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Abstract 
 

 
 

 

Oxygen sustains life, yet in elementary education, it is often treated as an abstract 
concept detached from real-world experience. This study examines how 
understanding of oxygen is constructed through tree-planting activities. The 
approach used was a qualitative case study, with data collected through participant 
observation, in-depth interviews, and documentation from October to December 
2023 in SD Negeri Harjowinangun 02 Dempet Demak. The results reveal a multi-
layered transformation. On the cognitive dimension, students transitioned from a 
general understanding to recognising the cause-and-effect relationship between 
trees and oxygen. On the affective dimension, emotional engagement emerged in 
the form of ecological concern and empathy. On the social dimension, collective 
responsibility was fostered through collaborative practices and social control. 
These three dimensions are integrated into a single experience-based learning 
process. These findings confirm that concrete experiences serve as an epistemic 
bridge connecting scientific concepts with living ecological awareness. The novelty 
of this research lies in the development of oxygen-based ecological pedagogy as an 
integrative model that unites experience, reflection, emotion, and social practice. 
This model expands science learning toward contextual practice and strengthens 
sustainable environmental education. 
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INTRODUCTION 

Climate change, environmental degradation, and declining air quality have become global 

issues that cannot be postponed (Cohen et al., 2017; Lelieveld et al., 2015). Reports confirm that 

human activities are accelerating the ecological crisis, with direct consequences for health and the 

sustainability of life (Masson-Delmotte et al., 2021). In this context, oxygen is not merely a chemical 

element, but the existential foundation of human life. However, a paradox arises in elementary 

education. Oxygen is taught as a cognitive concept detached from its ecological reality. Yet, 

education plays a strategic role in fostering environmental awareness from an early age (Ardoin & 

Bowers, 2020; Stevenson et al., 2020). Global pressure for sustainable education is growing stronger, 

particularly since the launch of the Education for Sustainable Development agenda (Adipat & 

Chotikapanich, 2022; Shulla et al., 2020). At this juncture, elementary schools serve as the initial 

setting for shaping the relationship between humans and the environment. 

Several recent studies have examined environmental education from various perspectives. 

A study by Carfora et al. (2017) highlights the importance of emotional connections with nature in 

shaping pro-environmental behaviour. Van der Linden (2019)  emphasises that direct experiences in 

nature contribute to the formation of sustainability values. Meanwhile, Komonkanjanakul & 

Supapongpichate (2022) and Schneller et al. (2022) examine the outcomes of environmental 

education within the framework of community-based learning. Talebpour et al. (2020), Sharma-

Brymer et al. (2018) and Fyfe-Johnson et al. (2021) expanded the discourse by positioning nature 

connection as part of early childhood development. 

On the other hand, research by Stevenson et al. (2020) indicates that the integration of 

environmental education into the formal curriculum remains fragmented. Generally, these studies 

focus on ecological awareness, nature connectedness, and environmental behaviour. Yet, they 

remain limited in their ability to link specific scientific concepts, such as oxygen, to concrete learning 

experiences. Existing studies predominantly examine environmental awareness and nature 

connectedness, while paying limited attention to the epistemic transformation of abstract scientific 

concepts through lived experience. 

Theoretically, experience-based learning is rooted in the experiential learning theory 

developed by Kolb (2012; 1984), which emphasises a cycle of concrete experience, reflection, 

conceptualisation, and active experimentation. In the context of environmental education, this 

theory is reinforced by the concept of ecological literacy, which views humans as part of the web of 
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life (Clavin, 2014; Pitman et al., 2018; Sigit et al., 2023). Furthermore, Wilson's biophilia theory asserts 

an inherent human tendency to connect with nature (Barbiero, 2023; Kaplan & Kaplan, 1989; Wilson, 

1984). However, the application of these theories in the context of elementary education often 

remains at the conceptual level. The integration of specific scientific concepts, direct experiences, 

and the formation of values has yet to be systematically established. 

However, there is a significant gap in the existing literature. Empirical studies that explicitly 

examine how elementary school students construct their understanding of oxygen through direct 

ecological engagement remain limited. Little is known about how abstract scientific concepts, such 

as oxygen, can be internalised through experiential environmental practices such as tree planting. 

Previous research has not sufficiently addressed the integration of science literacy and ecological 

practices within the context of elementary education. Furthermore, most studies remain dominated 

by quantitative approaches that emphasise the measurement of attitudes, without delving deeply 

into the processes of meaning-making. Local contexts, particularly elementary schools in Indonesia 

with their distinctive social and cultural characteristics, have also rarely been empirically explored. 

Therefore, this study is important to fill this gap. 

This study aims to examine how elementary school students’ understanding of oxygen is 

developed through the experience of planting trees. Specifically, this study addresses the following 

questions: (1) how students interpret oxygen before and after the tree-planting activity; (2) how this 

experiential process shapes cognitive, affective, and social dimensions; and (3) how this practice 

contributes to environmental awareness. This study employs a qualitative case study design 

conducted at SD Negeri Harjowinangun 02, Dempet, Demak. Theoretically, this study contributes 

to the development of the concept of “oxygen-based ecological pedagogy” as an integrative 

approach. In practice, this study offers a model of context-based, environment-centred learning. 

Socially, this study promotes the development of a more ecologically conscious generation. 

 

METHOD 

This study employs a qualitative case study design (Creswell & Creswell, 2022; de Vries, 

2020). This design was chosen because it allows the researcher to gain an in-depth understanding of 

the process of constructing meaning regarding oxygen within the context of students’ real-life 

experiences. Case studies provide space to capture the dynamics of interaction among knowledge, 

experience, and values in specific, contextual situations (Creswell & Poth, 2017; Yin, 2014). This 
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approach aligns with the research objective, which is not oriented toward statistical generalisation 

but toward depth of understanding and richness of meaning. 

The research was conducted at Harjowinangun 02 Public Elementary School, Dempet 

Subdistrict, Demak Regency, Central Java. This school is located in a semi-rural setting with a 

community that still maintains close ties to agricultural activities. The selection of the location was 

based on the contextual relevance between environmental issues and the students’ daily lives. 

Additionally, the school is active in environment-based activities, thereby providing an adequate 

empirical space to examine the integration of oxygen education through tree-planting practices. 

The study participants consisted of 35 fourth- and fifth-grade students and 3 supervising 

teachers. Participants were selected using purposive sampling based on the following criteria: (1) 

students directly involved in tree-planting activities, (2) teachers supervising the activities, and (3) 

willingness to participate in the study. The students were aged 9–11 years, which, in terms of 

cognitive development, corresponds to the concrete operational stage (Piaget, 1972). Primary data 

were derived from students’ experiences, while supplementary data were obtained from teachers 

and activity documentation. 

Data were collected from October to December 2023 using three primary techniques: 

participant observation, in-depth interviews, and documentation (Bowen, 2009; Knott et al., 2022; 

Ponticell et al., 2018). Participant observation involved the researcher’s direct engagement in the 

tree-planting activities. The researcher recorded students’ interactions, expressions, and behaviours 

throughout the process. Semi-structured interviews were conducted with students and teachers to 

explore their understanding, experiences, and reflections. Sample questions included: “Where does 

oxygen come from?” and “How did you feel after planting a tree?” Documentation in the form of 

activity photos, field notes, and school records was used to strengthen the data's validity. 

Data analysis was conducted using thematic analysis. The analysis process followed these 

steps: (1) initial coding to identify units of meaning, (2) categorisation to group similar themes, and 

(3) interpretation to construct a conceptual narrative (Braun & Clarke, 2006, 2019). The analysis was 

conducted iteratively by comparing data across sources. This process enabled the emergence of key 

themes, including cognitive understanding, affective engagement, and social awareness 
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FINDINGS AND DISCUSSION 

Findings 

The Transformation of Understanding Oxygen: From Abstract Concept to Real-Life Experience 

The first finding indicates a fundamental shift in how students understand oxygen. Before 

the activity, oxygen was perceived as something invisible and associated only with breathing. After 

the tree-planting activity, this understanding expanded. Students began to associate oxygen with 

trees as its primary source. Cause-and-effect relationships began to take shape more concretely. 

Table 1. Transformation of Oxygen Understanding 

Data Source Quote / Finding Frequency Interpretation 
Student 1 “Oxygen comes from trees; without 

trees, we would have difficulty 
breathing.” 

High Cause-and-effect relationship 
begins to be understood 

Student 2 “I used to think oxygen was just 
ordinary air.” 

Medium Shift from general to specific 
understanding 

Teacher 1 “Students are starting to connect 
trees with their lives.” 

High Concept internalization 

Observation Students mention the function of 
trees during activities 

High Contextual understanding 

Documentation Students’ reflective notes about trees Medium Written cognitive evidence 

Source: Thematic analysis data by the researcher 

Table 1 illustrates a reconstruction of the meaning of oxygen, shifting from a superficial 

understanding toward a relational one. In the initial phase, oxygen was perceived as “ordinary air,” 

with no clear source. However, after the tree-planting experience, students began to construct 

concrete cause-and-effect relationships. The statement “oxygen comes from trees” marks the 

emergence of an ecological awareness that is no longer abstract. Findings from teachers and 

observations reinforce that this process does not occur in isolation but spreads through classroom 

interactions. Students do not merely repeat information but begin to associate trees with the 

continuity of life. This indicates a shift from surface understanding toward deep contextual 

understanding. 

Furthermore, the presence of documentation in the form of reflective notes demonstrates that 

this transformation does not stop at the verbal level but has entered into a more stable cognitive 

structure. The high frequency of findings in the high category indicates that this change is collective 

rather than individual. Thus, the experience of planting trees serves as an epistemic bridge 

connecting scientific concepts with the students’ lived reality. Oxygen is no longer understood as a 

subject matter, but as part of the life system they experience firsthand. 
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Affective Engagement: The Development of a Sense of Care and Ownership 

The second finding reveals the affective dimension that develops during the learning 

process. The tree-planting activity fosters a sense of ownership and care for the environment. 

Students demonstrated an emotional attachment to the trees they planted. 

Table 2. Affective Dimension in Learning 

Data Source Quote / Finding Frequency Interpretation 
Student 3 “I want the tree to grow quickly so 

it can produce oxygen.” 
High Hope and emotional 

attachment 
Student 4 “If the tree dies, I feel sad.” High Ecological empathy 
Teacher 2 “They have become more attentive 

to the plants.” 
Medium Attitudinal change 

Observation Students water the plants without 
being asked 

High Spontaneous initiative 

Documentation Photos of students caring for the 
plants 

High Behavioral consistency 

Source: Thematic analysis data by researcher 

 

Table 2 shows that learning does not stop at the cognitive level but extends strongly into the 

affective dimension. The students’ expressions of hope that the trees would grow quickly indicate 

an emotional attachment that is beginning to form. Oxygen is no longer understood as a concept, 

but as something “expected to be present” through the trees they care for. Expressions of sadness 

when a tree dies mark the emergence of ecological empathy—an emotional response that connects 

human life with the sustainability of nature. In this context, trees are no longer positioned as objects, 

but as entities that hold value for their lives. 

Findings from observation and documentation reinforce that this affection manifests in 

concrete actions. Students watered the plants without instruction, demonstrating internal initiative 

rather than mere compliance. Teachers also confirmed a shift in attitude, albeit of moderate intensity. 

The consistency of behaviour documented in the records confirms that emotional engagement has 

transformed into a recurring practice. Thus, the affective dimension in this learning process serves 

as the primary driver, bridging knowledge to action while simultaneously laying the foundation for 

sustainable ecological behaviour. 

Social Awareness: Collective Responsibility for the Environment 

The third finding indicates that learning does not stop at the individual level but extends to 

the social sphere. Students are beginning to demonstrate a collective awareness of the need to protect 

the environment. 
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Table 3. Social Dimension and Collectivity 

Data Source Quote / Finding Frequency Interpretation 
Student 5 “We have to take care of the trees 

together.” 
High Collective awareness 

Student 6 “If someone damages it, they should 
be reminded.” 

Medium Social control 

Teacher 3 “They have started reminding each 
other.” 

High Social dynamics 
emerging 

Observation Group discussions while caring for 
the plants 

High Collaboration 

Documentation Group activities in maintaining the 
trees 

High Evidence of 
collectivity 

Source: Thematic analysis data by researcher 

Table 3 confirms that learning extends beyond the individual sphere and moves toward a 

broader social construct. Students’ statements about taking care of the tree “together” indicate the 

emergence of a collective consciousness, in which responsibility is no longer a personal matter but 

a shared commitment. The emergence of a drive to remind one another when someone causes 

damage signals the formation of social control mechanisms. Findings from the teacher reinforce that 

this dynamic is not merely theoretical but is already present in students' real-world interactions. 

Thus, the experience of planting trees has sparked the formation of new social norms oriented 

toward environmental care. 

Observational and documentary data show that this collectivity manifests in collaborative 

practices. Group discussions during plant care reveal coordination, role division, and lively 

communication. Joint activities documented in the records affirm the consistency of this collective 

behaviour. The high frequency of dominant findings indicates that this phenomenon is widespread 

rather than incidental. Thus, the social dimension in this learning process functions as a reinforcing 

factor that sustains ecological behaviour, as the values formed are not only internalised individually 

but also maintained through social interaction. 

This study confirms that experience-based oxygen education offers an integrative learning 

model. It not only connects scientific concepts with practice but also unites cognitive, affective, and 

social dimensions into a single, holistic learning process. It expands the discourse on environmental 

education by placing oxygen at the centre of the pedagogical narrative. These findings open up a 

broader space for reflection on how experience shapes knowledge and values. The following section 

will discuss these findings within the framework of existing theories and previous research, and 

examine their implications for the development of environmental education in elementary schools. 
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Discussion 

The findings of this study confirm the existence of a multi-layered transformation in 

students: from an initially superficial cognitive understanding, through affective engagement, and 

culminating in the development of social responsibility. This shift does not occur linearly but 

through concrete experiences that connect the concept of oxygen with the practice of planting trees. 

Thus, oxygen is no longer present as declarative knowledge but as a reality that is experienced and 

interpreted. The three dimensions—cognitive, affective, and social—operate simultaneously and 

reinforce one another, forming a unified and holistic learning process. 

Theoretically, these findings can be explained through the experiential learning framework, 

which positions experience as the foundation of knowledge formation (A. Y. Kolb & Kolb, 2012; D. 

Kolb, 1984). The cycle of concrete experience, reflection, conceptualisation, and active 

experimentation is clearly evident in students' processes. However, these findings go beyond this 

framework by demonstrating that ecological experiences not only generate knowledge but also 

build emotions and social relationships. From an ecological literacy perspective, this learning 

connects students to living systems in a more holistic way (Clavin, 2014; Pitman et al., 2018; Sigit et 

al., 2023). Meanwhile, the concept of biophilia explains why an emotional attachment to trees arises 

naturally (Barbiero, 2023; Kaplan & Kaplan, 1989; Wilson, 1984). Thus, ecological experience-based 

learning expands the horizons of learning theory by incorporating affective and social dimensions 

as integral parts 

Compared to previous research, these findings demonstrate both continuity and 

differentiation. The studies by by Carfora et al. (2017) emphasise the importance of emotional 

connections with nature, which aligns with findings regarding students’ affective engagement. Van 

der Linden (2019)  also confirms that direct experiences contribute to the formation of sustainability 

values. However, this study makes a further contribution by linking a specific scientific concept—

oxygen—to such experiences. de Moura et al. (2018), Calixto-Flores (2020), Sukma et al. (2020), and 

Stevenson et al. (2020) highlight the importance of environmental education in shaping awareness, 

but have not explicitly examined how abstract concepts are internalised through concrete practices. 

Thus, this study bridges the gap between scientific literacy and ecological practices. 

The primary novelty of this study lies in the construction of the concept “oxygen-based 

ecological pedagogy.” This concept places oxygen at the centre of the learning narrative, linking it 

to the experience of planting trees. Epistemologically, this concept consists of four layers: (1) concrete 
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experience as the basis of knowledge, (2) reflection as a process of internalisation, (3) Emotional: 

caring for the environment, and (4) social practice as a form of actualisation. This model can be 

described as follows: 

 

 
Figure 1. Oxygen-based ecological pedagogy 

This model (Figure 1) illustrates that knowledge does not exist in isolation but grows through 

experience and relationships. The first stage, Concrete Experience (Planting a Tree), marks the 

starting point of learning grounded in direct experience. Students do not merely receive information; 

they are physically engaged in planting a tree. The feel of the soil, the planting process, and 

interaction with the environment present a concrete reality that serves as the foundation of 

knowledge. In this phase, the concept of oxygen has not yet been explained theoretically, but is being 

“planted” through sensory experience. This framework aligns with David Kolb’s theory of 

experiential learning, which asserts that effective learning begins with concrete experience as the 

basis for knowledge construction. Thus, action serves as the epistemological entry point before 

concepts are formed abstractly. 

The second stage, Reflective Meaning (Understanding Oxygen), demonstrates the process of 

internalising meaning through reflection. Following concrete experiences, students begin to 

associate the activity of planting trees with its ecological function, specifically as a source of oxygen. 

The thought process shifts from “what is being done” to “what it means.” Oxygen is no longer 

understood as invisible air, but as the result of the life of the trees they plant. This stage can be 

explained through constructivist learning theory, pioneered by Jean Piaget, in which knowledge is 

constructed through processes of assimilation and accommodation based on experience. Reflection 

becomes a key mechanism in transforming experience into a more stable cognitive structure. 

The third stage, Emotional Bonding (Caring for the Environment), demonstrates the 

emergence of an emotional bond between students and the environment. Trees, which were 
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previously merely objects, now become part of an affective relationship. A sense of care, a desire to 

nurture, and even empathy when plants are threatened, emerge naturally. This dimension is 

reinforced by Edward O. Wilson’s biophilia theory, which states that humans have an inherent 

tendency to connect with living beings and nature. In this context, emotions are not merely a 

response but become the energy that binds knowledge with action, thereby giving learning a deeper 

meaning. 

The fourth stage, Social Practice (Collective Responsibility), marks the culmination of the 

learning process as it extends into the social realm. Concern is no longer individual in nature but 

evolves into collective responsibility. Students begin to collaborate, remind one another, and 

establish shared norms in caring for the environment. This phenomenon can be explained through 

Albert Bandura’s social learning theory, which emphasises that behaviour is shaped through social 

interaction, observation, and imitation. Additionally, Émile Durkheim’s concept of collective 

consciousness explains how shared values are formed and maintained within a group. At this stage, 

learning has transformed into a sustainable social practice, where oxygen is no longer merely a 

scientific concept but has become a collective value embodied in shared actions. 

The theoretical implication of this study is the need to redefine science education in 

elementary schools. Science should not merely be taught as a collection of concepts, but must be 

brought to life through meaningful experiences. Practically, this study offers an environment-based 

learning model that can be integrated into the curriculum. Teachers can utilise simple activities, such 

as planting trees, to teach complex concepts in context. Socially, this study contributes to developing 

a generation that is more ecologically aware and environmentally responsible. 

However, this study has limitations. The scope, limited to a single school, restricts the 

generalizability of the findings. Additionally, the relatively short duration of the study has not yet 

allowed for observation of long-term impacts. Future research needs to examine the sustainability 

of these learning effects over a longer period and test this model in different contexts. A mixed-

methods approach could also be used to measure changes more quantitatively. 

Thus, learning about oxygen through the experience of planting trees opens up new 

perspectives in environmental education. It does not merely teach; it brings things to life. At this 

point, education rediscovers its most fundamental meaning: shaping individuals who understand, 

feel, and take responsibility for life. 
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CONCLUSION 

This study underscores one fundamental point: oxygen should not be taught merely as a 

concept but presented as a lived experience. Through the practice of planting trees, a holistic 

transformation of meaning occurs within students. Oxygen is no longer understood as an abstract 

“air,” but rather as the result of concrete ecological relationships. Here lies the primary novelty of 

this study: the construction of “oxygen-based ecological pedagogy” as a learning model that 

simultaneously integrates cognitive, affective, and social dimensions. The findings indicate that 

direct experience can shift declarative knowledge into relational understanding, foster emotional 

attachment to the environment, and shape collective responsibility. Thus, learning produces not 

only students who know, but also those who care and take action. 

The implications of this study are multidimensional. Theoretically, this study extends the 

experiential learning framework by incorporating an ecological dimension as a space for the 

actualisation of knowledge. Practically, this study offers a contextual learning model that can be 

integrated into elementary education, particularly in science instruction and environmental 

education. Socially, this study contributes to the development of ecological awareness from an early 

age as a foundation for sustainability. However, this study has limitations due to its narrow scope 

and relatively short duration, and it has not yet captured long-term impacts. Therefore, future 

research needs to test this model in a broader context, using longitudinal or mixed-methods 

approaches, and to explore the integration of other scientific concepts within an experience-based 

pedagogical framework. Thus, this study not only adds to existing knowledge but also opens new 

directions in educational practice that are more vibrant and meaningful. 
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