enjoyment of Art and
Contribution of Art Education, Negative Attitudes toward Art, Communication-Enhancing
Role, and Role of Importance. The Cronbach’s alpha coefficients for these factors were
calculated as .94, .95, .89, and .81, respectively (Aykanat, 2018).

All scales and permissions for their applications were obtained.
Implementation of the Study

Within the scope of the project, a total of twenty-six activities were implemented over six
days in both laboratory settings and various out-of-school learning environments,
including the Canakkale Municipality Biological Wastewater Treatment Plant, the
Canakkale Municipality Solar Power Plant, Ayazma Spring located on the foothills of
Mount Ida, the ancient city of Troy, the Troy Museum, the Gallipoli Historical Site Martyrs’
Memorial Area, and the University’s Herbarium.

The activities conducted throughout the project included: What is STEAM?; Developing
a Project-Based STEAM Activity Plan for Biodiversity Conservation in the New Biology
Curriculum; Assessment and Evaluation Methods and Techniques in the STEAM
Instructional Model; Designing an Ecosystem; Global Warming—STEAM; Changes in
Water Quality Along a Stream; Water Ecosystems with STEAM; What Lives in an Aquatic
Ecosystem?; Attention—Do Not Let Them Disappear; Insect Collector: The Naturalist in
Me; Plant Biodiversity of Turkiye; Plant Biodiversity of Turkiye—Herbarium and Field
Study; Innovative Approaches in Biology Classrooms: Teaching Ecology with Web 2.0
Tools; Planning Biology Instruction Using the STEAM Approach; From Nature to
Fashion: Designing My Own Hat; In the Footsteps of Troy: Visualizing the Transformation
of an Ancient City Through Artificial Intelligence; Climate Change and Ancient Cities: The
Case of Troy; Visual Ecology: Visualizing the Effects of Ecosystems on Plant Species
Using NVIDIA Canvas; The Language of Plants; Inquiry-Based Ecology Education
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Enriched with Simulations; Assessment and Evaluation Methods for Use in the STEAM
Approach; Calculating My Water Footprint—Canakkale Municipality Biological
Wastewater Treatment Plant; Renewable Energy: Canakkale Municipality Solar Power
Plant; Collecting Solar Energy for Greenhouses; Biomimicry and STEAM: Protecting
Pelicans; Factors Affecting Plants in the Ecosystem; and The Impact of War on the
Ecosystem: Gallipoli Historical Area.

Since the sample was intended to include teachers working in different types of high
schools across various geographical regions of Turkiye, the activities were diversified
accordingly and planned to ensure that they would be applicable in school contexts,
particularly within STEAM and ecology themes and skill-oriented learning. The
implementation lasted six days, with nine hours of training per day. The sample activities
were placed in article video.

Data Analysis

In the analysis of the data, the teachers’ views on the STEAM activities implemented
within the scope of the project were examined using content analysis of the daily activity
evaluation reports. Through content analysis, similar data are grouped together within
specific concepts and themes and organized in a way that is understandable to the
reader. A descriptive analysis technique was employed to evaluate the lesson plans.
This method interprets data by structuring it around themes established prior to the
analysis. This process involves the following steps: (1) coding the data, (2) identifying
themes, (3) organizing codes and themes, and (4) describing and reporting the findings
(Yildinm & Simsek, 2016). Within this framework, the daily activity evaluation reports
were first grouped separately for each day, read individually by the researchers, and
codes and themes were developed. In the final stage, findings were reported by providing
illustrative quotations under the identified themes.

To investigate teachers’ ability to design instructional activities for teaching ecological
concepts through the STEAM approach, they were asked to prepare a lesson plan
addressing a learning outcome of their choice related to the ecology theme at the 10th-
grade level. A descriptive analysis technique was employed to evaluate the lesson plans.
This method interprets data by structuring it around themes established prior to the
analysis (Yildinm & Simsek, 2016). The themes used in the analysis of the lesson plans
were: “Alignment of Learning Outcome and Instructional Design” and “Alignment of
Instructional Design with the STEAM Approach.” The lesson plans were examined and
interpreted within these thematic categories.

To examine the effect of the STEAM activities implemented within the project on
teachers’ ecological citizenship, STEM awareness, and attitudes toward art education,
the significance of the differences between pre-test and post-test scores was tested. To
determine the appropriate statistical test, the normality of the difference scores was
checked, and the results are presented in Table 1.

Table 1.

Descriptive Statistics of Pre- and Post-Test Difference Scores

Variable Minimum Maximum Mean SD Skewness Skewness Kurtosis Kurtosis
Value Value (X) (s) SE SE

Ecological Citizenship 25 42 121 31 44 A7 46 41 90

Difference Score

STEM Awarences 25 .53 160 4 54 41 46 A7 90

Difference Score

Art Education Atitude 25 .48 109 19 40 18 46 .56 90

Difference Score
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An examination of table 1 shows that the skewness and kurtosis coefficients of the
difference scores fall between —1 and +1, suggesting that the distributions are normal.
Accordingly, since the normality assumption for the difference scores was met, the
paired-samples t-test, one of the parametric tests, was deemed appropriate for the
analysis. A paired-samples t-test allows for the comparison of data collected from the
same sample at two different points in time to determine changes in the same variable
(Livingston, 2014).In this context, the data obtained from the Ecological Citizenship
Scale, the STEM Awareness Scale, and the Attitude Toward Art Education Scale,
administered to teachers before and after the project, were compared.

Ethical Considerations

This research was carried out as part of the TUBITAK-funded project numbered
123B837. Prior to the study, ethical approval was obtained from the Ethics Committee of
Canakkale Onsekiz Mart University (Approval No: E-84026528-050.01.04-2300301751).
In addition, the necessary legal permissions were obtained from the Provincial
Directorates of National Education to which the participants were affiliated and where
the implementation took place. The procedures for determining the sample group were
explained under the “Participant Group” section. Informed consent was obtained from all
participants, and participation in the study was entirely voluntary.

Results
Findings Related to Teachers’ Views on the STEAM Activities

During the research process, teachers were asked to complete a daily activity evaluation
report at the end of each day to assess the activities carried out. Analysis of the
qualitative data revealed that most teachers found most of the activities useful:

T13: “All of them contributed a lot. | have read many articles and attended seminars on
STEAM before, but this is the first time | have felt so close to actual practice. (Day 1
activities)

T25: “They were full, enjoyable, meaningful, and sufficiently beneficial activities that could
easily be used in the classroom.” (Day 1 activities)

T19: “My purpose in coming here was to learn different ecological activities to apply with
my students. | am learning something new every day. Wonderful.” (Day 2 activities)

T18: “The inquiry-based instruction enriched with simulations contributed the most.” (Day
4 activities)

T22: “Seeing the waste treatment and solar energy facilities in our environment
contributed greatly. | was lucky to see them for the first time. | should also bring my
students. Greenhouse-related activity helped in finding solutions to problems. Each
activity was of very high quality.” (Day 5 activities)

Teachers also reported that the activities contributed to teaching ecology-related topics
such as ecosystems, sustainability, protection of natural life, and environmental pollution:

T3: “Factors affecting the ecosystem, matter and energy flow, sustainability.” (Day 1)

T20: “It contributed to the topics of environmental pollution, biodiversity, and
sustainability.” (Day 2)
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T5: “It contributed to topics such as the importance of diversity, environmental pollution,
and disruption of natural balance.” (Day 3)

T19: “Plant systematics, how the environment transforms cities (Troy visit), and using
technology while teaching ecology.” (Day 4)

Furthermore, teachers stated that they could apply most of the activities in their
classrooms:

T6: “I plan to implement the aquarium activity as a project performance task in 9th-grade
biology.” (Day 1)

T12: “I can apply the tower activity in the Support and Movement Unit, and the floating
house and terrarium in the ecology unit. Materials are easy to find, and students’ creativity
will lead to good outcomes.” (Day 1)

T18: “Collecting samples in aquatic ecosystems and measuring changes in water quality
along a stream are applicable. Although outdoor activities may be challenging, they can
be implemented with proper permissions.” (Day 2)

T2: “| can do the clay house, Web 2.0 tools, and artificial intelligence activities with my
students. | previously created a story using Al in my school. All are applicable.” (Day 3)

T5: “I can apply the ‘Collecting Solar Energy for the Greenhouse’ and ‘Effects of
Environmental Factors on Plants’ activities in my school. Both activities allow learning
outcomes to be achieved effectively.” (Day 5)

Only one activity—the “Language of Plants” activity conducted on Day 4—was criticized
by many teachers for not being suitable for secondary school students’ readiness levels,
being too long, and not fully aligned with the STEAM approach:

T22: “The Language of Plants activity was too long and too simple.” (Day 4)

T5: “I think the activity was not appropriate for students’ readiness levels and that its
purpose was lost due to being unnecessarily prolonged.” (Day 4)

T2: “I believe the contribution level of the Language of Plants activity was lower.” (Day 4)

Teachers also stated that the activities exemplified an interdisciplinary perspective by
integrating science, mathematics, technology, art, and engineering in biology teaching:

T12: “Engineering, art, and science.” (Day 1)

T26: “I think it contributed to all areas—mathematics, engineering, art, and technology.”
(Day 1)

T20: “Science, art, engineering, mathematics.” (Day 2)

T18: “It contributed to the dimensions of science, technology, engineering, art, and
mathematics.” (Day 3)

T5: “Effects of environmental factors on plants — Science, technology
Wastewater treatment plant - Science, technology, engineering
Solar greenhouse activity — Engineering, science, technology, art.” (Day 5)
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Teachers also stated that they gained experience in planning ecology teaching based on
the STEAM approach:

T2: “...the planning activities were helpful.” (Day 3)

T26: “I realized once again that plans are more meaningful when put into practice rather
than remaining on paper.” (Day 3)

Considering these findings, it can be concluded that participating teachers gained
knowledge about planning and implementing STEAM-based activities suitable for
classroom use. Except for a single activity, teachers found all activities included in the
project useful and appropriate for teaching ecology topics in secondary school biology
classes. Moreover, most teachers stated that they could implement the majority of the
activities in their own classrooms.

Findings Regarding Teachers’ Development of Instructional Designs for Teaching
Ecology Topics Through the STEAM Approach

During the study, teachers were asked to prepare a lesson plan aligned with a learning
outcome of their choice related to the ecology theme at the 10th-grade level. Eight
participants completed their lesson plans during the implementation process. The eight
completed lesson plans (prepared by T2, T4, T5, T8, T9, T14, T18, and T19) were
analyzed through descriptive analysis under the categories of “Alignment of Learning
Outcome and Instructional Design” and “Alignment of Instructional Design with the
STEAM Approach.”. Examination of the data revealed that several teachers developed
instructional designs that were appropriate for the selected learning outcomes.

Figure 1.
Lesson Plan Prepared by T4
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When Figure 1 is examined, it is seen that T4 designed an instructional plan aligned with
the learning outcome “Collect information about the waste management practices carried
out in one’s local environment.” In this plan, students are first asked to investigate solid
waste management practices in the province and district where their school is located,
followed by a planned visit to a solid waste facility. In the final stage of the plan, students
are tasked with designing their own solid waste treatment plant. As observed, all the
activities designed by T4 contribute directly to achieving the selected learning outcome.

Similarly, T5 developed an instructional plan aligned with the learning outcome “Interpret
the importance of ecological sustainability,” which includes organizing a field trip to the
Mamak Landfill, examining how methane gas released at the site is utilized, and
designing a modern landfill. Although T5’s activities resemble T4’s design and are related
to ecological sustainability, they are more directly connected to waste management. In
this regard, T4’s instructional design is more closely aligned with the targeted learning
outcome.

Figure 2.
Lesson Plan Prepared by T8
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In the lesson plan prepared by T8 (Figure 2), the learning outcome and the activities
appear to be aligned. Students are expected to research concepts related to matter
cycles and collaboratively design a poster on the matter cycles. T9, on the other hand,
designed activities aligned with the learning outcome “Evaluate the measures taken to
protect natural resources and biodiversity and identify additional precautions that could
be implemented.” In this plan, students are required to investigate national measures
taken in TUrkiye regarding natural resource and biodiversity conservation, evaluate these
measures, and propose further actions. Implementing these activities can be considered
supportive of achieving the intended learning outcome.

Aside from these examples, it was observed that T18 designed an instructional plan
without specifying a learning outcome, whereas T2, T14, and T19 wrote their own
learning outcomes. For instance, T14 formulated the learning outcome as “To help



REIDOCREA | ISSN: 2254-5883 | VOLUMEN 14. NUMERO 49. PAGINAS 711-731 | 724

students recognize the components of an ecosystem (abiotic and biotic elements).” As
shown in Figure 3, T2 wrote the learning outcome as: “Students will be able to identify
the components and functioning of an ecosystem; select appropriate organisms and
plants for an aquarium; and present and justify their designs and plans.”

When the instructional activities designed by the teachers were examined in terms of
their alignment with the STEAM approach, it was observed that most of the activities did
not require a connection among the science, mathematics, technology, art, and
engineering disciplines. Except for the virtual aquarium activity included in T14’s plan
and the presentation on endangered species prepared by T9, there was almost no
integration of technology in the activities. In T9’s instructional design, the statement
“Students are also asked to prepare a visual presentation about endangered species”
appears, yet details regarding how the visual presentation should be created are not
provided. However, it can be inferred that preparing a presentation would likely involve
the use of technology.

Similarly, there were other activities in the lesson plans that lacked detailed explanation
and could have been better structured to incorporate interdisciplinary interaction, as
required by the STEAM approach. For example, T4 included the activity of designing a
solid-waste recycling center, while T5 included designing a modern landfill. Although
these activities could inherently require the use of technology, engineering design, and
even artistic design, the details of these steps were not included in the teachers’ plans,
as seen in Figures 1 and 4.

Figure 3.
Lesson Plan Prepared by T2
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Figure 4.
Lesson Plan Prepared by T5
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In addition to these examples, T18 also designed an activity involving the creation of an
ecosystem model; however, the plan did not include details such as how the model
should be constructed, or which materials should be used. Similarly, T2’s aquarium
activity and T8’s poster preparation activity (Figure 2) did not reflect the STEAM
approach in their instructional designs.

Overall, when examining teachers’ development of instructional designs for teaching
ecology through the STEAM approach, it was evident that only a few teachers achieved
alignment between the learning outcomes and the activities they designed. Furthermore,
some teachers wrote their own learning outcomes instead of selecting outcomes from
the ecology component of the curriculum, which may indicate that they were not
sufficiently familiar with the curriculum. Moreover, teachers were generally unable to
integrate the STEAM approach into their instructional designs.

Findings Regarding the Effects on Biology Teachers’ Ecological Citizenship,
STEM Awareness, and Attitudes Toward Art Education

In the research, the Ecological Citizenship Scale, the STEM Awareness Scale, and the
Attitude Toward Art Education Scale were administered to the teachers as pre- and post-
tests. A total of 26 teachers participated in the project; however, due to missing data in
T11’s post-test responses, quantitative analyses were conducted using the data
obtained from 25 teachers. Table 3 presents the paired-samples t-test results for the
difference scores.

Table 2.

Paired-Samples t-Test Results for Difference Scores

Measurement n_ Mean(x) SD(s) df t p
Ecological Citizenship Pre-Test 25 3.56 44 2% 35 00
Ecological Citizenship Post-Test 25 3.87 55 ) '
STEM Awareness Pre-Test 25 3.85 A7 2% 390 00
STEM Awareness Post-Test 25 4.27 39 ) '
Art Education Attitude Pre-Test 25 452 40 2% 236 03

Art Education Attitude Post-Test 25 4.71 34
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As shown in Table 2, a paired-samples t-test was conducted to examine whether the
scores of biology teachers' ecological citizenship differed before and after the
implementation of the project activities. The analysis revealed a statistically significant
difference between the pre-test mean scores (M_pre = 3.56) and post-test mean scores
(M_post = 3.87), favoring the post-test scores [t (24) = —3.52, p < .05]. The effect size
was calculated by dividing the obtained t-value by the square root of the sample size.
Values around 0.50 are interpreted as medium, whereas values of 0.80 or higher indicate
a significant effect (Green & Salkind, 2003). Accordingly, the computed effect size (d =
0.70) suggests that this difference represents an effect slightly above the medium level.

Similarly, teachers' STEM Awareness Scale pre-test scores (M_pre = 3.85) differed
significantly from their post-test scores (M_post = 4.27) [t (24) = -3.90, p < .05]. This
difference favored the post-test scores, and the calculated effect size (d = 0.78) indicates
a large effect.

In addition, a statistically significant difference was found between teachers' pre-test
(M_pre = 4.52) and post-test (M_post = 4.71) scores on the Attitude Toward Art
Education Scale, again in favor of the post-test results [t (24) = —2.36, p < .05]. The effect
size (d = 0.47) reflects a moderate level of impact.

Discussion and Conclusion

The findings of this study indicate that STEAM-based educational practices,
implemented with biology teachers within the theme of ecology, significantly improved
teachers' levels of ecological citizenship, their awareness of the STEM approach, and
their attitudes toward art education. While teachers were observed to adopt a more
holistic perspective on concepts such as environment, sustainability, and
interdisciplinarity after the implementation, it was also identified that they did not
demonstrate sufficient improvement in designing lesson plans aligned with the STEAM
approach. The quantitative results revealed that teachers' STEM awareness increased
significantly. Teachers’ evaluations of the activities as “applicable,” “interdisciplinary,”
and “creative” suggest that hands-on STEAM instruction contributed to the development
of their pedagogical awareness. This finding aligns with previous research emphasizing
that teachers gain professional confidence through active, practice-based learning
experiences (Corlu, et al., 2014; Herro & Quigley, 2016). Therefore, integrating STEAM
activities into teacher education programs is critical, as it offers teachers meaningful
opportunities for experiential learning related to innovative instructional models.

The results also demonstrate that STEAM education fosters not only academic gains but
also social responsibility—oriented awareness among teachers. The significant increase
in ecological citizenship scores from pre-test to post-test indicates that the STEAM
approach serves as an effective tool in environmental education. This outcome is
consistent with earlier studies suggesting that ecology and environmental concepts
become more meaningful and enduring when taught through interdisciplinary methods
(Green, et al., 2016; Gottfried, 2015; Kiling, 2010).

Teachers’ reflections further revealed that they gained substantial knowledge related to
ecological concepts through the activities. Their statements such as “factors affecting
ecosystems, matter and energy flow, sustainability” (T3, Day 1), “environmental
pollution, biodiversity, sustainability” (T20, Day 2), “the importance of diversity,
environmental pollution, ecological balance” (T5, Day 3), and “plant systematics, how the
environment transforms cities, use of technology in teaching ecology” (T19, Day 4)
demonstrate this learning gain. Additionally, teachers expressed their intention to
transfer these experiences to their students through statements such as “l can implement
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the ‘Collect the Sun for the Greenhouse’ activity and the plant—environment interaction
study in my school,” and ‘I plan to conduct the aquarium activity as a performance task
in the 9th-grade biology course.”

In this regard, STEAM education not only enhances teachers’ ecological literacy levels
but also enables them to develop new pedagogical approaches (Videla, et al., 2021).

Another key finding of the present study is the significant quantitative increase in biology
teachers’ awareness of the STEM instructional approach. Teachers' reflective
statements show that they experienced hands-on STEAM practices more extensively
than ever before and evaluated the adaptability of these activities to classroom
instruction positively. This can be inferred from comments such as: “All activities
contributed greatly. Although | have read many articles and attended seminars on
STEAM, this is the first time | have felt this close to actual implementation” (T13, Day 1),
“l believe they contributed to mathematics, engineering, art, and technology altogether”
(T26, Day 1), and “There were contributions in interdisciplinary interaction, collaboration,
art, and engineering” (Day 3). Like these findings, the literature also indicates that applied
STEAM instruction enhances teachers’ lesson-design skills and their professional self-
efficacy (Corlu, et al.,2014; Herro & Quigley, 2016).

Another insight drawn from teachers’ views is the critical importance of active and
practice-based experiences in helping teachers internalize new instructional models.
This is evident in statements such as: “l once again observed that plans yield more
meaningful outcomes when implemented rather than remaining on paper” (T26, Day 3),
and “l can apply the tower activity in the Support and Movement Systems unit, and the
floating house and terrarium activities in the ecology unit. The accessibility of materials
and students’ imagination will lead to creative products” (T12, Day 1). In line with these
results, prior research emphasizes the need for long-term STEAM training for teachers
(Herro, et al., 2019), the importance of designing activities that foster creative thinking
(Lin & Tsai, 2021), and the necessity of STREAM-oriented awareness and
implementation projects (Ayverdi et al., 2024).

During the study, teachers were asked to prepare a lesson plan targeting a learning
outcome of their choice from the ecology theme in the revised 10th-grade Biology
curriculum. Eight participants completed their lesson plans, which were analyzed in
terms of (a) alignment between learning outcomes and instructional design, and (b)
conformity of the instructional design to the STEAM approach. The analysis revealed
that some teachers did not consider the curriculum learning outcomes or designed
activities that were not aligned with the stated outcomes. This finding may be explained
by teachers’ curriculum literacy skills.

Curriculum literacy refers to teachers’ ability to analyze, comprehend, implement, and
critically evaluate a curriculum a key domain of professional competence (Oztiirk, 2019).
This competence involves not only understanding curriculum objectives and content but
also interpreting the philosophical, pedagogical, and sociocultural foundations of the
curriculum (Yiksel, 2021). Bozdogan and Yildirim (2020) found that pre-service teachers
often fail to establish the relationship among objectives, learning outcomes, and
assessment. International research similarly argues that curriculum literacy requires a
critical pedagogical lens that goes beyond simply reading the document and includes
interpreting its cultural and ideological underpinnings (Connelly, et al., 2020). These
findings highlight the need to systematically develop curriculum literacy within teacher
education programs.
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In this context, it can be inferred that biology teachers need to develop a deeper
understanding of the revised curriculum and receive practical training in implementing
new instructional methods. Moreover, several teachers did not sufficiently integrate the
STEAM components—particularly mathematics and technology—into their lesson
designs. These findings parallel with previous studies showing that teachers often
struggle with interdisciplinary integration (Margot & Kettler, 2019). Engineering and
mathematics components tend to be addressed superficially or overlooked in
instructional designs (Stohimann, et al., 2012). Similar patterns were observed in the
current study, where some teachers identified connections to mathematics, art, and
technology but did not elaborate on how these would be incorporated into the activities.
For example, T4 proposed designing a solid-waste recycling center and T5 proposed
designing a modern landfill; however, the instructional steps and disciplinary integrations
of these activities were not articulated.

Such challenges, commonly reported among pre-service and early-career teachers
(Alanazi, 2019; Sahin-Taskin, 2017), were also observed in this study despite the
participants being experienced teachers. This may be attributed to limited familiarity with
STEAM, insufficient design-thinking experience, reliance on ready-made activities, or
limited creativity in lesson planning. These findings further underscore the need to
strengthen teachers’ instructional design skills and highlight the importance of mentoring
or coaching in bridging the gap between planning and implementation (Wilson, 2016).

Finally, the significant improvement in teachers’ attitudes toward art education indicates
that the STEAM approach enhanced their awareness of the educational value of art. This
finding aligns with research suggesting that integrating art with STEM supports aesthetic
sensitivity, imagination, and creativity (Henriksen, 2014; Land, 2013). Most participants
expressed that creative thinking and interdisciplinary integration make instruction more
engaging and meaningful for both teachers and students.

Limitations and Recommendations

The present study is limited to 26 biology teachers (5 male, 21 female) who participated
in a total of 26 activities conducted over six consecutive days. In line with the data
obtained from the study and the researchers’ observations, the following
recommendations are offered for future research:

1. Strengthening the emphasis on STEAM in teacher education programs. Pre-
service teachers should be introduced to interdisciplinary instructional
approaches early in their training. Faculties of education should integrate more
STEAM-oriented course content, and teacher candidates should be provided with
opportunities to engage in hands-on STEAM activities.

2. Implement practice-oriented in-service training programs. Like the current study,
in-service training initiatives should include activities that allow teachers to
engage directly in implementation, combining planning and practice. Such
programs should also incorporate contemporary themes such as ecological
issues, environmental literacy, and sustainability.

3. Enhance the interdisciplinary nature of STEAM activities. Teachers should be
provided with guiding materials and sample activity sets that illustrate how to
integrate engineering, mathematics, and technology components more
holistically. Strengthening these elements will support the creation of instructional
environments aligned with the core aims of STEAM education (Aydin, 2020,
Margot & Kettler, 2019).

4. Emphasize the educational role of art. To prevent the art component from being
used superficially, teachers should receive foundational training in art pedagogy.
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This will help support the development of aesthetic awareness and creative
thinking skills among students (Henriksen, 2014).

5. Strengthen mentoring and feedback mechanisms. Teachers should receive
expert support during instructional design processes. Lesson plans should be
reviewed and enriched in terms of interdisciplinary alignment, material selection,

and assessment criteria (Wilson, 2016).

6. Conduct long-term follow-up studies on classroom implementation. Future
projects should monitor teachers’ classroom practices over extended periods and
examine the impact of STEAM education on student learning outcomes.
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