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Abstract

Elementary school students frequently struggle to apply causal and scientific reasoning to environmental
phenomena, yet elementary science education has not sufficiently integrated evidence-based thinking and
contextual learning to address this challenge. However, science instruction at the elementary level remains
predominantly focused on memorization-oriented learning, limiting students’ opportunities to develop
scientific thinking through authentic investigation activities. This study investigated the development of
scientific reasoning and causal reasoning among fifth-grade students through biodiversity learning based on
environmental exploration at SD Negeri Tibayan 2, Jatinom, Klaten. The study approach using phenomenological
case study design. On this rearch using participans 20 students in five-grade elementary. Data were collected
through participatory observation, semi-structured interviews, documentation, and analysis of students’
worksheets and visual representations during environmental exploration activities. The findings revealed that
direct environmental exploration supported students’ students’ abilities to identify biodiversity phenomena,
construct simple causal relationships, and develop evidence-based scientific explanations derived from
empirical observations. Furthermore, exploration activities development the students’ observational skills,
ecological awareness, and contextual understanding of environmental relationships. Nevertheless, students’
reasoning patterns remained largely concrete and descriptive, indicating the need for sustained inquiry-based
learning to support the development of higher-order scientific reasoning. These findings demonstrate that
environmental exploration-based biodiversity learning provides a meaningful pedagogical approach for
strengthening scientific reasoning in elementary science education.

Keywords Biodiversity learning, Causal reasoning, Environmental exploration, Elementary science education,
Scientific reasoning

INTRODUCTION

Twenty-first-century science education emphasizes the development of scientific
reasoning as a fundamental competency (Osborne, 2025) that should be introduced at
the elementary school level because it supports students' critical thinking, problem-
solving abilities, and evidence-based decision-making skills (Bodas & AKelemen, 2026).
Scientific reasoning refers not only to students' understanding of scientific concepts but
also to their ability to analyze evidence, identify causal relationships, formulate scientific
explanations, and draw conclusions based on empirical observations (Shavlik & Koksal,
2022). In elementary science learning, these competencies are essential because they
enable students to understand natural phenomena systematically and critically.

The importance of scientific reasoning development, research focusing
specifically on the development of scientific reasoning and causal reasoning among
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elementary school students, particularly in biodiversity learning contexts (Yatin, Sapuadi,
&Yuliarti, 2025). Most previous studies have focused primarily on cognitive learning
outcomes rather than examining students' scientific thinking processes during learning
activities (Osborne & Patterson, 2011). Furthermore, in many elementary school
classrooms, science learning remains predominantly characterized by memorization-
oriented instruction and teacher-centered approaches that limit students' opportunities
to engage in investigative learning experiences (Brian ]. Reiser, Leema K. Berland, 2020).
Students are frequently required to memorize scientific concepts without opportunities
to investigate environmental phenomena directly or connect scientific concepts with real
environmental situations in their surroundings (Zhang & Yan, 2022). Consequently,
students often develop superficial understanding of biodiversity concepts without being
able to explain ecological relationships scientifically or construct scientific explanations
based on empirical evidence (Simon et al., 2020).

One important context for developing scientific reasoning in elementary science
education is biodiversity learning. Biodiversity topics are closely related to students’
daily experiences because students interact directly with plants, animals, and
environmental conditions within their surroundings (Simon et al., 2020). This contextual
connection provides opportunities for students to engage in authentic observation and
inquiry activities that support conceptual understanding through direct experiences.
Biodiversity learning also enables students to understand ecological relationships,
interactions among living organisms, and the effects of environmental changes on
ecosystem sustainability (Andersson & Johansson, 2024). Through direct engagement
with environmental phenomena, students can develop scientific understanding based on
observable evidence rather than abstract explanations alone (Forbes, & Biggers, 2020).
Exploration-based learning activities encourage students to observe environmental
conditions directly and connect empirical findings with scientific concepts.

An important component of scientific reasoning is causal reasoning, which refers
to the ability to understand relationships between causes and effects within natural
phenomena (Schluer, 2024). Causal reasoning is fundamental in science learning because
scientific understanding is constructed through explanations regarding why phenomena
occur and how environmental factors influence ecological systems ( Morris & Sun, 2026).
In biodiversity learning contexts, causal reasoning helps students understand how
environmental destruction contributes to habitat loss, how pollution affects ecosystems,
and how human activities influence ecological balance (Lederman & Zeidler,
2023).Through causal reasoning, students begin to recognize the interconnected
relationships between organisms and environmental conditions (Gochyyev, 2023)

Studies on children's cognitive development indicate that elementary school
students develop causal understanding more effectively when they participate in direct
observation and authentic environmental exploration activities (Rahayuningtyas, 2026).
Experiential learning activities allow students to construct scientific understanding
through empirical experiences and environmental interactions. Contextual learning
environments enable students to connect scientific ideas with observable environmental
phenomena, thereby supporting deeper conceptual understanding ( Schneider, 2022).
Previous studies have shown that environment-based learning increases students'
engagement in science learning and supports more concrete understanding of ecological
relationships because students interact directly with natural phenomena (Walker &
Nouri, 2025). Environmental exploration activities also encourage students to participate
actively in scientific investigations, which contributes to the development of inquiry
skills, scientific curiosity, and evidence-based reasoning abilities.
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Given the research gap identified above specifically the lack of studies examining
elementary school students' scientific reasoning and causal reasoning in biodiversity
learning contexts, particularly in rural educational settings this study aims to investigate
students' scientific reasoning skills through outdoor biodiversity learning activities.
Specifically, this study seeks to answer the following research about 3 question, and the
consist of : 1) To what extent can elementary school students demonstrate scientific
reasoning skills, including using observational findings as evidence, explaining cause-
and-effect relationships, drawing conclusions based on observations, and constructing
scientific explanations, through outdoor biodiversity learning activities?; 2) What is the
level of students' understanding (Good, Fair, Developing, or Poor) for each scientific
reasoning indicator based on their performance in outdoor biodiversity learning?; and
3)How do students explain cause-and-effect relationships when observing
environmental phenomena such as wilted plants, numerous insects in grassy areas, and
dry soil in open, unshaded areas?

Based on these issues, the research question of this study is: How do fifth-grade
students at SD Negeri Tibayan 2 construct scientific reasoning and causal reasoning
through biodiversity learning based on environmental exploration?. The aim of this study
is to analyze how students develop scientific reasoning and causal understanding
through direct observation and interaction with biodiversity phenomena in their natural
school environment. This study is expected to contribute to the development of scientific
reasoning research in elementary education and provide practical guidance for designing
contextual, inquiry-based biodiversity learning that enhances students’ scientific
thinking skills.

LITERATUR REVIEW

1. Scientific Reasoning

Scientific reasoning refers to the cognitive ability used to construct scientific
understanding through the analysis of evidence, evaluation of data, and formulation of
logical conclusions based on empirical observations (Nouri & Saberi, 2024: Gijse, 2025).
In science education, scientific reasoning is essential because it enables students to
develop analytical and reflective thinking skills through inquiry and investigation
processes rather than relying solely on conceptual memorization (Miriam ]. Rhode,
Martine A. R. Gijse, 2025). Scientific reasoning develops through active interaction
between learners’ experiences and their cognitive structures (Rui Guo, Nirat Jantharaji &
Thongpanit, 2025), allowing students to build knowledge through direct engagement
with scientific phenomena (Jimenez2024) Scientific reasoning includes several
interconnected competencies, such as evidence-based thinking, data interpretation,
inferential reasoning, and scientific conclusion-making (Ha, H., Park, W., & Song, 2023).
At the elementary school level, these abilities are generally strengthened through
concrete learning experiences involving direct observation and environmental
exploration because children at this stage learn more effectively through authentic and
observable phenomena (Piaget, 1972). In addition, the development of scientific
reasoning contributes significantly to students’ scientific literacy and their ability to
critically interpret scientific issues in broader social and environmental contexts (OECD,
2025).

2. Causal Reasoning

Goddu & Gopnik (2024), said Causal reasoning refers to the ability to understand
relationships between causes and consequences within particular events or phenomena
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(Goddu & Gopnik, 2024),science learning, causal reasoning is important because
scientific knowledge is fundamentally constructed through explanations of how and why
phenomena occur within natural systems (Depin et al., 2024). The development of causal
reasoning among elementary school students is strongly influenced by direct experiences
and contextual interactions with real environmental conditions (Sloman, S. A., Barbey, A,
& Patterson, 2021). Research indicates that children develop stronger causal
understanding when they are involved in experiential learning activities that allow them
to directly observe environmental phenomena rather than receiving abstract verbal
explanations. Within science education, causal reasoning supports students in
understanding ecological relationships, environmental changes, and the impacts of
human activities on ecosystems. Furthermore, students with strong causal reasoning
abilities tend to construct more coherent scientific explanations because they can connect
empirical evidence with logical causal relationships.

3. Biodiversity Learning and the Development of Scientific Reasoning

Biodiversity learning provides a contextual learning environment that enables students
to develop scientific understanding through direct interaction with natural surroundings
(Kathryn E. Schertz, 2023). In elementary science education, biodiversity instruction not
only introduces students to living organisms but also helps them understand ecological
relationships and environmental interdependence within ecosystems. Through
environmental exploration activities, students are encouraged to observe, classify, and
interpret environmental phenomena scientifically. Environment-based biodiversity
learning also strengthens students’ observational and analytical thinking skills because
students actively engage in collecting empirical information from authentic
environmental contexts. Activities such as observing plants, identifying insects, and
examining environmental conditions support the development of scientific reasoning by
allowing students to connect observations with scientific explanations (Erna Roostin, et
al, 2026;Shopiah, 2025)). Therefore, biodiversity learning based on environmental
exploration can function as an effective pedagogical approach for developing both
scientific reasoning and causal reasoning among elementary school students.
Environmental exploration-based learning emphasizes direct interaction between
students and natural environments. This approach improves students’ observational
skills, scientific engagement, and conceptual understanding (Jaber, L., & Hammer, 2023).

RESEARCH METHOD

This study employed a qualitative approach using a phenomenological case study design
to explore the construction of scientific reasoning and causal reasoning among fifth grade
(V) students in biodiversity learning based on environmental exploration at SD Negeri
Tibayan 2, Jatinom District, Klaten Regency. The qualitative approach was selected
because the study focused on obtaining an in-depth understanding of students’ scientific
thinking processes through contextual learning experiences during environmental
exploration activities (Creswell, 2009). The case study design was employed to
investigate the learning phenomenon comprehensively within the natural context of a
rural elementary school environment that possesses biodiversity potential as a
contextual science learning resource. while the phenomenological approach was used to
understand students’ subjective experiences in constructing scientific reasoning and
causal relationships through direct interaction with the school environment. The
research participants consisted of fifth-grade (V) students selected through a purposive
sampling with 20 partipans (12 boys and 8 girls). The study was conducted over 4 (four)
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weeks, each lasting seasons a 60 minutes once per week. Data were collected through
participant observation, semi-structured interviews, documentation, and analysis of
students’ worksheets. Data analysis employed the interactive model of Miles, Huberman,
and Saldafia (2014), which included data reduction, data display, and conclusion drawing.
The results are then presented in narrative form articulated within tables, where each
table summarizes emerging themes, categories, and representative quotes from
participants (Miles & Huberman, 2014). The following rubric was developed to assess
and categorize students' ability to identify biodiversity phenomena. The rubric consists
of four indicators and four levels of understanding (Good, Fair, Developing, Poor). The
complete rubric is presented in Table 1, below.

Table 1. Rubric for Assessing Students' Ability to Identify Biodiversity Phenomena

Indicator Good (5 poin) (4F;(1)I;n) Deve;gg)rglg (3 Poor (<1%)
Identifying plant Cannot
species in the school Identifies =5 Identifies 3-4 Identifies 1-2 identify any
environmen plant species plant species  plant species  plant

species
1dent1.fy1ng . living Finds 24 types Finds 2-3 Finds 1typeof Finds no
organisms in the . types of : .
) of organisms . organism organisms
school field area organisms
Relating organisms Complete Simple
to their habitats explanation pie Incorrect or Cannot
. explanation o1 .
(organism  + (organism -+ illogical explain any
habitat + i relationship relationship
reason) habitat only)
Explaining Logical and
env1r.o.r1mental : completg Effect  only Yague, Cannot
conditions affecting explanation . limited, or .

. )1 " (without : explain any
organisms’ lives (condition  + . incorrect

mechanism) . effect
effect + explanation
mechanism)

To calculate the percentage of students who demonstrated competence for each indicator,
the rubric described above was applied, and the following formula was used:

_ Number of students classified as Good + Number of students classified as Fair)

(V) )
% Total number of students (N) x 100%
Table 2. Rubric Students’ Causal Reasoning Patterns
Observed . . . Developing :
Phenomenon Good (3 poin) Fair (2 poin) (1 poin) Poor (0 poin )
Wilted pl:.ints ~ Explains lack of
observed in the s .
water — wilting . Mentions only
school garden . Explains lack of
+ mechanism one element
after three water - No response or
. (e.g., water .. (cause or .
consecutive " wilting, but no . irrelevant
. maintains cell . effect) or gives
days without mechanism answer
. turgor, ) reversed
watering mentioned . :
. supports relationship
during the dry :
photosynthesis)
season
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Observed . . . Developing .
Phenomenon Good (3 poin) Fair (2 poin) (1 poin) Poor (0 poin )
Numerous
insects ants, . :
( Explains grass Provides
grasshoppers, provides . inaccurate or
and small . Explains grass ., .
habitat + food : illogical
beetles) found source , as habitat or relationshi No response or
in grassy areas function (e food  source (e insr:ects irrelevant
near the B only, without . -8 answer
shelter from . like grass
schoolyard redators, food function because it is
during precators, ’
. nesting site) green)
morning
observations
Dry soil Explains P;?;ﬁes or
observed in hot/dry soil — Explains Fnaccurate
open, f 1 + . . :
P ewer pants hot/dry soil = relationship
unshaded mechanism No response or
fewer plants, (e.g., plants do .
areas of the (e.g, seeds but no not like hot irrelevant
schoolyard cannot . . . answer
‘th minimal . mechanism soil,  without
with “minimal - germinate, mentioned explaining
plant coverage roots  cannot offect on
absorb water) growth)
Table 3. Rubric Students’ Scientific Reasoning Skills
Scientific
. . . : Developing (1 :
Reasoning Good (3 point)  Fair (2 poin) eve giFI)llf)lg ( Poor (0 poin)
Indicators P
Using Consistently Uses Attempts to
observational uses direct . .
findines as observations as observations  use No evidence
eviderflgce relevant and as evidence observations used or
specific but general or butevidence opinion only
p_ vague is irrelevant
evidence
Explaining cause-  Explains cause . .
and-effect and effect Explains Mentions only No
. : cause and cause or only :
relationships completely and effect simply  effect, or explanation
logically with : . . irrel t
osicaty wi without full relationship oriretevan
accurate : .. answer
. logic is inaccurate
reasoning
. . D
Drawing Draws logical, cgr?z\{lslsions Attempts to No
conclusions accurate but seneral conclude but  conclusion
based on conclusions fully va fe or n(,)t illogical or or
observations supported by ful% ’ notbased on  completely
observations sup};)orte d observations  unrelated
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Constructing Constructs Explanations

scientific complete Constructs lin?ite dto

explanations scientific simple concrete No
explanations explanations descriptions explanation
using but lacks (whatI‘Ehe or irrelevant
appropriate scientific saw) With}(’)ut to scientific
terminology and terminology ST concepts

scientific

conceptual or depth concents
understanding P

Finding and Discussion

Finding

This study aimed to explore how fifth-grade (V) students at SD Negeri Tibayan 2

constructed scientific reasoning and causal reasoning through biodiversity learning

based on environmental exploration activities. The findings of the study are presented

as follows:

1. Students’ Ability to Identify Biodiversity Phenomena
The observation results demonstrated that fifth-grade students at SD Negeri Tibayan
2 were able to identify various forms of biodiversity found within the school
environment during the exploration activities. The students conducted observations
of plants, insects, and environmental conditions that influenced the existence of living
organisms. The results presented are in table 1.

Table 4. Students’ Ability to Identify Biodiversity Phenomena

No Observation Finding research Percentage
students (%)
1 Identifying plant species in Students were able to distinguish 86
the school environment several types of wild plants and
plants around the school
2 identifying living Students were able to find insects 80
organisms in the school and small organisms in the school
field area environment
3 Relating organisms to their Students began to understand the 73
habitats relationship between organisms
and  specific  environmental
conditions
4  Explaining environmental  Students explained the influence 67
conditions affecting of moist soil and sunlight on living
organisms’ lives organisms

Note: Percentages were calculated based on the analysis of three data sources: (1) student worksheets
(Items 1-3), (2) observation checklists completed by researchers during outdoor activities, and (3)
semi-structured interview responses. A student was counted as demonstrating an indicator if their
worksheet response, observed behavior, or interview answer met the rubric criteria for "Good" or
"Fair."

Table 4 shows that direct observation experiences helped students understand
biodiversity phenomena concretely, although some students still required guidance in
understanding ecological relationships more deeply.

2. Students’ Causal Reasoning Patterns
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The results and analysis of students’ worksheets demonstrated that students began to
construct causal relationships based on the environmental phenomena they observed
during the learning activities can be see at table 2.

Table 5. Students’ Causal Reasoning Patterns

No Observed Phenomenon Students’ Cause-and- Understanding
Effect Explanations Category

1  Wilted plants : observed in the Plants became wilted due Good
school  garden  after  three toalack of water
consecutive days without watering
during the dry season

2 Numerous insects (ants, Grass serves as a habitat Good
grasshoppers, and small beetles) and food source for
found in grassy areas near the insects

schoolyard during morning
observations
3 Dry soil observed in open, Fewer plan.t 5 Brow Fair
because the soil is hot and
unshaded areas of the schoolyard dry

with minimal plant coverage

Table 5 shows that the students began to construct simple causal reasoning
patterns based on the results of environmental observations. These findings suggest
that environmental exploration-based learning provided an initial stimulus for the
development of elementary students’ causal reasoning skills.

3. Students’ Scientific Reasoning SKkills
The analysis of students’ worksheets revealed the development of scientific
reasoning skills in constructing scientific explanations based on observational
findings.
Table 6. Students’ Scientific Reasoning Skills
No Scientific Reasoning  Research Findings Understanding
Indicators Category
1 Using observational Students used direct observations in Good
findings as evidence  their responses
2 Explaining cause-and- Students were able to explain simple Good

effect relationships relationships between phenomena
3 : . Students began to formulate simple Fair
Drawing conclusions :
conclusions
based on
observations
4  Constructing Students’ explanations were still Developing
scientific limited to concrete observations
explanations

Table 6 shows that the students began to use observational findings as the basis for
constructing scientific explanations. Most students were able to relate their
observations to simple explanations regarding environmental phenomena. However,
students’ ability to construct more complex scientific explanations still required
reinforcement through deeper and more continuous investigative activities

4. Visual Representation of Biodiversity Observations

The findings also revealed that students not only conducted observations of
biodiversity objects within the school environment but also represented their
observations through drawing activities involving plants and animals found during
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field exploration. The activity of drawing observational findings demonstrated that
visual representation assisted students in constructing scientific understanding
through the interpretation of observed objects. According to (Bruner, 1961), visual
representation supports students in developing conceptual understanding through
the iconic representation stage before progressing toward abstract understanding.
These findings are also consistent with the study conducted by Ainsworth et al. (2023),
which revealed that visual 1 representation in  science
learning enhances ‘ elementary students’
observational skills and scientific explanation abilities.
The result is presented in the visual drawing shown in
the picture below

Figure 1. Students’ Construction of Scientific Reasoning through Visual
Representation in Environmental Exploration-Based Biodiversity Learning

Figure 1 illustrates fifth-grade (V) students at SD Negeri Tibayan 2 engaging in
visual representation activities following direct environmental exploration. Through
drawing activities, students documented and interpreted biodiversity objects observed
within the school environment, including plants, insects, and environmental conditions
surrounding their habitats. The visual representations produced by students reflected
not only observational outcomes but also the development of scientific reasoning through
the identification of organism characteristics, habitat relationships, and simple ecological
interactions. Furthermore, these activities demonstrated students’ emerging ability to
transform empirical observations into concrete scientific representations, indicating the
development of evidence-based interpretation and causal understanding derived from
authentic environmental experiences. The integration of drawing activities within
environmental exploration learning also strengthened students’ reflective thinking
processes by enabling them to reconstruct observational findings into meaningful
scientific explanations.

DISCUSSION

The findings of this study demonstrate that biodiversity learning based on
environmental exploration contributed significantly to the development of scientific
reasoning and causal reasoning among fifth-grade students at SD Negeri Tibayan 2.
Through direct observation activities conducted in the school environment, students
were able to construct scientific understanding through contextual and empirical
experiences. Learning activities carried out in authentic environments enabled students
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to connect biodiversity concepts with real environmental phenomena observed directly
in the field. This finding indicates suggests that exploration-based learning provides more
meaningful learning experiences than conventional classroom instruction that primarily
emphasizes memorization and verbal explanation of concepts. Students developed
scientific understanding not only by receiving information from teachers but also by
interacting directly with plants, insects, and environmental conditions surrounding the
school environment.

The study also revealed that direct environmental observation enhanced students’
observational and analytical skills. Students became more capable of identifying
biodiversity objects and wunderstanding relationships, between organisms and
environmental conditions. These findings support who stated that natural environment-
based learning improves students’ observational abilities and cognitive engagement
because students experience authentic interactions with environmental phenomena
(Kyra Ricci, Kathleen Lu, Grascen Shidemantle, 2024;Javier Cantillo, 2025). Outdoor
learning activities support deeper conceptual understanding because students can
directly relate scientific concepts to real-world environmental conditions. Research has
shown the outdoor learning can enchanted elementary students ecological relationships,
such as understanding that plants insects inhabit grassy areas because they provide
shelter and food resource (Ayotte & Beaudet, 2023).

Improving observational skills, environmental exploration activities contributed
to the development of students’ causal reasoning abilities. Students gradually developed
the ability to explain cause-and-effect relationships related to environmental phenomena
observed during exploration activities. This finding aligns with Kuhn (2021), who argued
that causal reasoning develops more effectively when students are involved in
investigating authentic scientific phenomena that enable them to connect causes with
consequences (Kuhn, 2021). Through biodiversity exploration activities, students began
to recognize relationships between environmental conditions and the survival of living
organisms, although most explanations remained relatively simple and concrete. The
findings further showed that exploration-based learning supported the development of
evidence-based scientific reasoning. Students started to construct explanations based on
observational evidence collected during environmental exploration activities. Osborne
and Patterson (2024) explained that scientific reasoning develops when students engage
in data collection, observation interpretation, and evidence-based explanation
construction. In this study, students demonstrated emerging abilities to explain
environmental phenomena using evidence obtained through direct observation. These
experiences strengthened the connection between scientific concepts and students’
everyday experiences, making science learning more contextual and meaningful
(Osborne, J., & Patterson, 2011).

The emphasized that scientific discussion activities strengthen evidence-based
argumentation and support the development of scientific reasoning processes Erduran,
2023). Furthermore, visual representation activities through drawing biodiversity
objects helped students organize and interpret observational findings more concretely.
According to Prain (2023), visual representation supports scientific interpretation and
conceptual understanding in science learning. This condition corresponds with Piaget’s
theory of cognitive development, which explains that elementary school students remain
in the concrete operational stage where abstract reasoning develops gradually through
direct experiences and concrete activities (Tytler, 2023). Therefore, continuous
instructional support and inquiry-based learning experiences remain necessary to
strengthen students’ scientific reasoning abilities. Overall, this study confirms that
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environmental exploration based biodiversity learning provides important opportunities
for elementary school students to develop scientific observation skills, causal reasoning,
and evidence-based scientific reasoning through authentic and contextual learning
experiences (Muhammad Ikram Abdullah, Javier Kusuma, 2025;Koca, Ceren; Sert, 2026)).

CONCLUSION

This study demonstrates biodiversity learning based on environmental
exploration effectively fosters elementary students’ scientific reasoning and causal
reasoning through direct engagement with authentic environmental phenomena.
Students developed the ability to identify biodiversity objects, construct basic cause-and-
effect relationships, and formulate evidence-based scientific explanations derived from
empirical observations. Nevertheless, students’ reasoning patterns remained largely
concrete and descriptive, indicating the need for sustained inquiry-oriented instruction
to strengthen higher-order analytical thinking. These findings suggest that contextual
environmental exploration provides a meaningful pedagogical foundation for developing
scientific literacy and ecological understanding in elementary science education.
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