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Developing scientific communication requires more than students’ ability to convey
information; it requires sustained opportunities to interpret evidence, communi-
cate scientific ideas, and construct evidence-based conclusions through meaningful
scientific practices. This study investigates the development of students’ scientific
communication skills within Sustainability-Oriented STEM Project-Based Learn-
ing through an edible film project. Scientific communication was conceptualized as
a multidimensional competency involving identifying information, communicating
scientific ideas, and constructing evidence-based conclusions. The study employed a
quantitative repeated-measures classroom intervention design involving 22 seventh-
grade students. Data were collected using an observation instrument and analyzed
using descriptive statistics, the Friedman test, and Spearman rank correlation analy-
sis. The results showed significant improvement across all dimensions of scientific
communication throughout the three learning sessions (p < 0.001), with the great-
est improvement observed in students’ ability to construct evidence-based conclu-
sions. Correlation analysis revealed significant relationships among all dimensions.
These findings suggest that Sustainability-Oriented STEM Project-Based Learning
provides opportunities for students to engage in collaborative inquiry, scientific rea-
soning, and communication through contextual sustainability issues. The findings
indicate that scientific communication develops as an interconnected multidimen-
sional competency in collaborative STEM learning experiences.
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INTRODUCTION

Scientific communication has increasingly
been recognized as a fundamental competency
in science education, particularly in preparing
students to participate meaningfully in scientific
practices and inquiry processes (National Re-
search Council, 2012). Recent bibliometric stud-
ies further demonstrate growing international
attention toward scientific communication re-
search in STEM education, particularly in rela-
tion to collaborative inquiry, problem-solving,
and scientific literacy development (Ishmuradova
et al., 2023). This trend reflects the recognition
that communication is not merely a supporting
skill but an essential component of students’ par-
ticipation in science learning. Burns et al., (2003)
define scientific communication as the use of
communication processes that promote under-
standing, engagement, and personal responses to
science. Scientific communication involves not
only sharing information but also interpreting
evidence, negotiating meaning, and constructing
understanding through interaction. In classroom
inquiry contexts, students are expected to articu-
late scientific reasoning, interpret evidence, and
communicate explanations, making scientific
communication particularly important in school
science learning.

In the context of twenty-first century
education, scientific communication is increas-
ingly aligned with the competencies required
for deep learning and lifelong learning. Darling-
Hammond et al. (2020) emphasize that effective
learning environments support students’ abilities
to process information, articulate ideas, and con-
struct understanding through social interaction.
Scientific communication functions as a bridge
between cognitive processes and social learning,
enabling students to externalize their reasoning,
negotiate meaning, and refine their understand-
ing through dialogue. Consequently, strengthen-
ing students’ scientific communication skills has
become an important goal of science education,
particularly at the secondary school level, where
students begin engaging with more abstract sci-
entific ideas through classroom interaction. In
science classrooms, communication is not only
a learning outcome but also a core mechanism
through which students construct scientific un-
derstanding (Jay, 1991; Scott & Mortimer, 2005).
Therefore, promoting scientific communication
is essential to support students’ scientific literacy
development and active participation in inquiry-
based learning.

Importantly,

scientific communication

should not be conceptualized as a single, iso-
lated skill. Prior studies highlight that scientific
communication encompasses multiple interre-
lated dimensions, including processing scientific
information, engaging in scientific discourse,
and constructing evidence-based conclusions or
arguments (Hottecke & Allchin, 2020; Jiménez-
Aleixandre & Erduran, 2007; Mercer et al., 2009;
Osborne, 2010). The abilities to identify relevant
information, communicate scientific ideas, and
participate in scientific conclusion-making are
interconnected rather than independent pro-
cesses. In this study, scientific communication is
operationalized through three key dimensions:
identifying scientific information, communicat-
ing ideas and evidence, and participating in col-
laborative scientific conclusion-making. These
dimensions provide a framework for examining
students’ scientific communication development
during collaborative inquiry activities (Galimo-
va et al., 2025; Ruiz-Primo & Shavelson, 1996).
Despite this theoretical recognition, empirical
research has rarely examined how these dimen-
sions develop simultaneously and interact during
learning processes. As a result, scientific com-
munication is frequently reported as a single
outcome variable, providing limited understand-
ing of its multidimensional nature in classroom
learning environments.

These challenges become particularly evi-
dent at the secondary school level, especially in
junior high school, where the development of
scientific communication skills is both crucial
and demanding. Students at this stage are transi-
tioning from concrete to more abstract forms of
scientific reasoning, yet classroom practices of-
ten remain focused on content acquisition rather
than communicative engagement. This develop-
mental stage is particularly important because
early adolescents are transitioning from concrete
operational thinking toward more abstract and
formal reasoning processes. During this period,
students begin to develop greater capacity for
evidence evaluation, argument construction,
and scientific explanation, yet often still require
structured learning experiences to support these
emerging competencies. Therefore, inquiry- and
project-based STEM learning environments may
provide valuable opportunities for fostering scien-
tific communication during this critical develop-
mental phase (Hilton, 2010; Maspul, 2024; Sani
et al., 2026)

Previous studies indicate that junior high
school students often experience difficulties in ex-
plaining scientific ideas coherently, interpreting
data meaningfully, and constructing evidence-
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based conclusions (Berland & Reiser, 2009; Driv-
er et al., 2000; Muspiroh et al., 2024; Pambayun
et al., 2025; Putra et al., 2025). These challenges
highlight the need for instructional approaches
that intentionally support students’ scientific
communication development.

Project-Based Learning (PjBL), particu-
larly when integrated with a STEM approach,
has been widely recognized as a promising peda-
gogical model for fostering higher-order skills,
including communication and collaboration.
STEM Project-Based Learning emphasizes au-
thentic problems, interdisciplinary integration,
and student-centered inquiry, creating learning
environments in which communication becomes
an integral component of inquiry processes (By-
bee, 2013; Capraro et al., 2013; English, 2016;
Kelley & Knowles, 2016). Contemporary studies
indicate that STEM project-based learning envi-
ronments provide opportunities for students to
collaboratively construct understanding through
inquiry and problem-solving activities (Owens &
Hite, 2022; Teo & Mabulo, 2024; Van Haaske &
Samelik, 2025).

Within this framework, the use of edible
film projects offers a contextualized and envi-
ronmentally relevant learning experience. Edible
films, often discussed in relation to sustainable
packaging and environmental issues, provide a
real-world context that connects scientific con-
cepts with students’ everyday experiences and
environmental concerns (Sothornvit & Krochta,
2005; Souza et al., 2025). Such contextual learn-
ing environments support scientific communica-
tion by engaging students in authentic problem-
solving situations rather than decontextualized
classroom exercises (Faber et al., 2024).

Previous studies have widely reported the
potential of STEM Project-Based Learning in
improving students’ communication and collabo-
ration skills. However, scientific communication
is often examined as a general learning outcome,
providing limited insight into the developmental
patterns of its individual dimensions and the rela-
tionships among these dimensions during learn-
ing processes. Consequently, further investigation
is needed to understand whether identifying in-
formation, communicating scientific ideas, and
constructing conclusions develop independently
or as interconnected components of scientific
communication within STEM learning experi-
ences.

Furthermore, empirical studies examin-
ing these developmental relationships remain
limited, particularly at the junior high school
level and within sustainability-oriented sociosci-

entific learning contexts. Therefore, this study
investigates the multidimensional development
of students’ scientific communication skills and
explores the relationships among its dimensions
within a Sustainability-Oriented STEM Project-
Based Learning environment through an edible
film project context. Understanding these rela-
tionships is important because scientific com-
munication in classroom inquiry does not occur
through isolated actions; rather, students con-
tinuously move between identifying information,
communicating ideas, and constructing conclu-
sions as part of a single meaning-making process.

This study aims to (1) examine the devel-
opment of students’ scientific communication
skills across repeated learning sessions within
a Sustainability-Oriented STEM Project-Based
Learning environment, and (2) analyze the re-
lationships among the dimensions of scientific
communication skills during an edible film proj-
ect.

METHOD

This study employed a quantitative repea-
ted-measures classroom intervention design to
examine the development of students’ scientific
communication skills across three consecutive
learning sessions. Repeated observations of the
same participants enabled the identification of
patterns of change following the instructional
intervention without involving control or compa-
rison groups.

The participants consisted of 22 seventh-
grade students from a private junior high school
in Sleman, Yogyakarta, Indonesia. The study
was conducted during the second semester of
the 2024/2025 academic year within the ecology
and environmental pollution topic. Each learning
session lasted approximately 80—-120 minutes and
was implemented across three consecutive mee-
tings.

A convenience sampling technique was
employed because the selected class was ac-
cessible to the researchers and aligned with the
instructional context of the study. The school
had initiated efforts to integrate STEM learning
into its curriculum; however, science practical
activities had previously been conducted prima-
rily through virtual simulations due to limitations
in laboratory facilities and equipment. Therefo-
re, the class was selected to implement a hands-
on STEM Project-Based Learning experience
through an edible film project.

Considering the classroom-based nature
of this study, the findings should be interpreted
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within the scope of this specific learning context.
The limited sample size and single-school setting
may restrict statistical power and the generaliza-
bility of the findings to broader student popula-
tions.

The learning intervention integrated con-
textual environmental issues related to plastic
pollution through project-based activities in-
volving the design and testing of edible film as
an alternative packaging material. In the first
meeting, students were introduced to ecological
concepts and environmental pollution problems,
during which observations were conducted to
capture students’ initial scientific communication
skills. In the second meeting, students explored
the impacts of plastic waste and designed edible
film prototypes using different material composi-
tions through group experimentation. In the third
meeting, students tested and evaluated the produ-
ced edible films based on physical characteristics
such as elasticity, thickness, and tear resistance,
followed by group discussions and the formula-
tion of conclusions regarding environmentally
friendly solutions.

Data were collected using an observation
instrument developed by the researchers to assess
students’ scientific communication skills. The
instrument was constructed through a synthesis
of multiple theoretical frameworks to ensure con-
ceptual validity, including the Toulmin Argument
Pattern (Erduran et al., 2004), science communi-
cation competencies (Aurbach et al., 2019), and
the EEES framework (Wack et al., 2021). These
frameworks informed the development of indica-
tors related to evidence-based reasoning, scienti-
fic communication, and collaborative conclusion-
making. Based on this synthesis, three aspects of
scientific communication skills were identified:
(1) identifying and evaluating information, (2)
communicating scientific information, and (3)
constructing and presenting evidence-based con-
clusions. Each aspect was operationalized into
observable student behaviors as presented in Tab-
lel.

Each aspect consisted of three observable
indicators assessed using a four-point Likert-type
scale ranging from 1 (very low) to 4 (very high)
(Ferrando et al., 2025; Koo & Yang, 2025). The
instrument underwent content validation through
expert judgment involving two university lectu-
rers in science education. Validation focused on
indicator relevance, conceptual accuracy, langu-
age clarity, presentation quality, and usability.
The content validity was quantified using Aiken’s
V coefficient based on expert judgments. The ave-
rage Aiken’s V value across the assessed aspects

was 0.976, indicating a very high level of content
validity for the instrument. Minor revisions were
incorporated based on expert feedback prior to
implementation.

Table 1. Indicators of Students’ Scientific Com-
munication Skills

Aspect Observable Indicators

Identifying
and Evaluating
Information

1. Uses appropriate informa-
tion sources (e.g., eBook,
infographic, video) during
discussion

2. Selects relevant informa-
tion to answer questions

3. Applies appropriate scien-
tific concepts when express-
ing ideas
Communicat- 1. Presents information
ing Scientific clearly and in a logical se-
Information quence

2. Uses visual aids (e.g.,
slides, posters, infographics)
to support explanations

3. Responds to questions
with clear and logical rea-
soning

Constructing 1. Contributes arguments to
and Presenting  support group conclusions

Evidence-Based o
Conclusions

Connects conclusions
with analyzed data or infor-
mation

3. Presents conclusions

clearly to peers

To ensure consistency in data collection,
three observers participated in a calibration ses-
sion conducted by the researchers to develop a
shared understanding of scoring criteria and rub-
ric interpretation. Inter-rater reliability was asses-
sed using the Intraclass Correlation Coefficient
(ICQC). The analysis showed excellent agreement
among observers, with an ICC value of 0.948 for
single measures and 0.982 for average measures,
indicating strong consistency among observer
ratings. Scores for each aspect were obtained by
averaging the ratings across the corresponding in-
dicators for all participants.

Descriptive statistics were used to describe
the progression of students’ scientific communi-
cation skills across the three measurement points,
supported by graphical representations. Prior to
inferential analysis, the normality assumption
was examined using the Shapiro-Wilk test.
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Table 2. Results of Shapiro-Wilk Normality Test
Aspect

Sig. (p-value) meeting

1 2 3
Identifying 0.005 0.034 0.015
Communicating 0.001 0.006 0.027

Conclusion Making 0.006 0.003 0.011

The results indicated that all dimensions
of scientific communication across the three me-
asurement sessions showed significant deviations
from normality (p < 0.05). Therefore, non-para-
metric statistical procedures were applied.

Inferential statistical analysis was con-
ducted using the Friedman test to determine
whether significant differences existed across
repeated observations. The Friedman test is ap-
propriate for non-parametric repeated measures
data (Field, 2013). When significant differences
were identified, mean rank values were examined
to interpret the direction of change across mee-
tings. Additionally, Spearman rank correlation
analysis was conducted to examine relationships
among the three aspects of scientific communi-
cation skills. Spearman correlation is suitable for
ordinal data and non-normal distributions (Field,
2013). Correlation strength was interpreted based
on Cohen (2013) criteria, where coefficients of
0.10-0.29 indicate weak, 0.30-0.49 moderate,
and >0.50 strong correlations. All analyses were
performed using SPSS software.

RESULT AND DISCUSSION

The results indicate a consistent improve-
ment in students’ scientific communication skills
across the three learning meetings. As presented
in Figure 1, all observed aspects, namely identi-
fying information, communicating information,
and participating in scientific conclusion-ma-
king, showed a consistent upward trend across
the three meetings. This pattern suggests that stu-
dents’ scientific communication skills developed
gradually through repeated engagement in colla-
borative learning activities rather than through a
single instructional exposure. This developmental
trajectory aligns with recent evidence demonstra-
ting that critical competencies in science educati-
on cannot be mastered instantaneously; instead,
they require sustained, cyclical engagement in
collaborative problem-solving tasks to allow skills
to mature over time (Angeloska-Galevska, 2023;
Torrijos-Marti, 2026).

The visual trend shown in Figure 1 sug-
gests that STEM Project-Based Learning supports
scientific communication through repeated en-
gagement in collaborative inquiry and problem-
solving activities. Throughout the learning cycles,
students engaged in explaining ideas, interpreting
evidence, negotiating meaning, and reflecting on
group findings. Such processes suggest that com-
munication functions as an integral component
of constructing and sharing scientific understan-
ding rather than merely as an additional learning
outcome within STEM learning environments
(Firetto et al., 2023; Ishmuradova et al., 2023;
Owens & Hite, 2022).

To examine whether the observed impro-
vements across the three learning meetings were
statistically significant, a Friedman test was con-
ducted for each dimension of scientific commu-
nication. The results indicated significant diffe-
rences across the three measurement points, as
presented in Table 2. These findings demonstrate
that students’ scientific communication skills de-
veloped progressively throughout the Sustaina-
bility-Oriented STEM Project-Based Learning
implementation.

3,32 35
3,02

3,32
2,8

3,5
3
2,5
2
1,5
1
0,5
0

Identifying ~ Communicating Conclusion Making

B Meeting 1 B Meeting 2 Meeting 3

Figure 1. Mean scores of students’ scientific
communication dimensions across three learning
meetings

Table 3. Results of Friedman Test for Each As-
pect of Scientific Communication

Aspect Meeting x2 (df=2) p-value
1 2 3

Identifying 1.20 1.89 2.91 37.013 <0.001

Communi- 1.23 193 2.84 33.787 <0.001

cating

Conclusion 1.05 1.98 298 42.518 <0.001

Making
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Although all dimensions demonstrated
significant improvement across learning ses-
sions, the magnitude of development differed
among aspects of scientific communication.
The identifying information dimension showed
progressive improvement throughout the STEM
project implementation. This pattern suggests
that students gradually became more capable of
recognizing relevant scientific concepts, selecting
appropriate information, and connecting scien-
tific knowledge with the problems investigated
during the edible film project. Such improvement
is consistent with previous studies indicating that
inquiry-oriented STEM environments support
students in identifying, evaluating, and interpre-
ting scientific information through authentic in-
vestigation processes (Arifin et al., 2025; Faber et
al., 2024; Vo & Simmie, 2025)

A similar improvement pattern was obser-
ved in students’ ability to communicate scientific
information. The development of this dimensi-
on indicates that collaborative STEM activities
provided opportunities for students to articulate
ideas, negotiate meanings, and justify explana-
tions during group discussions. These interaction
processes represent important characteristics of
project-based STEM learning, where communi-
cation and collaborative reasoning are developed
through problem-solving activities (Faif Pasani &
Amelia, 2024; Teo & Mabulo, 2024).

The greatest improvement occurred in
students’ participation in scientific conclusion-
making. This finding suggests that the edible film
project supported students in integrating infor-
mation, evaluating evidence, and constructing
explanations related to environmental problems.
The socioscientific context embedded within the
project may have encouraged students to move
beyond describing information toward making
evidence-based decisions. Previous studies have
highlighted that socioscientific STEM contexts
facilitate the coordination of evidence, reasoning,
and decision-making in scientific communicati-
on activities (Bozkurt Altan et al., 2018; Dauer
et al., 2025; Lesnefsky et al., 2025; Macalalag et
al., 2020). This pattern may indicate that repea-
ted collaborative inquiry activities gradually sup-
ported students in integrating evidence, discussi-
on outcomes, and contextual reasoning into more
comprehensive scientific conclusions.

Collectively, these findings demonstrate
that all aspects of scientific communication imp-
roved significantly over time, with the strongest
development observed in students’ ability to
formulate scientific conclusions. This pattern
suggests that while foundational skills such as

identifying and communicating information may
develop earlier, more complex skills such as con-
clusion-making may require more sustained en-
gagement in inquiry-based learning activities

To further substantiate this developmen-
tal pattern, a Spearman rank correlation analy-
sis was conducted to examine the relationships
among the aspects of scientific communication.
The results revealed significant positive correla-
tions among all observed aspects, suggesting that
these skills are interconnected and tend to develop
in a coordinated manner. More importantly, the-
se findings suggest that scientific communication
may be better understood as an integrated system
of competencies rather than as separate commu-
nication skills. The observed correlations indi-
cate that these dimensions were closely related
throughout the learning process. This perspective
extends beyond viewing scientific communicati-
on solely as an outcome and instead highlights
its multidimensional nature within collaborative
STEM learning environments.

Table 4. Spearman Rank Correlation Among As-
pects of Scientific Communication

Variables Identifying Commu- Conclusion
nicating Making

Identifying  1.000 0.648**  0.765**

Communi-  0.648** 1.000 0.534*

cating

Conclusion  0.765** 0.534* 1.000

Making

The correlation analysis revealed meaning-
ful relationships among dimensions of scientific
communication. The strongest relationship was
found between identifying scientific information
and participating in conclusion-making, sugges-
ting that students’ ability to recognize and pro-
cess relevant information was closely associated
with their ability to construct evidence-based
conclusions. Within the STEM project context,
students were required to identify scientific infor-
mation related to environmental issues and use
this information to develop solutions, which may
explain the connection between these two dimen-
sions (Arifin et al., 2025; Vo & Simmie, 2025).

A positive relationship was also observed
between identifying information and communi-
cating information. This finding indicates that
students who were better able to organize scien-
tific information tended to demonstrate stronger
abilities in expressing scientific ideas clearly. Such
a relationship aligns with sociocultural perspec-
tives that emphasize the role of interaction and
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knowledge construction in the development of
scientific communication (Kreijns et al., 2022;
Lehtinen et al., 2023).

Meanwhile, the relationship between com-
municating information and conclusion-making
was comparatively weaker. This pattern sug-
gests that communicating ideas and constructing
scientific conclusions represent related but dis-
tinct cognitive processes. Although students may
actively exchange ideas during discussions, deve-
loping evidence-based conclusions requires addi-
tional processes, including evaluating evidence,
integrating information sources, and justifying
claims. This finding is consistent with previous
research indicating that early adolescent learners
may experience challenges in transforming colla-
borative discussions into coherent scientific argu-
ments (Murty et al., 2016; Wen et al., 2023).

Based on (Cohen, 2013) interpretation
guidelines, the observed coefficients indicate
moderate to strong relationships among the di-
mensions of scientific communication. These fin-
dings suggest that scientific communication skills
develop as interconnected competencies that mu-
tually reinforce one another during collaborative
STEM learning activities. Similar patterns have
been reported in STEM education studies sho-
wing that communication, reasoning, and colla-
borative inquiry tend to develop simultaneously
when students engage in authentic project-based
tasks (Le et al., 2025; Liu et al., 2026; Wahono et
al., 2025).

The strong correlations among the di-
mensions may reflect the collaborative nature of
STEM Project-Based Learning, in which students
continuously exchange information and construct
shared explanations during project activities.
This finding supports previous STEM education
studies emphasizing the role of collaborative in-
quiry and peer interaction in the development of
scientific communication competencies (Baze et
al., 2023; Firetto et al., 2023; Fitria et al., 2025).

Rather than functioning as separate com-
munication skills, the observed dimensions ap-
peared to develop as a coordinated system throug-
hout the learning process. Students who became
more capable of identifying relevant scientific
information also tended to communicate ideas
more effectively and construct stronger eviden-
ce-based conclusions. This pattern suggests that
scientific communication development may be
better understood as a multidimensional process
in which cognitive, communicative, and reaso-
ning practices interact continuously during inqui-
ry activities. Within the sustainability-oriented
STEM Project-Based Learning environment,

students were not merely asked to communicate
scientific ideas; they were simultaneously requi-
red to interpret information, negotiate meaning,
evaluate evidence, and formulate conclusions.
Consequently, the development of one dimensi-
on may have supported the development of ot-
hers, reinforcing scientific communication as an
integrated competency rather than a collection of
isolated skills.

This finding aligns with sociocultural
perspectives of learning, which view communi-
cation, reasoning, and knowledge construction
as mutually constitutive processes that develop
through participation in collaborative activities.
From this perspective, scientific communication
is not merely a means of expressing understan-
ding but also a mechanism through which under-
standing itself is constructed and refined.

The observed improvement across all
aspects of scientific communication may be
associated with the characteristics of STEM
Project-Based Learning, which emphasizes ac-
tive engagement, collaboration, and authentic
problem-solving. Within such learning environ-
ments, communication becomes a functional
component of inquiry, as students are required
to articulate ideas, negotiate meaning, and justify
reasoning throughout project activities (Sivaraj et
al., 2021; Vincent-Lancrin et al., 2019; Wiggins
et al., 2021).

The iterative nature of project-based lear-
ning also plays a significant role in supporting
this development. Across the three measurement
points, students were continuously engaged in
cycles of planning, experimenting, discussing,
and reflecting. These repeated opportunities al-
lowed students to gradually refine both concep-
tual understanding and scientific communicati-
on skills. This finding supports the perspective
that communication skills develop progressively
through sustained practice and social interaction
rather than through isolated instructional activi-
ties (Darling-Hammond et al., 2020; Reithi 1 Hall
& Montgomery, 2023; Wayal, 2025).

The observed improvement in identifying
information and constructing conclusions reflects
the development of evidence-based reasoning
practices. The ability to identify relevant informa-
tion serves as the foundation for building scien-
tific arguments, while the ability to construct
conclusions represents a higher-order integration
of evidence and reasoning. This progression is
consistent with the framework of scientific argu-
mentation, where data and evidence function as
the basis for constructing claims (Osborne, 2010;
Toulmin, 2003).
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The use of the edible film project as a con-
textual learning medium further strengthened
this process. Unlike abstract or decontextualized
classroom tasks, the edible film project provided
a tangible and meaningful problem related to en-
vironmental issues, particularly plastic pollution
and sustainable alternatives. This context requi-
red students not only to understand scientific con-
cepts but also to apply them in decision-making
situations, such as comparing material properties
and evaluating experimental results. Contextual
and socioscientific learning environments have
been shown to enhance students’ engagement
and communication by connecting scientific con-
cepts with real-world issues (Kumar et al., 2024;
Nuangchalerm, 2010; Viehmann et al., 2024).

Such a context creates authentic commu-
nicative demands. Rather than merely comple-
ting classroom tasks, students were engaged in
explaining, arguing, and justifying ideas within
meaningful real-world contexts. This supports
the view of scientific communication as a situ-
ated practice in which knowledge is constructed
and expressed within meaningful contexts (Burns
et al., 2003; Fischer et al., 2024; Fuentes-Cancell
et al., 2026; Santhiago, 2025).

Unlike many previous studies that treat
scientific communication as a generalized lear-
ning outcome, this study examined its multidi-
mensional development through repeated class-
room observation within a sustainability-oriented
STEM Project-Based Learning context. The
edible film project connected ecological concepts
with real-world environmental issues, allowing
students to engage in scientific communication
through meaningful problem-solving activities.
These findings suggest that sustainability-ori-
ented STEM learning has strong potential to sup-
port the development of scientific communicati-
on in junior high school science education.

The overall pattern indicates that scientific
communication develops as an integrated process
involving reasoning, collaboration, and contextu-
al problem-solving within STEM Project-Based
Learning environments. These findings have se-
veral implications for science education practice.
First, scientific communication appears to deve-
lop more effectively when integrated throughout
the learning process rather than treated solely as
a final assessment outcome. Learning activities
that continuously engage students in expressing,
discussing, and refining ideas may better support
scientific communication development. This
aligns with sociocultural perspectives emphasi-
zing that communication develops through inter-
action and collaborative meaning-making proces-

ses (Firetto et al., 2023; Owens & Hite, 2022).

Second, instructional strategies should
emphasize the integration of cognitive and com-
municative processes. The development of scien-
tific communication is closely linked to students’
ability to process information, reason with evi-
dence, and articulate ideas. Therefore, learning
environments should be designed to support the-
se processes simultaneously.

Finally, the use of contextual and project-
based learning approaches, particularly those
connected to real-world and sustainability issues,
can provide meaningful opportunities for stu-
dents to develop scientific communication skills.
Such approaches not only enhance student enga-
gement but also prepare learners to participate
more effectively in scientific discourse beyond
classroom contexts.

Despite these findings, this study has se-
veral limitations. The study involved a relatively
small number of participants from a single class-
room context, which may limit the generalizabi-
lity of the findings. In addition, the intervention
was conducted over a relatively short period and
may not fully capture the long-term development
of students’ scientific communication skills. Alt-
hough observer calibration was conducted prior
to data collection, observational assessment inhe-
rently involves the possibility of subjective inter-
pretation during classroom interactions.

Furthermore, this study relied primarily on
observational measures and did not examine stu-
dents’ perceptions or long-term communication
development beyond the intervention period. Fu-
ture studies may involve larger participant groups,
multiple school contexts, and mixed-method ap-
proaches. In particular, qualitative analyses of
students’ discussion transcripts, argumentation
patterns, and collaborative interactions may pro-
vide deeper insight into how the dimensions of
scientific communication develop and interact
throughout STEM learning processes.

CONCLUSION

This study demonstrates that the imple-
mentation of Sustainability-Oriented STEM
Project-Based Learning was associated with the
progressive development of students’ scientific
communication skills across repeated learning
sessions. All dimensions, including identifying
information, communicating ideas, and construc-
ting conclusions, showed progressive develop-
ment, with the greatest improvement observed
in students’ ability to formulate evidence-based
conclusions. These findings indicate that scien-
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tific communication is a multidimensional and
interconnected competency, in which the deve-
lopment of different dimensions occurs in relati-
on to one another. The edible film project provi-
ded a meaningful sustainability-oriented context
that encouraged students to engage in scientific
reasoning, communication, and collaborative
problem-solving, supporting the development of
scientific communication as an integrated set of
competencies rather than isolated skills. These
findings highlight the importance of embedding
communication throughout learning activities
rather than treating it solely as a final learning
outcome. Overall, Sustainability-Oriented STEM
Project-Based Learning demonstrates potential
for fostering interconnected scientific communi-
cation practices among junior high school stu-
dents.
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